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Message from the 2023 IAEE President

Dear authors of the papers received by our IAEE 44th International Conference 

in Riyadh,

You are what our association is about: exchanging information and ideas, testing 

hypothesis and reasoning. As a knowledge-based association, we do not support 

any particular energy interest or take any policy positions; rather, we look after world 

energy economics as a “state of the world” and progress.

We are very grateful to the King Abdullah Petroleum Studies and Research Center 

(KAPSARC) and the Saudi Association for Energy Economics (SAEE) for organizing 

our 44th IAEE International Conference, for the first time in the MENA region, in 

Saudi Arabia. Without their efforts and hospitality this would not have happened. 

However, the treasure is found in your work.

How is the oil and gas industry evolving, and why, what are the key influencing 

factors? Will the Russia-Ukraine-Europe’s shock keep troubling the entire world 

supply, or progressively stabilize its effects and reduce its impacts?

Are the post-pandemic disturbances here to stay in the global manufacturing and 

supply chains, or will they be overcome by efforts, reorganization and investments?

What new contributions are Saudi Arabia and the Middle East bringing, currently 

and in the near future? Be it as leaders in oil and gas, or pioneers in wind and solar, 

nuclear or green hydrogen?

At IAEE, we are neutral experts, never shy of addressing an issue, not blind in 

front of problems or difficulties, but always looking first at facts, at reasoning, and 

methodologies. We all share a scientific ideal: that of a knowledge built on its own 

logic and verifiable truth. We are open to each other on this reasonable basis.

And this wonderful edition of our proceedings will again show that we are right and 

that we know how to learn from each other.

Sincerely,

Jean-Michel Glachant

President of IAEE
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Message from the co-hosts of the 44th IAEE 

International Conference

On behalf of the King Abdullah Petroleum Studies and Research Center (KAPSARC) 

and the Saudi Association for Energy Economics (SAEE), it is a pleasure to welcome 

you to the 44th International Association for Energy Economics (IAEE) Conference, 

hosted for the first time in the MENA region, in Saudi Arabia. We are grateful to all 

the SAEE and IAEE officers and members, affiliate leaders, and KAPSARC colleagues 

who gave their all to make this event a success.

With this edition of the Abstracts of the Conference Proceedings, we look forward to 

an eventful year ahead. This booklet contains 278 abstracts of the presentations that 

are organized in 42 concurrent sessions, around relevant topics, such as: oil gas, coal 

renewables, electricity, nuclear, transportation, energy efficiency, energy and the 

environment, energy modeling energy security, and energy investment and finance.

Notwithstanding, the events of the past few years have taught us some important 

lessons. While we witnessed a pandemic in 2020, the year 2021 featured signs of 

revival with economic upswings in some parts of the world but also post-pandemic 

global supply chain bottlenecks that impeded the recovery›s sure footing, leading 

to inflation at the year›s end.

2022 was largely defined by an energy crisis caused by the Russia-Ukraine conflict 

that ultimately led to energy supply interruptions and economic sanctions. In 

Europe, gas price hikes hit previously unheard-of peaks of nearly 300 Euro/MWh, 

but the global oil market remained stable thanks to OPEC’s oil market strategy and 

consistent stabilization efforts.

This means that the role of the oil and gas sector’s contribution to a stable economy 

and, simultaneously, a seamless energy transition, cannot be understated. Saudi 

Arabia, a responsible energy producer, has long viewed climate action as a chance 

to provide realistic solutions to a problem that affects us on a global scale.

This year’s IAEE conference is one of the Kingdom’s vehicles that showcase its 

leadership in this space and its adoption of a balanced, proactive and positive 

approach to the energy transition that is holistic, inclusive, and sustainable.

As energy experts we must observe, analyze, and assess global supply chains, 

consumer welfare, and market mechanisms, with rigorous attention to the 

implications for energy affordability, energy supply, decarbonization policies, global 

economic growth and prosperity.
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As the conference program confirms, the IAEE community continues to be at the 

forefront of energy policy analysis, discussion, and debate. Our roles have never 

been more vital, nor our expertise so needed. 

Given the breadth of expertise present today, we are convinced that we can articulate 

practical solutions for clean, stable, and sustainable energy pathways that engage 

all stakeholders and result in a smooth energy transition. 

We take this opportunity to thank all the authors of the abstracts, the keynote 

speakers, the panelists and all the attendees. We thank King Saud University Press 

and its leadership and staff for the relentless work on the publication of the abstracts 

of the IAEE2023 proceedings.

Lastly, the conference›s inclusion of a sizeable number of young energy professionals 

is the best evidence yet that today’s brightest experts can shoulder this important 

responsibility very ably.

Going forward, we hope that this conference opens a fruitful, continuing dialogue 

among us ensuring that the 44th IAEE International Conference is our most 

productive and impactful so far.

Sincerely,

Dr. Majid Al-Moneef & Fahad Alajlan
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Overview 
Cement production in Saudi Arabia surged in the first half of the 2010s due to the country’s rapid economic 
development. It has slowed measurably in recent years as economic growth has declined. Still, it ranks among the 
top-ten countries for existing cement kiln capacity. The Saudi cement industry has relied on crude oil, heavy fuel oil, 
and natural gas to produce clinker, a key cement ingredient.  

The Kingdom is pursuing the reduction of domestic oil use in the industrial, electric power, and water sectors. 
Energy price reform, as detailed by Saudi Vision 2030, is intended to induce most large-scale consumers of crude oil 
and diesel to look elsewhere to fuel their electricity generation and industrial manufacturing processes. TDF and 
petroleum coke are fuels that local cement producers could consider when displacing their liquid fuels use. 

In this paper, we examine the prospects for the use of scrap tires and petroleum coke as supplemental fuels in the 
Saudi cement industry. Moreover, we look at the impact of different carbon pricing schemes on the decisions made 
by the Saudi cement industry. This paper assesses the effectiveness of policies to encourage the adoption of these 
alternative fuels in Saudi Arabia. 

Methods 
We employ a variant of the cement manufacturing optimization model in the KAPSARC Energy Model. The cement 
model is mostly described by KAPSARC (2016), with modifications to include tire-derived fuel (TDF), petroleum 
coke, more pollutant emissiona, and carbon pricing in this paper. The optimization is formulated as a linear program 
that is run in a perfect foresight fashion. Its objective function maximizes the profit of the entire industry. Four 
regions of Saudi Arabia are represented, allowing for the interregional domestic transfer of cement. The sector may 
either import product or produce cement for domestic use or exports. The model makes fuel use, other operational 
and investment  decisions to maximize its profit. As such, it takes the central planner approach. 

In addition to establishing a reference using the set of current policies, we examine three policy scenarios looking at 
the use of alternative fuels, the prospects of retrofitting support for cement plants, and easin price controls on fuels. 
We assess the investment and operational decisions made by the Saudi cement manufacturers, and the resulting 
emissions profiles for CO2 and pollutants. 

Results 
Some 95 million metric tonnes of TDF are used from 2019 to 2025 if fuel prices are kept the same. Having external 
financial support for the incremental investment required to use TDF raises its use by a factor of four over the 
planning horizon. This support does not, however, yield significant reductions in the marginal cost of production. 
TDF is only used to its full capacity in the Retrofit Support and the Liberalized Fuel Prices scenarios. It is not used 
when liberalized fuel prices are paired with carbon pricing schemes. Gradual carbon pricing brings about different 
intertemporal production decisions and large amounts of cement storage compared to the other scenarios. This 
intertemporal arbitraging is expected from cement producers if governments specify any kind of future gradual 
reform. Priced at the value at which Saudi exports it, petroleum coke is only used when fuel prices are liberalized. 

Conclusions 
Facilitating the use of TDF and petroleum coke would help alleviate the increased cost resulting from energy price 
reform without a carbon price. The marginal cost of producing one extra tonne of Portland Type I cement would be 
reduced by about 40% compared to a price liberalization scenario that bars the use of TDF and coke.  

All scenarios without carbon pricing produce 340 million tonnes to 380 million tonnes of total CO2 emissions from 
2019 until 2025. The advent of a constant carbon pricing scheme and fuel price liberalization results in 280 million 
metric tonnes of CO2. When both fuel prices are liberalized and a gradual carbon price is in place, 390 million 
metrics tonnes of CO2 is produced. This is due to the production of large quantities of cement and storing it for 
future years when the carbon price is highest. 

References 
KAPSARC. 2016. “The KAPSARC Energy Model for Saudi Arabia: Documentation of the model build called 
‘KEM-SA_v9.16.’” Last accessed July 13, 2021: https://www.kapsarc.org/wp-content/uploads/2016/11/KEM-
SA_documentation_v9.16.pdf. 

Alternative Fuels for Saudi Cement Manufacturing With Time-Varying Carbon Pricing 

Walid Matar, KAPSARC, Riyadh, Saudi Arabia, walid.matar@kapsarc.org 
Doaa K. Filali, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia  
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THE CONTRIBUTION OF NATIONAL OIL COMPANIES (NOCs) TO THE 
ENERGY TRANSITION 

César Baena, PhD 
EM Normandie Business School, France 

Professor of Strategy and Director of Post Graduate Programs 
+336 59364157 

cbaena@em-normandie.fr 
 

Oil companies are often criticized for not making enough efforts to curb carbon emissions and reduce 
environmental damage. However, the picture is quite different when analyzing the data on their efforts and 
strategic actions implemented to facilitate the transition towards renewable energy sources. 

The data (S&P Global) suggests that Oil Majors (ExxonMobil, BP, Shell, Chevron, TotalEnergies) fare better than 
National Oil Companies (NOCs) (Saudi Aramco, Gazprom, NIOC, CNPC, Rosneft, ADNOC, KPC, Sonatrach, 
QatarEnergy, Pemex, Pdvsa) in their efforts to reduce carbon emissions. However, when comparing the enormous 
reserves and production capacity of NOCs to those of the Oil Majors the impact of these private companies on the 
energy transition is limited.  

Together, the NOCs produce three-fifths of the world’s crude and half its natural gas; in contrast, Oil Majors 
produce just over a tenth -the remaining tenth is produced by a group of large international oil firms-. 

NOCs possess two-thirds of the reserves of oil and gas globally. Four of them (ADNOC from the 
UAE, Venezuela’s PDVSA, QatarEnergy and Saudi Aramco) hold enough reserves to continue producing at 
present levels for the coming four decades. 

In the current context where the oil barrel can reache unprecedented heights and where the demand for natural gas 
is significantly increasing, NOCs have received staggering amounts of cash. Despite this windfall, their record in 
decarbonization efforts is mostly poor.  Overall, according to the energy consultancy Wood Mackenzie, most 
NOCs are only allocating less than 5% of their capital spending to the energy transition, compared with 15% on 
average for American and European firms. Moreover, compared to Oil Majors, their record in filing patents for 
green projects has been disappointingly low.  

NOCs vary significantly in their strategies, management, and approaches toward the energy transition. The group 
includes highly mismanaged companies such as Venezuela’s PDVSA or Algeria’s Sonatrach as well as 
professionally run companies such as Saudi Aramco or Norway’s Equinor, both of which have implemented 
ambitious and example-setting strategies to transition to a cleaner energy.  

Also, interesting examples in their ambitious efforts toward renewable energies include Malaysia’s Petronas, 
Thailand’s PTT and Colombia’s Ecopetrol. A case to mention is China’s CNOOC and its strategy to peak carbon 
emissions by 2028 and make sure that non-fossil energy will make up over half its domestic output by 2050. 

Another interesting group of NOCs, especially those where oil reserves are diminishing, (eg.  UAE’s ADNOC), is 
using the current fossil windfall to move away from dirty energy and invest in clean sources.  

There is a key and unresolved tension between the need for NOCs to provide enough revenues for the state (its 
key shareholder) while implementing sound strategies to decarbonize its activities and comply with ESG 
principles. NOCs are responding in various ways to this challenge:   

� Investing heavily in decarbonization technologies including carbon capture, utilization and storage 
(CCUS), methane efficiency, zero-emissions production, and hydrogen 

� Redesigning business models to include development of renewables as a complement to oil and gas E&P 
� Pivoting strategic orientation towards energy-transition goals 
� Revisiting their geopolitical scope to curb transaction costs, improve value chains, and reduce exposure 

to high-risk areas  
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Another strategic path that NOCs could take is investing in infrastructure such as refineries in state-to-state 
partnerships. NOCs can use their political clout to develop infrastructure and increase efforts to advance in the 
decarbonization agenda across borders.    

Of critical importance is the impact of technological disruption on the decarbonization strategy of NOCs. Non-
fossil fuel-based technologies such as nuclear fusion, algae-based biofuels, fuel cells, to name a few, would have 
a positive impact on reducing carbon emissions, be in alignment with the circular economy and comply with the 
Paris-agreement goals of limiting yearly carbon emissions. 

The focus of this research is to analyze NOCs efforts, both technological and strategic, in easing the transition to 
low-carbon energy sources. The current context is highly propitious as NOCs, benefiting from the price windfall, 
have the means to put the energy transition at the center of their strategic development and invest in technology 
innovations for E&P activities as well as in various non-fossil fuel projects. 

This paper will look at data from selected NOCs and analyze their strategic actions to favor the transition to lower 
carbon-intensity activities. The analysis will specifically highlight the key role of Saudi Aramco in this transition, 
through a discussion of its research and development program, its carbon capture technology, and its large 
investment in the green-hydrogen futurist city of Neom. 

 

 

References 

Haytayan, L., Heller, P. et al. “National Oil Companies and Energy Transition in the Middle East and North 
Africa”. Natural Resource Governance Institute. February 2021. 

“How Can Governments, Oil and Gas Enterprises, and Research Institutions Collaborate to End Routine Gas 
Flaring?” KAPSARC, The World Bank. April 2022 

Johnston, R., Blakemore, R., Bell, R. “The Role of Oil and Gas Companies in The Energy Transition”. Atlantic 
Council. January 2020. 

Manley, David and Heller, P. “Risky Bet National Oil Companies in the Energy Transition”. Natural Resource 
Governance Institute. February 2021. 

“National Oil Companies: strategies for the energy transition”. Wood Mackinsey. March 2022. 

“The Oil and Gas Industry in Energy Transitions Insights from IEA analysis”. IEA. January 2020. 

“10 Cleantech Trends in 2022 Technologies to reduce emissions and confront climate change”. HIS Markit, 2022. 

Selected oil company annual reports.  
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Overview 

Climate change threatens people with food and water scarcity, increased flooding, extreme heat, disease, and 
economic loss. The World Health Organization (WHO) calls climate change the greatest threat to global health in 
the 21st century. Even if efforts to minimize future warming are successful, some effects will continue for centuries. 
Green hydrogen is indispensable to climate neutrality. It features in all eight of the European Commission’s net zero 
emissions scenarios for 2050. Hydrogen can be produced from diverse energy resources, using a variety of process 
technologies. These energy resource options include fossil, nuclear, and renewables. Hydrogen is a highly efficient 
and environmentally clean fuel and can be produced in a variety of ways. Hydrogen is a highly efficient and 
environmentally clean fuel and can be produced in a variety of ways. Currently, the most common methods are 
water electrolysis and thermochemical cycles. It is clear that the leading method for hydrogen production in the 
future is nuclear energy. In the article, Pressurized Water Reactors (PWR) integrated with Solar Power 
Concentrators (SPC) are studied to produce hydrogen. The main objective is to reduce carbon dioxide emissions and 
raise the economic viability of nuclear reactors. Throughout this research, the high thermal energy generated from 
the PWR assisted by the SPC is used to generate hydrogen for the sustainable development of smart cities. Where 
comparison was made between hydrogen production by water splitting electrolysis and the thermolysis by Cu-Cl 
cycle using 300 megawatts of electricity, which is a quarter of the product of the VVER-1200 reactor. The proposed 
PWR- SPC system provides high energy efficiency, improved safety, and secured energy. 

Methods and Results 
This work investigates how to produce hydrogen using nuclear power. Thermochemical water splitting uses 

high temperatures from concentrated solar power or from the waste heat of nuclear power reactions to produce 
hydrogen and oxygen from water. This is a long-term technology pathway, with potentially low or no greenhouse 
gas emissions.�Currently, the most common methods are water electrolysis and thermochemical cycles. It is clear 
that the leading method for hydrogen production in the future is nuclear energy. In the article, Pressurized Water 
Reactors (PWR) integrated with Solar Power Concentrators (SPC) is studied to produce hydrogen (Figure 1). 
Throughout this research, a case study of a VVER-1200 reactor is proposed where high thermal energy but with 
limited temperature is generated. SPC is used to increase the temperature to reach the target values. The Cu-Cl 
cycle, with a thermodynamic limit of 500 °C, has been proposed as a candidate for integration with the VVER_1200 
nuclear reactor. The Cu-Cl Thermochemical water splitting cycle has special working conditions that must be 
compatible with the studied system. Thermodynamic analysis of the reaction based on the equilibrium conversion 
and extent of reaction. Detailed thermodynamic modeling is studied to calculate the amount of heat needed to 
execute the chemical reactions which is 310.8 kJ/mol. Finally, the simultaneous production of hydrogen and power 
from nuclear plants will be reviewed from a technical point of view, and its future potential impact on the hydrogen 
economy will be evaluated. The Levelized Cost of Energy (LCOE) Approach is studied to evaluate the processes. 

 

 
Figure 1. PWR- SPC based Cu-Cl Hydrogen Cycle 

In order to produce 1 kg of hydrogen, 500 moles of each reactant should be used; we need 200 kg of ������ and 
9 kg of water. Other products of the cycle may be economically beneficial such as 8 kg of oxygen. To calculate the 

                                                                   

[POSTER TITLE] 
Economic Analysis of Sustainable Hydrogen Production from Thermolysis and 

Electrolysis Relying on Nuclear Power 
Ahmed E Salman, Radiation Eng. Dept. , NCRRT, Egyptian Atomic Energy Authority, Egypt, +201000480510, 
eng.ahmed8810@yahoo.com 

Ashraf Aboshosha, Radiation Eng. Dept. , NCRRT, Egyptian Atomic Energy Authority, Egypt 
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economic feasibility of hydrogen production via the nuclear industry precisely, we should take all products into 
consideration. In this study, 300 MWe from the reactor is used in the thermal phase (approximately 803 MWth) and 
����������	�
��������������������������������
��	��	�������	�
����������������	�������-salt auxiliary cycle is 
��������� ��� ��� ����	����� ��� ���� ��	������� ������	��� ������ �����
�� ����
����!� 	��� �������	������ ��� ���� ��	�������
����!��� ���� 	
"���	��� ������� ��� ����!���� ��� �����	��� ���� ������	�
��� ��� ���� ��#
����� ������ ���� �����	�� ����!��
should be translated to the auxiliary system also.�The proposed system is studied to generate 14 tons of Hydrogen, 
and 112 tons of Oxygen. � moles of each reactant should be used. In a weight study reactants of 126 tons of 
water and 2800 tons of ������ should be used as reactants. The net required energy to complete the reactions equals 
310.8 kJ/mol which was calculated using a designed thermodynamic model. On the other hand, a typical seawater 
reverse osmosis plant can be used also, however it consumes 3:10 Kw.hr of electric energy to produce one cubic 
meter of fresh water.  

In this study, parabolic trough Collector is used for the SPC 
plant. Molten fluoride salt type LiF-NaF-BeF2 with molar 
composition of 31-31-38 is used because of its low melting 
temperature (315�) and high boiling point temperature 
( 1000�). Therefore we can use it to transfer heat in high 
temperature rates without any problems. Figure 2, represent a 
simple-completed model of the SPC plant. Finally and after 
calculating the energy, flow rates, losses, and solar calculations 
using LS-2 parabolic trough solar collectors, we can obtain the 
real value of the produced thermal heat in the plant. So, the total 
number of concentrators can be calculated, which contains 2430 
branch, where each branch contains 18 modules in this study. 
The concentrators will be used to increase the temperature of the 
Molten-�	��� ��
��� 
�� ��� ����� 	�� 	� ��
��	�� ����� ��� ����
���
hydrogen using thermolysis. 

Conclusions 
The hydrogen economy is a progressive multi-decadal project which is gradually in transition to the marketplace and 
is expected to be fully commercialized within a decade. Electrolysis is a promising option for hydrogen production 
that uses electricity to split water. However, green Hydrogen is still a high cost to generate using electrolyzers. 
Thermochemical water splitting cycles for hydrogen production are being investigated for more than fifty years as a 
long-term, large-scale hydrogen production method. In this study, the copper–chlorine cycle (Cu–Cl cycle) is used 
for the production of hydrogen. Cu-Cl cycle is promising in terms of hydrogen production cost and capability of 
integration with relatively low-temperature industrial waste heat. Cu–Cl family of thermochemical cycles are highly 
regarded as promising options for integration with nuclear reactors due to the high efficiency and capability for 
integration. A Comparison between Cu-Cl thermochemical cycles and Electrolyser is performed in this study from 
energetic, energetic, economic, and environmental points of view. Thermochemical cycles are not yet seen as cost 
competitive compared to the conventional methods while a proper integration with concentrated solar or nuclear 
reactors is necessary for further improvement. Finally, considering that LCOE for every KWh thermal energy 
produced by the PWR is approximately 2 cents. Hydrogen production rate should be taken into consideration where 
just 55.63 kWh is enough in this study to produce 1 Kg of Hydrogen and 8 kg of Oxygen. The study results that the 
cost of Hydrogen is aimed to be approximately less than $1/KgH2. However, the cost of hydrogen can range from 
~$4 to $6/kg-H2 with electrolysis. 

References 
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Overview 
       Sustainable Energy transition in Transportation (SET) is shifting away from petroleum-based fuels in mobility. 
Transportation is a major contributor to the global green-house gas emissions and a key sector in achieving climate change 
mitigation targets. SET impacts various sections of economy, particularly oil and gas producers are highly affected, due to 
the fall in the demand of oil and gas. However, the progress of SET is dissimilar among the countries, growing economies 
like India are expected to be the demand centres for the petroleum fuels in coming decades. For the low-cost oil and gas 
suppliers like MENA countries, India will become a major market, to compensate the loss of demand in the erstwhile 
markets (Dale & Fattouh, 2020) (Luciani & Moerenhout, 2020). National Oil Companies (NOC) in developing economies 
like Oil and Natural Gas Corporation (ONGC) of India, a fortune 500 company, will face the increased competition. There 
will be a conflict with the national governments who give energy security high priority over commercial interest of NOCs 
and to some extent over the fall in the pay-outs from NOCs to exchequers. Even in moderate growth of SET, price 
volatility and challenges to find new discoveries, necessitates the shift in strategy. For higher oil &gas price scenarios, the 
balance of payment pressures of their owner nations will make NOCs to find new and difficult reserves, these assets will 
face the threat of stranding in future downturns, nevertheless SET will make permanent impacts unlike general commodity 
cycles. Furthermore, sooner or later low resource base nations also give priority for SET which further shrinks the oil & 
gas market.  
Present study focuses on strategic implications of SET on the ONGC’s competitiveness, strategic position of ONGC and 
strategic options available to the company. ONGC’s strategic positions is compared with that of CNPC (China National 
Petroleum Corporation) and KNOC (Korean National Oil Corporation. This study will be useful for the strategic planning 
of NOCs. Literature on strategic management of NOCs focuses mainly on the implications of energy transition on NOCs of 
major oil producing nations and their social contract obligations. Studying the impacts on NOCs of energy importers will 
be a useful addition to the strategic management literature as well as climate change and energy literature, present study is 
expected to be a significant contributor in that effect. 

Methods 
Scenario analysis is used to find drivers and inhibitors of SET in India and around the world. As the exact quantitative 

projections are impossible to make, one can get direction of growth from the scenario analysis. Projections vary among 
various organisations, comparisons can be made for the possible impacts on the case under study. Company’s prospective 
plans are analysed in the context of SET for the coming decades. Strategic position as well as strategic options in the low-
price regime are analysed in grounded theory methodology. The NOCs need to adopt strategies both for improvement in 
their oil & gas business as well as greening their portfolio. So, the strategies both for oil & gas business as well as 
diversification into green business are taken into consideration. As projections SET growth are different among the various 
studies, impacts are modelled for ONGC in three different scenarios namely, 1. Business as usual- current EV growth 2. 
Low EV growth in India and High EV growth in rest of the world. 3. High EV growth in India and rest of the world. For 
each scenario a simple merit order supply model for India is made, where ONGC and low-cost competitors are main 
competitors. Furthermore, quantitative prediction is modelled by applying various scenarios of the strategic options on the 
financial outcomes for ONGC. Data is obtained from the primary, secondary literature, which is available in public 
domain, financial data is taken from the annual reports of the company. 

Results 
Scenario analysis of impacts on ONGC: 
       ONGC’s profits are highly correlated with the crude oil price as oil market are liberalised and Gas prices are still under 
administrative control in India. ONGC’s capital expenditure & production volumes are almost constant over the years.  
Worldwide oil demand decline is dependent on the growth of SET, however, impacts on ONGC are analysed in three 
different scenarios, 
1. In the business-as-usual scenario India’s SET (Electrical vehicles (EV) can be used as a proxy to SET) growth is 
moderate compared to regions like Europe. ONGC’s profits will stay in accordance with the growing oil demand and price 
of oil. Strategies improve oil & gas business are important in this regard. As per the concept of “stock effect” the marginal 
cost will increase with cumulative production (Cynthia & Gernot, 2007), marginal cost of new barrel addition will rise, 
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which is a challenge to achieve ONGC’s targets of doubling the production (ONGC target for 2040). 2. In Low EV growth 
in India and High EV growth in rest of the world scenario, India’s oil demand grows but due to the fall in demand in the 
world market, low-cost producers to save their volumes in the world market, will shift to Indian market, which will reduce 
the oil prices. Profits of ONGC will decrease because ONGC’s supply stays at the same level, as it struggles to increase the 
supply. Company must find low-cost reserves and reduce the cost of production to protect itself in the low-price 
environment. 3. In High EV growth in India and in rest of the world scenario, Oil demand will get drastically reduced, 
India will show some demand, ONGC keeps its market share. International supply will compete for the rest of the market 
share, which ONGC is unable to serve. Indian demand reduction will result in lower price level from the business-as-usual-
level but the competition with the international supplies will further reduce price levels, if low-cost producers try to prefer 
quantity over prices to keep their market share intact. ONGC needs to protect its market share from the imports. Low oil 
prices bring relief to government but ONGC will see its balance sheet shrink, this scenario necessitates ONGC to diversify 
towards green energy. 
 
Strategic position &options of ONGC and comparison of selected NOCs:  
ONGC is exploring collaborations with various firms and academic institutions to progress in its two-part strategy in oil & 
gas and diversification (Ugal, Nishant, 2021). ONGC profits are highly co-related with oil price, which is well recognised, 
but the strategies for low oil price scenarios are not made as a thrust area. Global analytical firms give much importance of 
impacts of low oil prices on oil companies and proposes strategies (Filipe, Scott, Kassia, Giorgio, & Pat, 2020) 
(Christopher, Scott, & Jannik, 2016). ONGC, CNPC and KNOC face similar issues, they will face growing challenges in 
fulfilling their core mandate as domestic resources gradually decline, and the energy transition poses new threats. Their 
strategies are also similar, like efficiency improvement, adaptation of technologies. A limited resource base and relatively 
high production costs at home suggest that the NOCs will have to look abroad. These NOCs may have to compete among 
themselves in overseas expansion, However, the increased competition may drive valuations of assets and increase the 
threat of disadvantaged assets. These NOCs have not announced dramatic strategies for diversification, but are taking steps 
to align with state goals. NOCs need to cut their own emission(scope1&2) before making any additions to their portfolios, 
this will help in capital access. Policy analysis of respective governments do not suggest that the state will support dramatic 
moves by the NOCs away from their core business. NOCs need to build up campaign to reposition their brands in green 
energy by creating narrative and with minimum resistance approach with the respective governments.  
Strategic options: For low oil price regimes, some of the following strategic options can be explored. Business model 
innovation like partnerships with resource rich NOCs, as the resource NOCs will compete for the Indian market, they are 
exploring long-term partnerships with Indian firms (Bhatt, Mollet, & Roychoudhury, 2019). For ex. ONGC, in partnership 
with cheaper producers can switch crudes in response to prices for its refineries. Volume improvements through improved 
efficiencies, technology adaptation, digitalisation (WEF & Accenture, 2017). Accelerated monetisation of proved and 
unconventional assets, to avoid cost over-runs and the high-cost projects vulnerable in the era of low oil prices (Ugal, 
Nishant, 2022). Furthermore, for GOI has concern over the losing forex, pressurises ONGC. High priority should be given 
to bring the barrels on-line from the explored fields. Windfall profits, from the heyday should be earmarked for the said 
purpose. Unconventional resources should be developed quickly. The natural gas seen as a bridge fuel for the growing 
economies, so far, the development of gas economy not fruitful in India. Low price realization of gas for oil & gas 
companies discouraged the development of gas fields. Liberalization of gas prices and marketing reforms are right steps in 
the direction of development of gas economy (CCEA, 2020), which will give strategic advantage to ONGC to substitute 
losing revenue from oil. Diversify into green technologies associated to oil & gas as initial step for diversification, 
venturing into green energy vectors in which ONGC will have an advantage, like Hydrogen, CCUS (carbon capture 
utilization and storage), offshore wind etc. with the advantage of pipeline network, offshore expertise and experience in big 
projects. Remote locations assets (stranded gas) can be brought on line by developing small power generation projects, 
which in turn will give an advantage of experience in developing green power generation. A simple model is made for the 
returns on capital employed for ONGC with various scenarios of oil price decline and percentage diversification. The 
model gives the result that due to lower returns from green energy, high fall in the oil price has huge impacts even in high 
diversification, faster diversification in moderate fall in the price will reduce the impacts of oil price drop.  

Conclusions 
      Sustainable energy transition impacts oil and gas producers worldwide. National oil companies of oil importing 
growing economies face dilemma of energy security for their nations and increasing value from diversification. NOCs face 
constraints from the government policies. Due to the inefficiencies and increased competition in the sustainable transition, 
ONGC’s profitability will be highly co-related with the path of EV growth in India and the world. This study depicts 
ONGC’s market competitiveness in the various scenarios and focusses on the strategic position and plausible options in 
comparison with similar NOCs. The energy transition is a non-linear systemic shift, impacts of which will be visible after 
formation of critical mass, so the strategies should look beyond the current necessities. The present study shall make an 
addition to the strategic management literature and public sector enterprise literature. There is a scope for future studies by 
improving the model in the present study with additional variables and deep data analytics.  
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Overview 
In this paper, we examine the effect of co2 emissions and economic governance on financial inclusiveness in 

selected African countries from 1996 to 2020. It also investigates the moderating role of economic governance on 
the association between co2 emissions and financial inclusiveness. We collected five-year average data from various 
sources such as the World Development Indicators and the World Governance Indicators. Economic governance is 
measured by two dimensions: government effectiveness, regulation quality. The financial inclusiveness variable 
reflects the depth, access, and efficiency of financial institutions and markets.  

 

Methods 

For the analysis, we use the Generalised Methods of Moments (GMM) model. The use of this model is motivated by 
several reasons (Tchamyou, 2019a). The first condition is related to the number of cross-sections that exceed the 
number of periods within each cross-section.  The research is dealing with 49 countries for a period of 24 years 
(1996-2020). Second, the independent variable is persistent because its correlation with its first lag is high. Third, 
cross-country differences are taken on board given the panel nature of the dataset. Fourth, endogeneity is addressed 
because simultaneity or reverse causality are challenged with an instrumentation process. 

The following equation in level 1 presents the GMM estimation used in this paper: 
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Where ����� represents financial inclusiveness of country i  in period t, �	 is the constant, CO2 is the co2 gaz 
emissions, GOV enclose the economic governance indicators, CGOV symbolizes the interaction between CO2 gaz 
emission and economic governance measures. The vector X represents control variables ( technology and 
infrastructure indicators). �� is the time-specific constant, ��is the country-specific effect and ����t the error term. 

Results 
Our results show that economic governance regulates co2 emissions to have a positive impact on financial 

inclusiveness in African countries. In fact, the government effectiveness dimension positively impact the financial 
inclusiveness and this effect is strengthened by the interaction with co2 emissions. For the regulation quality 
dimension, the same effect is observed. We also find that infrastructure and technology positively impact financial 
development. 

Conclusions 
Our results can potentially assist regulators and policy-makers in achieving Sustainable Development Goal 13 
“Climate action”. Our findings will offer more motivations for regulators around the world to reduce co2 emissions 
and improve their economic governance as it help countries in developing their financial markets. 
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Saudi Aramco: Company General Use 

 

Overview 

Stimulus packages, which had an impressive focus on climate, implemented by governments to rescue the economy 
from destruction brought about by COVID-19 and the Russian invasion of Ukraine in February 2022 have 
contributed to the acceleration of energy transition in key energy consuming nations. Along with it is an implied 
peak oil demand in the foreseeable future. The concept of peak demand has been raised numerous times, even pre-
COVID-19. In 2018, Spencer Dale (BP’s chief economist) and Bassam Fattouh (Director of OIES) said “The 
significance of peak oil demand is that it signals a shift from an age of perceived scarcity to an age of abundance”.  
So, what does this mean for oil supply, and consequentially oil price, in the long term? The natural assumption 
would be that once demand peaks, there will be a surplus of supply resulting in declining oil prices. But will that 
really be the case? The objective of this paper is to take a closer look at the fundamentals and factors that will shape 
future oil supply and price.  

 
The conclusion from this paper is that long-term oil price support is essential given the need for continued greenfield 
investment, even in a climate friendly scenario, as the rate of fundamental oil supply decline exceeds the rate of 
demand decline. Downside risks to future supply due to increasing cost and declining oil and gas (O&G) investments, 
which will be exacerbated by energy transition, could in turn provide upside to long-term oil price. Steep withdrawal 
of investments from the upstream sector that is not aligned with global oil demand trajectory, will result in gaps in 
demand-supply that trigger high and volatile oil prices. 
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Energy transition is no longer the same idea it used to be

Dr Sami Alnuaim, 2019 President of the Society of Petroleum Engineers International, Energy Columnist 
and Social Media Energy Advocate. Dhahran Saudi Arabia, Neaimsa@yahoo.com 
__________________________________________________________

Abstract 
Since the beginning of the Industrial Revolution, almost two centuries ago, the economic growth and 
human prosperity indices have been directly linked to global energy security (1). Since then, the global 
energy scenario has been dominated by fossil fuel, currently representing more than 80 percent of the 
global energy mix, with oil and gas reaching almost 53-55 percent (2). The global energy demand has 
also been rising proportionally to the micro and macro-economic growth and human prosperity (1). With 
it, Methane and Carbon Dioxide emissions have been rising, inducing a global environmental and health 
challenges. Today’s definition of Energy Transition is calling to stop investment in oil and gas exploration
& development without offering any reliable and sustainable energy alternatives, imposing a huge 
economic, geopolitical and social threats, putting the unprecedented economic, human prosperity and 
life style improvement witnessed in the 20th and 21st centuries at high risk. Adding to this, the world needs
more energy to support the must-to-grow global economy, social development and global energy access, 
especially in poor high populated geographical areas such as Africa and South East Asia (3). Today’s 
Energy Transition concept, driven mainly by extreme environmental agenda, combined with the
unrealistic petroleum forecasts studies (4) projecting incorrect oil-demand peak have resulted into the 
current energy crises in Europe and high global energy prices. Hence, promoting the change of the 
current Energy Transition’s definition to a new definition such as Energy Advancement or Energy 
Enhancement is important. This new definition calls for all energy sources, with no exception, to grow 
and reduce their environmental footprint, where reaching net-zero Methane & CO2 emissions become a
must. To solve the current and similar future energy crises, the world must develop and implement a road 
map to implement this new Energy Advancement strategy using practical and just policies, technology,
best practices and effective energy-conservative social behavior. Through this new definition, a new 
global Energy Security and Energy Sustainability models need to be developed and implemented. The
road map must be supported by significant emission reduction investment and multi large-scale initiatives 
including Carbon Capture, Gas in Power, Renewables in Power, Hydrogen, Energy Efficiency, Carbon 
Circular Economy, Crude to Chemicals, Energy Conservation, Social Behavior, Afforestation and 
Deforestation-Control. There is also a need to promote more constructive global energy dialogue 
between current energy producers and consumers (internal and external stakeholders) instead of the 
current repulsive energy debate. Other emitting industries that currently contribute to the global Carbon 
and Methane emissions must be included in the dialogue and accountability. Last, promoting more 
international R&D and technology-development collaboration is evident.
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Overview 
This paper empirically examines the symmetric and asymmetric impact of oil price shocks on the economic 
performance of Gulf Cooperation Council countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United Arab 
Emirates). The study is carried out using the panel vector autoregression (P-VAR) framework and has focused on the 
causal relationships between real oil crude prices, real gross domestic product (GDP) of GCC countries, real GDP of 
GCC trading partners, real fiscal balance, inflation and real interest rate over the period 1980-2019. To assess the 
asymmetric effect of demand-driven and supply-driven oil price shocks on the key macroeconomic variables of GCC 
countries, we estimate the P-VAR model in two versions using different specifications for oil price shocks. The first 
one was symmetric (all oil price shocks) and the second was asymmetric discriminating oil-supply disturbances (Oss) 
from oil-demand shocks (Ods). Based on the estimated two versions of P-VAR model, the impulse response functions 
(IRFs) were computed using the orthogonalized disturbance from the moving average version of each P-VAR model.  

The IRFs obtained from the symmetric version of P-VAR model (Baseline specification) indicate that positive oil 
price shocks (OP) lead to significant increases of fiscal balance (FB) in the short/medium-term and imports (IMP) in 
the short-term in the sense that GCC countries’ oil revenues are partially recycled into demand for goods and services.  

Trading partners’ output gap shock (POG), representing the foreign demand addressed to GCC countries, has positive 
effect on output gap and inflation in GCC countries in the short-term. In this context, monetary policy reacts to the 
inflation pressures coming from output gap shock (POG) by increasing interest rate (IR) which implies consequently 
the fall of oil prices (OP) in the short run. As the oil prices decrease (OP), the fiscal balance in GCC countries is 
expected to be negatively impacted in the medium run. The POG shock do not affect imports in the GCC countries.  

GCC domestic output gap shock (OG) impacts positively fiscal balance, imports and domestic inflation in the short 
run. The increase of GCC output (OG), which indicates an excess of GCC oil supply, impacts negatively oil prices 
(OP) in the short run. Under such conditions, the output gap of GCC trading partners (POG) reacts positively and 
increase at the same time. Monetary policy is expected to decrease real interest rate (IR) by keeping policy rate constant 
after one year in order to react firstly to the fall of oil prices. Secondly, monetary policy is expected to increase interest 
rate in the long-term in order to react to the inflationary pressures coming from (POG). 

The IRFs calculated from the second version of our estimated P-VAR model (alternative specification) illustrate a 
differentiated effect of oil price shocks, in terms of level and time lag, on fiscal balance and imports. In fact, fiscal 
balance and imports are more sensitive to oil price supply shock than oil price demand shock. Inflation reacts positively 
to the oil demand shock in the short run and negatively to the oil supply shock in the long run. Monetary policy reacts 
positively to the oil supply shock by increasing interest rate (IR) and remains neutral in the surge of oil demand shock. 

We find strong evidence on asymmetric impacts of oil price shocks on macroeconomic activities in GCC countries 
and their partners. In fact, the reactions of output gaps of GCC countries (OG) and their partners (POG) to ’all’ oil 
price shocks under the symmetric specification of P-VAR model are mitigated. However, using the asymmetric 
specification, we find evidence that OG and POG react positively to oil demand shock and negatively to oil supply 
shock. The results of this study show the importance of the source of oil price shock regarding their macroeconomic 
implications for GCC countries and their partners. 
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The paper therefore not only gives direct evidence of the differentiating impact of demand-driven and supply-driven 
oil shock on GCC countries and generally the oil-producing countries using P-VAR framework that is novel in the 
literature, but also suggests, as policy recommendation, that the use of fiscal policy tools to reduce the extent of 
negative oil price shocks on economic activity in GCC countries should be appropriate and adapted to the source of 
the oil price shock. According to our empirical results, the effect of supply-driven shock is more persistent on fiscal 
policy than demand-driven shock. This indicates that the tightening of oil market using a common production strategy 
(OPEC+) can boost in a sustainable way the fiscal policy in GCC countries. Also, the finding suggests that the reaction 
of monetary policy in GCC countries can be contractionary during the time of oil supply price shock and neutral or 
expansionary in the presence of oil demand price shock. In a future work, it will be interesting to assess do floating 
exchange regime matter in the asymmetry demand/supply of oil shock transmission mechanism by investigating the 
case of a group of non-opec exporting countries (including Russia, Canada, Norway, Mexico, Brazil). 
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Overview 

The increased use of energy leads to an increase in energy-related emissions. It is important to maintain�Emissions 
from electricity generating units are under control by regulating the carbon footprint. Demand response (DR) refers 
to the modification of the consumption pattern on the part of the end consumer in a variety of ways and techniques. 
DR software has been developed to increase electrical system reliability by reducing peak hour loads. DR can provide 
economic efficiency and environmental benefits. This paper reviews the network in Saudi Arabia from generation to 
consumption and studies the economic and environmental effects of peak load before and after the application of a 
demand response program. 

Methods 

Designing a demand response program from an environmental and economic perspective, and using tools to reach the 
results. 

Load data: 

The loads will be used in Saudi Arabia for 2018, which was�Approved by the annual report of the Water and 
Electricity Regulatory Authority[1]. The data was�Extracted from the graph for download through the program 
(getdata Graph Digitizer) and�The maximum value for each month was taken to work out the worst and highest load 
value ineach month, which will reduce the value of each month's peak loads by 5%�Figure1�shows the peak 
consumption curve for each month of the year before and after the DR. 
 

 
 

                                                                   

[DEMAND RESPONSE PROGRAM DESIGN: ENVIRONMENTAL AND ECONOMIC 
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1- Environmental perspective: 

The environmental perspective section contains data on environmental carbon emissions�dioxide before and after 
application of the demand response, and contains miscellaneous� environmental data showing the environmental 
impact of electrical energy consumption� before and after the demand response program, as well as comparing 
emissions before�and after. 

2- Economic perspective: 

The section contains cost-benefit analysis of generation, transmission and distribution�of electricity based on the value 
of the load, by applying the laws of cost-benefit analysis. The construction and operational value of the stations is 
included in the calculation. 

Results 
The results shown in the table1 are a summary of what was provided economically and environmentally through the 
tools and equations that were used in each perspective. 
 
 

���������� ��	
���
Energy Saving(kwh) 20868336 
Peak Demand Saving (MW) 28.56 
Metric tons Co2 Reduced 9036 
Cost Saving (SAR) 4257140.544 
Barrels of Oil Saving 28608 

 

Conclusions 
At the conclusion of the project, find that the demand response is economically and environmentally feasible, 
especially in the consumption network in which it grows like the Kingdom of Saudi Arabia. The demand response is 
environmentally feasible by reducing 28.56 MW and saving 9036 Metric tons of CO2. The demand response is 
economically successful by reducing the total cost by 4257140.544 SAR and saving 28608 barrels of oil. The difficulty 
and challenge were in collecting accurate data on the network and the load.Through the results of the study, it was 
found that the demand response is feasible, but it faces several challenges and incentives to implement them exceed 
the challenges. In the future work of the project, we will work on implementing all demand response programs on 
network in the Kingdom of Saudi Arabia and determining the most appropriate program of demand response programs 
to be implemented. 

References 
[1] ECRA Statistical Booklet 2018, Electricity & Cogeneration Regulatory Authority, Available: 

https://ecra.gov.sa/ 
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Overview 
With the development of climate policies and various barriers to carbon-intensive products (for instance, the 

Carbon Border Adjustment Mechanism in the EU) in traditional energy importing countries, the carbon footprint of 
hydrocarbon products started to gain an increasingly crucial role, influencing the competitiveness of the key energy 
exporters. The rapid expansion of renewable energy sources and the creation of a new market for hydrogen is expected 
to have a negative impact on the demand for traditional energy sources. This research focuses on one of the methods 
of managing emissions in the energy sector – the evolving practice when traditional hydrocarbon producers are 
introducing carbon-neutral versions of conventional products: carbon-neutral oil and carbon-neutral natural gas 
(mainly LNG). 

The carbon-neutral LNG market is new, but still much more developed than carbon-neutral oil or LPG and 
condensate. Despite being quite a new phenomenon (the first carbon-neutral LNG cargo was announced by Shell in 
June 2019), the carbon-neutral LNG market is rapidly developing. As of August 2022, 32 such cargos were supplied 
worldwide, with Asia as a leading destination. However, despite the boom of carbon-neutral cargoes in 2021, this 
nascent market experienced a significant shrinkage in 2022, with only one cargo delivered and no new deliveries 
announced. In this research, we discuss the reasons for this drastic decrease, which go far beyond economics and 
geopolitics. 

In this work, we show that the carbon-neutral hydrocarbons market faces some significant challenges. Among 
them is the lack of established standards on what to consider a carbon-neutral cargo, how to achieve its carbon 
neutrality, how to measure the emissions, to report and verify them. Despite multiple possible ways to manage 
emissions (e.g. introduction of such technologies as carbon capture, utilization and storage (CCUS), energy efficiency, 
or direct air capture (DACC), so far all carbon-neutral LNG and oil cargoes used carbon offsets as a method of 
achieving carbon neutrality. These challenges lead to a lack of transparency in the market and, as a result, a lack of 
credibility, which becomes a barrier to its expansion. 

In this research, we achieve several targets:  

� Describe current practices established in the carbon-neutral hydrocarbons market 

� Show what standards are needed for the market to expand 

� Produce estimates for the cost of a typical carbon-neutral LNG and oil cargo under different methods 
used to achieve carbon neutrality (offsetting with carbon credits VS introducing CCUS) 

� Discuss the impact of the introduction of different approaches to managing emissions on the rebalancing 
of the traditional supply curves in the LNG and oil markets. 

The rationale behind the research is to quantify the impact of carbon policy on hydrocarbon value chains in the 
hydrocarbon trade. Regulations to decarbonize the oil and gas sector are expected to impose additional costs for 
producers and consumers. The aim of the study is to understand the implications of carbon-neutral hydrocarbon 
cargoes and generate a new “energy map” under these conditions. Applying different approaches to mitigating 
emissions from fossil fuel products can lead to different outcomes for the economics of future carbon-managed 
hydrocarbon markets. 

                                                            

CARBON-NEUTRAL LNG AND OIL: THE FUTURE OF HYDROCARBONS IN THE 
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Methods 
In the first stage of research, we use the case study method to describe the current practice in the carbon-neutral 

trade of hydrocarbons. Simultaneously we scrutinize the role of existing carbon regulation and carbon offsetting. This 
helps us understand the parameters for potentially acceptable “carbon neutral” products, identify the technologies that 
can contribute to carbon neutrality, and the implications for supply chains. 

In the second stage, we explore the consequences of carbon regulation for the LNG and oil market. We generate 
scenarios around the potential costs of carbon offsets and CCUS in different regions and use Nexant’s World Gas 
Model to analyze possible restructuring of the LNG market due to the introduction of obligatory carbon regulation. A 
new LNG supply curve under different scenarios of carbon prices is produced. 

 

Results 
We show that under current conditions rebalancing of the market is unlikely as “carbon neutrality” status for 

cargos is derived from the cancellation of carbon credits, issued from similar projects based in developing countries.  

Future pricing is highly dependent on rules in the market. Because there is a lack of rules, producers seek the 
cheapest ways to offset emissions that don’t affect the market. Currently, purchasing the offsets adds only up to 6% 
of the total cost of an LNG cargo. 

Due to these reasons, such cargoes can be price competitive, especially under current market price conditions. 

Only after changes in rules (e.g., if an obligation to offset emissions where production or consumption takes place 
is introduced) reconfiguration of price structure and supply chain of carbon neutral LNG or oil will occur. 

 

Conclusions 
The research highlights multiple challenges existing in the carbon-neutral hydrocarbon markets – such as the lack 

of standards on what is “carbon neutrality”, how to achieve it (what emissions and from what elements of the value 
chain need to be managed, who – the buyer or the seller is responsible for it. These challenges prevent the market 
from developing and decrease its attractiveness to potential investors and clients. However, in case recently developed 
standards (for instance, the joint methodology developed by Pavilion Energy, Qatar Energy, Chevron, and a 
methodology proposed by GIIGNL) manage to become universal, the market of carbon-neutral hydrocarbons could 
compete with conventional hydrocarbon products over the coming decades. Moreover, global emission mitigation 
targets of the countries and companies are still in place, and solutions to cut emissions will be a priority, especially 
after a weak performance in 2022. Once natural gas prices are normalized, importers will most likely focus again on 
their climate pledges, highlighting the benefits of carbon-neutral hydrocarbons again. 
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Overview 
Azerbaijan is known as a resource-rich country. Furthermore, as IEA defines, the country has “one of the 

highest energy self-sufficiency ratios in the world.” As of 2021, the percentage share of oil and natural gas in the 
primary energy consumption of the country is 28 % and 69 %, respectively (BP, 2022). Put differently, 97 % of 
energy consumption is based on fossil fuels. The total proven natural gas reserves of Azerbaijan are 2,5 trillion cubic 
meters, and with the current rate of production, these reserves will be depleted in 96 years. Most recent data from 
IEA provides a breakdown of the sectors in the natural gas consumption; the residential sector makes up 65 % of the 
total, whereas the industry’s share remains at 19 % (IEA, 2022). Besides, the residential sector is traditionally the 
largest final energy consumer. Since no coal is used in the total energy consumption, the declining share of oil in the 
total energy mix paves the way for a bigger role for natural gas. It mainly stems from electricity generation. Over 90 
% of the electricity in the country is generated in natural gas-fired power plants.  

In the Azerbaijan case, even though Hasanov et al. (2017) examine energy consumption – growth nexus with 
panel data, including Azerbaijan, they do not provide disaggregated approaches, including natural gas. Furthermore, 
in terms of environmental impacts by employing ARDL, FMOLS, and DOLS models, Gurbanov (2021) finds that in 
Azerbaijan’s case increase in the share of natural gas in the total energy mix decreases CO2 emission per capita.  

When it comes to the export potential of a country EU seems to emerge as a big buyer. European Commission 
classified the Southern Gas Corridor (SGC), which is planned to transport Azerbaijan gas to Europe, as a Project of 
Common Interest (PCI) (EC, 2019). A Memorandum of Understanding (MoU) entitled Strategic Partnership in the 
Field of Energy was signed between Azerbaijan and the EU commission. Put simply, Azerbaijan will keep 
increasing its natural gas exports. Deliveries of natural gas exports to the EU have been 8.1 billion cubic meters 
(bcm) in 2021 and are expected to reach 12 bcm in 2022. With above mentioned MoU, Azerbaijan committed to 
double the previously announced capacity of SGC and deliver at least 20 bcm of natural gas by 2027 (EC, 2022). 
Since natural gas is considered as greenest fossil fuel and the export potential of Azerbaijan is pretty much 
appreciated by big buyers like the EU, it is quite timely to estimate the income and price elasticities of natural gas 
consumption and investigate the potential of a country to export more.  

Methods 

The unit-root properties of variables are exercised via the Augmented Dickey-Fuller (Dickey and Fuller, 1981, 
ADF) unit root test. To assess the long-run relationship between the variables, we utilize the Engle and Granger 
(1987) and the Bounds (Pesaran et al. 2001; Pesaran and Shin 1999) cointegration tests. For estimating the 
relationships between the variables, we have utilized a set of estimation techniques for robust results. Namely, we 
have used the General to Specific (Gets) modeling approach (see Hendry and Doornik, 2014; Doornik and Hendry, 
2018, among others), the Bounds Testing Approach to Autoregressive Distributed Lagged models (ARDLBT, 
Pesaran et al. 2001; Pesaran and Shin 1999), the Structural Time Series Modeling (STSM) approach (Harvey, 1989), 
the Fully Modified Ordinary Least Squares (FMOLS) method (Phillips and Hansen, 1990), the Dynamic Ordinary 
Least Squares (DOLS) method (Saikkonen, 1992; and Stock and Watson, 1993), and the Canonical Cointegration 
Regression (CCR) (Park, 1992) method. 

Results 

The unit root test concluded all the variables to be integrated in the first order. This allows testing the 
variables for sharing a common long-run trend. The used cointegration tests both concluded the existence of a 
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cointegration relationship. After concluding the presence of the cointegration relationship between the variables of 
interest, in the next step, the long-run relationships are handled using the techniques mentioned in the Methodology 
section. The long-run estimation results are provided in Table 1. As the table shows, all used estimation techniques 
produced quite similar results. The signs of the coefficients of income and price variables are in line with the 
theoretical expectation, being positive for income and negative for price.  

 
Table 1: Long-run estimation results 

variable  Gets  ARDL  STSM  DOLS FMOLS CCR 

           
gdppc  0.791***  0.816***  0.772***  0.730*** 0.794*** 0.779*** 
price  -0.110***  -0.118***  -0.100***  -0.161*** -0.093* -0.088a 

           
Notes: gdppc=real per capita GDP, in logarithmic form; price=real price of natural gas, in logarithmic form; “***” and “*” 
stand for rejection of null hypothesis at 1% and 10% significance levels, respectively; a=it is significant at 14 % significance; in 
Gets, ARDL BT, DOLS approaches, maximum lag is set to 2. In Gets, the optimal lag is chosen based on the Autometrics 
machine learning algorithm and the number of diagnostic tests, while for the ARDL BT and DOLS, it is determined based on 
the Schwarz criterion. In STSM, the maximum lag is set to 2, and the optimal lag is chosen based on the Schwarz criterion and 
the number of diagnostic tests. 

Source: Estimation results compiled by authors  

Conclusions 
Regarding income and price elasticities of natural gas consumption, this study finds relevant elasticity 

coefficients and estimates the potential room for natural gas exports. All utilized estimation methods concluded the 
long-run income elasticity to be around 0.8, while the long-run price elasticity is around -0.1, except for the ARDL 
results. This means that, in the long run, all other circumstances being the same, a 1 % increase in income, on 
average, increases per capita natural gas consumption by 0.8 %. In a similar vein, a 1 % increase in price, on 
average, decreases per capita natural gas consumption by 0.1 %. As Mikayilov et al. (2018) put it, energy intensity 
in Azerbaijan’s economy is two times higher than the world average for one dollar of added value. Strategic 
Roadmap of the Azerbaijan economy targets high-income country status after 2025. This income increase will 
generate higher demand for natural gas, and at the same time, the country needs to increase its natural gas exports 
tremendously by 2027. Overlapping periods of export commitments and national income targets may pose a very 
striking trade-off between domestic consumption and consumption in the export markets. This study intends to find 
the magnitude of this trade-off.  
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At the beginning of 2020, the COVID-19 pandemic started to spread worldwide. In March 2020, the World Health Organization 
declared the worldwide outbreak of COVID-19 pandemic. Many people have been infected with and passed away by COVID-19 in 
many countries since then. Many nations have taken preventive measures such as lockdowns and declarations of emergency. Due to 
these severe restrictions, human and business activities have been limited and the world economy has experienced a global recession. 
 The governments’ response to this health and economic crisis caused an unprecedented decline in global energy consumption, 
especially petroleum products. Crude oil production and petroleum products consumption decreased since the energy consumption in 
the transportation sector decreased. For instance, consumption of motor gasoline and kerosene-type jet fuels faced a serious and 
substantial reduction as human activities were restricted. Natural gas demand and supply was also affected by the COVID-19 
pandemic, but to a lesser extent than oil. According to the International Energy Agency (IEA), global gas demand declined in 2020 
(IEA 2022). 
 The Asia-Pacific Economic Cooperation (APEC) region has experienced the health, economic, and energy crisis of the COVID-19 
pandemic as well. This region accounted for 38% of the world population, 54% of the world's GDP (PPP constant 2017 USD), and 
58% of the world's total primary energy supply in 2019 (APEC 2022). Therefore, the COVID-19 pandemic has had significant effects 
on the energy in this region. 
 Then, this paper analyses how the COVID-19 pandemic has impacted the natural gas demand and supply in the APEC region based 
on data reported by the Joint Organisations Data Initiative (JODI). JODI consists of eight partner organisations1.  APEC is one of the 
partner organisations. JODI collects the monthly oil and gas data (e.g., production, consumption, import, export, etc.) of member 
countries from its partner organisations (JODI 2020). APEC submits its non-OECD member economies data to IEF for JODI2. 
 

��	
���

Statistical compilation and analysis of JODI and EGEDA gas data- This study provides an analysis of changes in gas production and 
consumption for the 21 APEC member economies’ data from January 2018 to June 20223. The analysis is based primarily on the JODI 
and EGEDA data but also uses additional sources for identifying the key drivers of consumption and production changes (e.g., heating 
degree days).  
 

����	 

Gas production in the APEC region declined in 2020 compared with 2019. Gas production in the region reached 94.5 thousand 
Petajoules (PJ) in 2020, falling by 2.1% from 96.5 thousand PJ in 2019. However, it turned back to  98.7 thousand PJ in 2021 (Figure 
1).  From 2018 to the first half of 2022, the United States has been the top gas producer in the APEC region. In 2021 U.S. production 
comprised 38% of the total APEC gas production, followed by Russia (31%), Other Americas (9%), and  China (8%). While the U.S. 
has the largest gas production in APEC, its total gas production reduced 0.4% to 36.3 thousand PJ in 2020, from 36.5 thousand PJ in 
2019. The production decline was caused by decreased drilling activity related to low gas prices in 2020 (EIA 2021). Russia produced 
27.7 thousand PJ in 2020, a decline of 5.7% from 29.4 thousand PJ in 2019. The COVID-19 pandemic spurred the decline in the U.S. 
natural gas price and a higher demand for LNG, causing more competition for Russian energy producers. Moreover, as gas demands 
in countries in Europe decreased due to lockdowns, the export volume of a Russian natural gas resource company declined, leading to 
its production cut in 2020 (Statista 2021). On the other hand, gas production in China increased by 10.1% to 8.1 thousand PJ in 2020 
from 7.3 thousand PJ in 2019. To satisfy its domestic gas demand, China significantly increased its gas production in 2020. Due to 
vaccinations, regained human activities and economic recoveries, gas production in the APEC region increased to 98.7 PJ thousand (a 
4.4% increase from the 2020 level) in 2021. 
 Although gas production decreased in 2020, the total APEC gas demand in 2020 reached 89.5 thousand PJ showing a 1.7% increase 
from 2019 levels of 88.0 thousand PJ. Based on this result, gas demand was lost due to the COVID-19 pandemic that restricted 
people's mobility, and various economic activities in early 2020, started to pick up again (Figure 2). As shown in Figure 2, Russia, 
China, Other Americas, and Other Northeast Asia (Japan and Korea, etc) showed increases in demand in 2020. The gas demand 
increase can be associated with the unexpected cold winter in 2020 in Japan and coal-to-gas switching in Korea (IEA 2021). 
Meanwhile, demands in the United States, Oceania, and Southeast Asia slightly decreased. Oceania showed a continuous decline in 
demand from 2019 to 2021 as electricity generated from natural gas in Australia continued to drop (Argus Media 2021). Same as gas 
production, gas consumption in the APEC region increased to 93 PJ thousand (a 3.9% increase from the 2020 level) in 2021.  

 
1 Asia Pacific Economic Cooperation (APEC), Statistical Office of the European Communities (Eurostat), Gas Exporting Countries 
Forum (GECF), International Energy Agency (IEA), International Energy Forum (IEF), Latin American Energy Organization 
(OLADE), Organization of the Petroleum Exporting Countries (OPEC), United Nations Statistics Division (UNSD). 
2 In APEC, each member is named as an economy, not a country or nation.  
3 APEC has its energy database (the Expert Group on Energy Data and Analysis (EGEDA) website). 
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 Based on the analysis of JODI data, the APEC region has been evidently affected by the Covid-19 pandemic, showing its decrease in 
gas production and increase in gas consumption in 2020. Several factors such as weather and reduced infrastructure investments 
affected natural gas demand and supply in this region. This analysis will be conducted in the final paper.  
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Overview 
Since 2012, Japan’s Ministry of Economy, Trade and Industry (METI) and the Asia Pacific Energy Research 

Centre (APERC) have organized the LNG Producer-Consumer Conference each year, inviting representatives of 
governments and business from both LNG producing and consumer countries as well as experts in the energy field. 
Over the last 10 years, the Conference has addressed many LNG issues, with the focus shifting from flexibility of 
contract conditions to market development, and then to the role of LNG in decarbonizing energy supplies. Now the 
Conference is well established as an important forum for dialogue between participants in the international LNG 
market. In its second decade starting in 2022, the Conference will be a key venue for discussing how best to deal with 
the turbulence in the international LNG market triggered by the Russia-Ukraine War. 

This paper reviews and analyses the establishment and evolution of the LNG Producer-Consumer Conference. 
The evolution of the LNG Conference is compared to the history of other multilateral oil organizations, highlighting 
key economic and regulatory differences between the international oil market and the international LNG market.  

Methods 
Historical analysis of the evolution of the LNG Producer-Consumer Conference, based primarily on Conference 

documents and records. This evolution is compared with the well documented evolution of international producer and 
consumer organizations focused on the oil market. 

Results 
In September 2012, Japan’s METI held the first LNG Producer-Consumer Conference in Tokyo. APERC which 

was established by METI as a regional research institute was asked to be a co-host. At that time, METI faced high 
LNG import prices, the so-called “Asian Premium”, due to traditional, rigid contract provisions such as oil-linked 
price formulae or destination clauses. After the Great East Japan Earthquake in March 2011 and resulting shutdown 
of nuclear power stations, Japan had to increase LNG imports as a substitute fuel for electricity generation. High LNG 
prices due to rigid contract terms became a large burden on the Japanese economy. The spread between Japanese gas 
price and those of Europe and the US reached at about $8 and $13/MMbtu respectively. To solve this problem, METI 
decided to host the LNG Producer-Consumer Conference as a forum for both LNG exporters and importers to openly 
discuss international LNG market issues, rather than hold bilateral negotiations with each LNG exporter to Japan. 
Japan is a pioneer in importing LNG in Asia and it accepted traditional rigid contract provisions for many years. Now 
as the world largest LNG importing country, Japan assumed the responsibility to address the Asian Premium, not only 
for Japan herself, but also for other LNG importing countries in Asia. To set up a multilateral forum between LNG 
exporters and importers, Japan chose Qatar, the world largest LNG exporting country then, as a “partner” of the 
Conference. After the opening remarks by Mr. Yukio Edano, Japan’s Minister of Economy, Trade and Industry, Qatari 
Minister of Energy and Industry, Dr. Muhammed Bin Saleh Al-Sada, was invited to deliver a keynote lecture. In 
addition, ministers in charge of energy in Australia, Korea, and Canada gave special lectures and 26 panellists joined 
in presentations and discussions during 4 sessions. More than 600 participated in the first Conference. 

METI continued the Conference as an annual event in 2013 and 2014 with a similar format to the first Conference. 
The number of participants exceeded 1000 from 2013. The fourth Conference held in September 2015 marked a 
turning point: with growing supply from Australia and the US, the international LNG market became a buyer’s market 
and traditional rigid, contract provisions were loosened, even though they remained in place. The price spread between 
Japan and Europe/the US narrowed about $2 and $5 respectively in early 2016. On the other hand, lower LNG prices 
in a buyer’s market may discourage investments by sellers and producers which could reduce future LNG supplies. 
Conference discussions moved more to supply security of LNG in longer term and new demand for LNG such as 
transportation fuels became topics in the Conference for the first time. The development of LNG market for the benefit 
of both producers and consumers formed the keynote of the LNG Producer-Consumer Conference in the 2010s. The 
prestige of the Conference was further heightened after 2016. The number of attending energy ministers largely 
increased to reach at thirteen in 2019. Geographically, ministers outside Asia and Pacific region (Oceania and the 
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Americas) joined the Conference: Nigeria in 2016 and Mozambique in 2017 and 2018. The LNG Producer-Consumer 
Conference was well established as a high-level international forum. 

The second turning point for LNG Producer-Consumer Conference came in 2020. The COVID-19 pandemic 
required that the ninth Conference be held online just like other international meetings. The online format inevitably 
shortened the duration of the Conference from full one day in the first through eighth Conference to only three hours. 
In person ministerial participation was limited to Japan and Qatar only. Instead, the Conference Secretariat set up the 
website where many ministers, business leaders and experts contributed video messages. More importantly, the 2020 
Conference emphasized the role of LNG in decarbonizing energy transition. In previous Conferences, LNG was 
referred clean energy in terms of no air pollution and relatively low carbon emission among fossil fuels. However, as 
many countries including Japan pledged carbon neutrality by mid the 21st century, carbon emission by LNG started to 
be questioned. In 2020, decarbonization through LNG value chain was discussed as well as price mechanisms 
favourable and sustainable for both producers and consumers. The ninth Conference was held on October 12, together 
with other 5 international meetings related to decarbonization, making the week from October 7 to 14 as Tokyo 
“Beyond-Zero” Week to advocate “Environmental Innovation for Beyond-Zero” with not only enabling carbon neutral 
efforts but also retroactively reducing CO2 emissions in the stock base. 

The tenth Conference was also held online in October 2021 due to prolonged pandemic. In the Conference, LNG 
was considered to be the key resource for energy transition. Increasing the role of LNG as “transition energy” and 
ways of producing and using “clean LNG” were discussed. For this online Conference, the website was maintained to 
receive many video messages from around the world. Together with 7 other international meetings related to 
decarbonization, the Conference was again a part of Tokyo “Beyond-Zero” Week. 

In reviewing the history of the LNG Producer-Consumer Conference, several questions arise. First, why was this 
Conference initiated not by Japanese importers but by the Japanese Government? In other words, why was the 
Conference held primarily on a government-to-government basis? An answer would be that LNG exports require large 
scale investments that inevitably invite policy intervention by governments of exporting countries. In many cases, 
LNG producers are nationally owned companies. Even if LNG producers are private companies, they need permission 
to construct LNG facilities and export LNG from the governments of exporting countries. Therefore, LNG importers 
have difficulties to solve serious commercial issues with exporters without involving governments of importing 
countries. Second, if the involvement of governments of importing countries was requested, why the Japanese 
Government chose to hold this multilateral conference rather than to have a bilateral meeting? The answer would be 
that the Japanese Government tried to increase its bargaining power against LNG exporting countries by inviting other 
LNG importing countries. Third, on the other hand, why did the Qatari Government accept the invitation to this 
multilateral conference rather than to have a bilateral negotiation? Maybe the Qatari Government foresaw the increase 
in global LNG exports, including unconventional LNG exports from the US, in future and hoped to use the Conference 
to further develop the international LNG market in order to secure Qatar’s own market.  

These questions lead comparison between producer-consumer dialogue in the oil market and the LNG market. 
The international oil market was well established when oil exporters and importers confronted each other in the 1970s. 
Oil exporters gathered at the Organization of the Petroleum Exporting Countries (OPEC) cartelized exports. Oil 
importers formed the International Energy Agency (IEA) and coped with cartelization by joint stockpiling and other 
measures. Their confrontation continued in the 1970s and the 1980s, but both agreed to have a producer-consumer 
dialogue at ministerial level as International Energy Forum (IEF) in 1991. The IEF set up a permanent Secretariat in 
2003 in Riyadh, Saudi Arabia. Compared to the IEF, the LNG Producer-Consumer Conference is less institutionalized 
and smaller in terms of participating countries. The reason is the nature of the international LNG market. LNG markets 
had been divided into three regions in Europe, the Americas, and Asia, since LNG had been difficult to transport in 
long distance. LNG was a relatively new energy resource compared to oil or pipeline gas. The international LNG 
market was still on the way to establishment in the early 2010s. However, the international LNG market has grown 
up enough to establish a producer-consumer dialogue, even though in a less institutional format and smaller scale. 

Conclusions 
On September 27, 2022, the eleventh LNG Producer-Consumer Conference will be held online again. The 

meeting format will be not so different from the previous two online Conferences in 2020 and 2021. However, the 
Russia-Ukraine War which started in February 2022 has dramatically altered the international LNG market. As a part 
of economic sanctions against Russia, developed countries in the West are trying to reduce both LNG and pipeline 
imports from Russia which in 2021 accounted for 25% of global natural gas exports. How to secure LNG supplies 
while reducing dependence on Russian gas will be a key issue at the Conference. In 2021, China and Australia relaced 
Japan and Qatar as the world largest LNG importer and exporter. However, the LNG Producer-Consumer Conference 
is already well established as a premier forum for dialogue between international LNG market participants, regardless 
of Japan’s and Qatar’s market position. In its second decade, the LNG Producer-Consumer Conference will be a key 
venue for discussions on how best to deal with the turbulent and constantly changing international LNG market. 
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Overview 
At present, nearly 90% of Hydrogen consumed in India comes from fossil fuels categorized as grey Hydrogen. By
80% of Hydrogen produced will be green as per the estimates of The Energy and Resources Institute i.e. Hydroge
renewable resources as feedstocks. The pace of Hydrogen technologies is accelerating with production pathw
different renewable energy sources like water wind solar and conventional technologies like steam methane reform
crucial to assess the potential role of hydrogen from an economic perspective considering its vast future poten
developed an exploratory study to evaluate the techno-economic feasibility of a hydrogen plant capable of producin
Hydrogen.  

Methods 
The cost analysis is performed using the H2A (Hydrogen Analysis) Hydrogen production model developed by the U
of Energy (DOE) Hydrogen program. The H2A tool requires financial and economic input parameters to calculate
cost of Hydrogen produced.  The levelized hydrogen cost was estimated using a standard discounted cash flow meth
specified after tax internal rate of return (IRR) of 11% from the production technology. 

Results 
The results for the Indian scenario show that for an 11% internal rate of return (IRR), the production plant dep
Methane Reforming (SMR) with two production pathways can produce Hydrogen at a cost of $2.05/kg w
sequestration and $3.33/kg with carbon sequestration. A sensitivity analysis of Hydrogen cost to various paramete
presented. From our independent analysis we could almost match the cost that was reported by the NITI Ayog rep
presented a cost of $.2.1 for the production of hydrogen by natural gas without carbon sequestration. While with o
got the levelized cost of hydrogen produced to be $2.05. With the carbon sequestration included the RMI analysis r
of $3.40 where our cost was $3.30 per kg of hydrogen produced. A risk analysis study was done to perform sensitiv
different variables within the cost of hydrogen. The results of the analysis are shown graphically in a tornado chart. 

Conclusions 
The results of this poster presentation  estimates the levelized cost of hydrogen price at 2022 using various tec
assumptions. The main cost key component of the production is the cost of feedstock which is natural gas. W
production pathways which is production of hydrogen by natural gas without carbon sequestration and with carbon s

The analysis was done for a plant that would produce 483,014kg of hydrogen per day with an operation capacity
sensitivity calculations exhibited that the feedstock consumption had the biggest influence on the price of the lev
hydrogen produced, followed by the after tax internal rate of return. The capital investment, fixed operating cost 
capacity factor were varied  to understand the influence all these factors have on the price of hydrogen.  

The gray hydrogen is currently a market of almost $150 billion. But gray hydrogen mainly being a major polluter, th
turned to produce blue hydrogen which is with carbon capture and storage. There is also an indication that the clim
blue hydrogen production would be similar to green hydrogen if emissions are minimized. While there is a lot of h
green hydrogen, all the cost factors should be taken into consideration such as the price of producing green hydrogen
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Overview 
Hydrogen has been identified as a key element of a future net-zero global energy system and a potential solution 

for energy access and security. Hydrogen and its derivatives produced from low-emissions technology would be used 
at large scale, including as a clean energy feedstock in industry including the hard-to-abate sectors, a clean fuel in 
transport, and in the power sector.  The overall future role of hydrogen in the global energy system is uncertain but 
could be large. The share of clean hydrogen in total global energy demand by 2050 has been projected between 3% if 
countries meet their announced decarbonization pledges (Announced Pledge Scenario by IEA (2021a)) to 13-16% in 
a net-zero world (Net-Zero Case by the IEA (2021a; 2021b)), up to 12% in a 1.5 °C scenario (IRENA, 2021), and 
22% (BloombergNEF, 2021; Hydrogen Council, 2021).  

The production method for low-carbon hydrogen has major implications for greenhouse gas emissions, costs, and 
location of energy production. Green hydrogen produced from electrolyzing water using renewable energy is the 
obvious long-term solution as it is free of greenhouse gas emissions, but blue hydrogen produced from fossil fuels 
especially natural gas  with carbon capture, and storage (CCS) technology is a contender especially in the near term 
and in locations with very low cost hydrocarbon supply.1 Blue hydrogen from natural gas is generally cheaper to 
produce than green hydrogen, at current feedstock and technology prices. Green hydrogen is expected to become 
cheaper with falling costs for renewable energy installations and electrolyzers, and with regard to policies that penalize 
emissions from fossil fuels. But the present-day cost advantages of blue hydrogen are large, especially where the 
shadow cost of gas extraction is low and the resource is extremely abundant, such as in Gulf hydrocarbon producing 
countries. Unlike in other parts of the world, blue hydrogen production in Gulf countries continues to be competitive 
even after the rise of gas prices following Russia’s invasion of Ukraine and the subsequent energy security crisis in 
Europe because of abundant domestic supply.  

Further, in gas producing countries and regions, gas-based hydrogen fits readily with existing fossil fuel 
infrastructure and the interests of existing large industries.  More specifically within gas-producing countries, blue 
hydrogen also fits readily with Gulf countries for two factors.  The first is Gulf States’ limited renewable energy 
infrastructure, which is currently insufficient for domestic power and green hydrogen plans (Shehabi, 2021). The other 
factor is fiscal priorities. Gulf states face fiscal constraints post-pandemic owing to pandemic-triggered declines in 
hydrocarbon export prices and demand along with large costs of COVID-recovery packages. Said constraints 
exacerbate future fiscal sustainability concerns in light of reduced future global hydrocarbon demand and substantial 
government budget requirements to fund welfare distributive measures and limited contributions of non-hydrocarbon 
diversified sources to government budgets (Shehabi, 2022).  Thus, these states’ response to global decarbonization 
efforts has been to diversify existing hydrocarbon sectors to energy sectors, which have interests in expanding into 
sources with the highest profit margins, thereby favoring blue over green hydrogen.  

Blue hydrogen inevitably has some extent of remaining greenhouse gas emissions from imperfect CCS processes 
and the natural gas supply chain (Longden et al 2022), which will need to be compensated for in a net-zero global 
energy system.  Indeed, some likely hydrogen importers such as the European Union at this stage are planning to rely 
predominantly or exclusively on green hydrogen. However, if blue hydrogen remains cheaper than green hydrogen, it 
could speed up the transition on the basis of its cost advantage and low opportunity costs of importing the natural gas. 

Hydrocarbon exporters in the Gulf region are preparing to become large suppliers of hydrogen and have 
positioned themselves as future hydrogen leaders. They have announced large hydrogen production plans (in Saudi 
Arabia, Oman, and the UAE), and adopted hydrogen strategies or plans to that end (Saudi Arabia, Oman, and Kuwait) 
along with net-zero emissions targets (the UAE by 2050, and Saudi Arabia and Bahrain by 2060) (Shehabi, 2021). 
However, and despite ambitious green hydrogen plans, gas-based blue hydrogen production is likely to expand 
significantly faster than green hydrogen in Gulf countries owing to their abundant low-cost gas supplies, huge 
established gas supply chains, and their estimated low cost of blue hydrogen production.2 

The pertinent questions thus are: what are the best ways to make blue hydrogen from low-cost gas supplies be 
part of an effective solution for reducing emissions globally; how will remaining emissions from the blue hydrogen 
production chain be dealt with in relation to net-zero targets; and what are implications for the cost of future energy 
systems and producing countries’ economies.  These questions are critical for energy transition pathways towards net-

 
1 Technically, blue hydrogen is a term used to describe hydrogen produced from all fossil fuels with CCS 
technology.  This paper focuses on blue hydrogen produced from natural gas, as it is the fuel mostly likely to be 
used at large scale in blue hydrogen production, especially in the Gulf region. 
2 To demonstrate, Hasan & Shabaneh (2022) estimate that Saudi Arabia can produce at $1.34/kilogram of hydrogen 
(kg H2)) with costs expected to reach $1.13/kg by 2030) owing to scale improvements. 
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zero targets, and especially relevant for examining the ability of the Gulf region to be an effective part of the global 
decarbonization efforts.  

Methods 
The study provides and applies a quantitative model that examines future emissions implications of blue hydrogen 

production in hydrocarbon-producing Gulf economies under different scenarios of technology, costs, demand, and 
decarbonization policy.  The model uses data from sources available in the public domain and academic research, 
including work done by Shehabi (2021), Shehabi & Dally (2021), Longden et al. (2022), Hasan & Shabaneh (2022), 
as well as the IEA (2022) and the Hydrogen Council (2022). Further, the study evaluates economic implications by 
evaluating the shadow cost of remaining emissions relative to production costs, the risk of stranded assets, and the 
broader context of economic diversification needs in Gulf states.  

Results 
The tentative results of the study are the following.   
� The Gulf hydrocarbon countries have a large cost advantage in gas-based hydrogen, both in comparison to 

other regions and countries, and for the time being relative to green hydrogen. Gulf states’ strategies, near-
term relative costs and expected emergence of international demand for hydrogen and hydrogen based fuels 
suggest that large blue hydrogen system are likely to be established in the Gulf states. 

� The total emissions of blue hydrogen produced by the Gulf states would be smaller than emissions 
embedded in gas under high rates of CCS and other conditions; however, remaining emissions from the 
production chain create tensions with net-zero outcomes, and likely falling costs of green hydrogen are 
likely to make blue hydrogen less competitive over time. The trajectories vary greatly under different 
scenarios for energy demand, emissions policies, and technology costs.   

� There is a risk of blue hydrogen stranded assets in the Gulf, even when taking into account very low gas 
extraction costs, stemming largely from importers’ decarbonisation policies. In the broader context of 
economic opportunities and needs, blue hydrogen is an obvious opportunity for Gulf states, but is no 
substitute for economic, energy, and technological diversification and increasing investments in renewable 
energy production chains.  

Conclusions 
The Gulf hydrocarbon economies are poised to establish blue hydrogen supply chain, based on present-day cost 
competitiveness, ample gas availability allowing them to ramp up hydrogen production quickly and at scale, and 
institutional factors that favour expansion of existing resource industries. If the production chain is relatively low in 
methane and carbon dioxide emissions, their hydrogen projects will contribute to global emissions reductions in the 
near to medium term. Medium to longer term, however, blue hydrogen faces constraints from net-zero emissions 
imperatives and likely falling costs of green hydrogen production, creating the risk of some blue hydrogen assets built 
or used in coming years to be stranded in coming decades. This outcome suggests that Gulf hydrocarbon economies 
need to carefully consider longer term economic implications of blue hydrogen production in light of opportunities 
for green hydrogen, and in the context of broader opportunities and need for technological and economic 
diversification.  
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Should policy makers be concerned when firms with market power in natural gas simultaneously generate 
electricity? One concern is that a higher price of natural gas (hereafter referred to as simply “gas”), raises the cost of 
gas-fired electricity generation, and is passed through to the electricity price. It is therefore possible that a large gas 
firm could increase its electricity profit by raising the gas price, if it generates electricity from non-gas-fired infra-
marginal plants. This is an example of profiting by raising rivals’ costs, as first identified in a general form by Salop 
and Scheffman (1983). A second concern arises when gas firms generate gas-fired electricity. When electricity and 
gas markets differ in terms of their timing and variability, this can create the type of adverse selection identified in 
theoretical work by Vives (2011). I present the first empirical evidence of this problem.  

Before drawing policy conclusions, it is important to understand the the behavior of firms operating in both gas and 
electricity markets. To do this, I follow pioneering theoretical work by Vives (2011), and use a Bayesian supply 
function equilibrium (SFE) model with asymmetric information. I adapt this model to study the eastern Australian 
energy markets. To my knowledge, this application is the first empirical estimation of this type of model. I find 
evidence that both adverse selection and the incentive to raise rivals’ costs are a concern, though adverse selection is 
more important in Australia’s case. 

In eastern Australia, retail markets for both gas and electricity have been deregulated and opened to competition. To 
support this deregulation, Australia, like many countries, has auction mechanisms for trading spot electricity. 
Uniquely, it also uses daily uniform-price auctions facilitate trade in wholesale gas. The fact that a market operator 
runs auctions for both electricity and gas gives a unique opportunity to study the links between the two markets. 
Each day, the market operator runs four separate gas auctions, in physical hubs based around the large cities. Bids 
take the form of supply schedules. Since 2018, these auctions have covered 55 to 60 percent of domestic gas use in 
eastern Australia. I focus on the largest gas hub, which covers all gas flows in the state of Victoria, including 
Melbourne. Three large companies dominate the gas auctions, supplying 75 to 50 percent of gas injections in 
Victoria. These same three companies also own electricity generation plants, fueled by gas, coal and renewable 
energy, amounting to almost 50 percent of total dispatchable capacity. The firms are vertically integrated, in the 
sense that they have retail arms for both gas and electricity 

��	
���

I contribute to the literature by estimating a theoretical model first proposed by Vives (2011), and later extended by 
Bergemann, Heumann, and Morris (2021). This theoretical work derives a unique SFE in which large firms compete 
by choosing supply functions. They do not know their costs before doing so, but receive private noisy signals about 
their own costs. Costs are correlated across bidders. I adapt this model to describe bidding behavior in Australia’s 
gas auctions, paying particular attention to how electricity sales affect incentives. It is apt because firms do not know 
the electricity market outcomes before submitting their gas bids, and these outcomes are positively correlated across 
firms. Further, the three large firms are likely to have asymmetric information since they are better-informed about 
their own generation than that of their rivals. 

 
Before estimating the model, I must construct key variables outside it. I require daily forecasts of firms’ gas-fired 
generation to assess the importance of adverse selection; and each firms’ net spot electricity sales to quantify 
incentives to raise rival’s electricity costs. With this information, and detailed bidding data, I estimate the remaining 
cost and information parameters in the structural model, using necessary conditions for optimal bidding. Then, I use 
counterfactual analysis to disentangle the two channels through which electricity sales affect gas bidding, and to 
measure their impact. 
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Adverse Selection 
 
I find that adverse selection is a problem in the Australian gas auctions. When firms submit bids to supply the gas 
hub, they do not yet know how much gas they will need for electricity. This is because the gas market is cleared 
ahead of time, with the bids and outcomes covering a full 24 hours, while the electricity auction is settled close to 
real time. However, the more gas a firm uses for gas-fired generation, the higher its marginal cost of supplying the 
gas hub. When designing its gas bids, the firm can use public and private information to forecast its daily gas-fired 
generation, but it can also use information contained in the gas price itself. A high realized gas price indicates that 
the firm’s rivals anticipate using a lot of gas for electricity that day. In this case, the firm itself is also likely to have 
high gas-fired generation, since this is positively correlated across the firms. That is, a high gas price informs the 
firm that it will likely have a high marginal cost of supplying the gas hub. In response, at higher prices, the firm 
offers smaller quantities to the hub than it otherwise would.  
 
Thus, firms bid by submitting steeper supply schedules than otherwise, and, in equilibrium, trade smaller volumes in 
the daily gas auctions. This is counter to the intended purpose of the markets – which is to promote spot trade of 
wholesale gas, so that gas is delivered to the hub at lowest cost. I find evidence that gains from trade are left on the 
table every day, lowering the trade surplus by an estimated 10 per cent on average. To reduce adverse selection, 
policy-makers should take steps to improve the information that firms have about electricity outcomes before they 
submit their gas supply bids. One possibility is to make public electricity forecasts more accurate, although this may 
not be feasible. Another possibility is to increase the frequency with which the gas auctions are cleared, so that firms 
can gather more information about their electricity generation before committing to gas supply bids. A naive policy 
response of requiring firms to divest gas-fired electricity generation would do little to alleviate adverse selection. 
The information problem would remain as long as the firms supply gas to any power plant, even if they do not own 
the plant themselves. 
 
Raising Rivals Costs 
 
The incentive to raise rivals’ electricity costs is also a potential concern. I show that the spot gas price is passed 
through to the spot electricity price, whenever a gas-fired generator is setting the electricity price. While a higher gas 
price would increase a firm’s own gas-fired generation costs, the resulting higher electricity price means that its 
other infra-marginal generation types (coal and renewables) would earn additional revenue without the cost increase. 
A firm’s incentive to raise rivals’ costs is larger the more electricity it sells in the spot market, and the more often a 
gas-fired generator sets the electricity price. Net buyers of electricity have the opposite incentive: to lower the gas 
and electricity prices. I find evidence that Australian firms both recognize and act on the incentive to raise rivals 
electricity costs. However, this has only raised the daily gas price by an estimated 0.8 per cent on average. The 
incentive to raise rivals costs is small in Australia because the large firms tend to make only small net sales (or 
purchases) in the spot electricity market, due to their retail sales and forward contracts. However, given the evidence 
that firms act on this incentive, it may be of concern in other markets where there is limited vertical integration 
between generation and retail, and where firms sell greater volumes of electricity in the spot market. If policy 
makers wished to address this issue, they could require glass walls between the electricity and gas traders at each 
company, or require gas firms to divest their non-gas-fired electricity plants. However, the impact of such polices on 
the Australian gas market would be small.�
�
�
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Saudi Aramco: Company General Use 

Overview 
The government of the Kingdom of Saudi Arabia has launched an ambitious program to displace more than 1 

million barrel per day of liquid fuels across the sectors of power generation and water desalination, industry and 
agriculture by 2030, of which mostly will be replaced by natural gas. This program creates new gas demand in new 
locations. 

From the supply side, Saudi Arabia has the world’s eighth largest natural gas proved reserves, and Aramco will 
develop a large Jafurah gas project that will expand gas supply capacity ultimately by 2.2 billion standard cubic feet 
per day by 2036. 

However, due to its capital-intensive nature, gas pipeline development to connect new demand centers and the 
supply carries a considerable risk because the demand centers are often located far away from the existing Master 
Gas System (MGS), multiple small volume customer bases with insufficient offtake guarantees, and uncertain future 
demand growth. 

Virtual gas pipeline system can be a cost-effective solution compared to conventional gas pipeline to deliver gas 
to the new markets. It is an alternative system that allows gas transportation in the form of compressed natural gas 
(CNG) or liquefied natural gas (LNG). The main advantage of this system is its modularity and scalability which 
leads to flexibility in capital spending. The amount of investment and the level of capacity of the system can be 
aligned over time in line with the actual growth of future demand. Consequently, the upfront capital investment risk 
from under-utilized asset can be minimized. 

Methods 
The study selects Al-Kharj and Sudair industrial cities in the Central region and Jeddah (2&3) industrial cities 

in the Western region as a case study of new natural gas markets to assess the benefit of virtual gas pipeline system 
as an alternative to a conventional gas pipeline system in gas infrastructure development in Saudi Arabia. 

Gas demand is estimated based on existing economic activity in the selected industrial cities and is assumed to 
grow to reach the peak gas demand potential based on the total area of the industrial cities within 10 years period. 
The system’s start year is assumed the same in 2025 although, in reality, virtual gas pipeline system can be installed 
in shorter period of time due to modular design and much less civil works. 

CNG is selected as a technology in virtual gas pipeline system as the distances are within a range between 120-
280 Km from the MGS system supply points. LNG is more capital intensive and considered as a more cost-effective 
means for long distance gas transportation beyond 400 Km. 

The study performs an assessment using Levelized Cost (LC) which represents Gas Throughput Tariff 
(expressed in $/MMBTU) between the two alternatives. LC is defined as the present value (PV) of all costs of 
delivering gas from a supply point to end-users divided by the PV of annual gas throughput volumes, with the 
equation as follows: 

�� �� � !"!
�� #$! "�% &#�'&" ( )&*+

,�� % �-
,�� % �-  

where Ct represents cost (covering both capital and operating components) in year t, Vt gas throughput in year t, 
and r denotes the required rate of return (applied discount rate) which is assumed at 10%. The sum is taken over the 
same length of project lifetime of 20 years for both options. 
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Saudi Aramco: Company General Use 

Most of the data and information is obtained from public domain. The study does not represent in any way of 
Saudi Aramco view on the gas market expectation and technical conventions. 

Results 
The outcome of the study demonstrates that virtual gas pipeline solution has (1) lower capital outlay prior to 

project commissioning (upfront capex) in the range between $100-500 million, which leads to (2) lower gas 
throughput tariffs of around 26% for gas supply to Al-Kharj Industrial City and 62% to Jeddah Industrial City. The 
tariff of gas supply to Sudair Industrial City is only 10% lower because of shorter distance and higher peak demand 
volumes. The result also suggests that (3) the economics of virtual gas pipeline solution is less susceptible to any 
uncertainty of future demand growth. 

Conclusions 
Virtual gas pipeline system is a prudent solution in gas infrastructure development to supply remote demand 

centers due to lower upfront capital expenditures. It also offers a mechanism to penetrate new markets at lower gas 
throughput tariff and, over the period of time, to grow and consolidate sizeable gas demand to become anchor 
buyers to support the viability of the development of conventional gas pipeline infrastructure, thereby de-risking the 
investment. The old virtual gas pipeline system can then be moved to other location to develop a new gas market. 

There are more than 20 industrial and economic cities in the Kingdom located away from the existing MGS 
network. Virtual gas pipeline solutions, either using CNG or LNG technology, can support the expansion of gas to 
these remote demand centers in a more cost-effective way, 

Another application of the virtual gas pipeline system is in monetizing stranded marginal gas fields in Saudi 
Arabia and in serving as a gas system supply back-up during pipeline emergency situation. 
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Overview 
Given the importance of the energy consumption in the global warming, the consternation which concerns the 
energy system will always be relevant in the coming decades. According to the (IEA, 2021) , the energy sector 
controls nearly three-quarters of the global co2 emissions which have increased global average temperatures to 1.1 
°C with visible effects on climate. Meanwhile population is expected to grow up by almost 2 billion people to 2050, 
with increasing in income which will possibly increase demand for energy services. Also, to build up their national 
infrastructure, many emerging and developing countries are on the phase of an energy and emissions intense of 
urbanization and industrialization. Thereby, the new energy economy, the prosperous market opportunity for clean 
technology becomes a major new area for investment and international competition in advanced economies while in 
developing economies, people still lack access to electricity and clean cooking (IEA, 2021). For instance, according 
to the (IEA, 2021) the number of people without access to electricity is set to rise by 2% in 2021, with almost all the 
increase in the Sub-Saharan Africa. This energy gap has contributed to slow economic development and increased 
poverty. In recent years, the discussion around the implementation of an energy policy has taken place to deal with 
energy access challenges while limiting carbon emission, encouraging renewable energy and raising the possibility 
of tacking poverty. Indeed, how to promote the inclusive economic growth and reduce poverty has become a major 
subject of concern among both policy makers and the academia in the content. This has resulted in the initiative to 
promote financial inclusion in developing countries by the G-20 and the World Bank to reduce the level of poverty 
(Ozili, 2018). A developed and inclusive financial sector plays a great role by mobilizing savings and providing easy 
access to funds in consequence engendering growth  (Alimi & Santos, 2015). All of this may require somehow the 
use of energy as the key to the production of goods and services. 

 

Methods 
To evaluate the impact of DFI on energy consumption in SSA countries, different panel data econometric techniques 
are used. A framework dynamic panel regression model to capture the relationship between digital financial 
inclusion and energy consumption is specified as: 
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Where ecit represents the dependent variable and which stand for energy consumption, eci,t-1 represent the lagged 
dependent variable, dfiit is the different proxies for digital financial inclusion, gdpit represents gross domestic 
product per capita, tradeit represents trade openness, indusit is a measure of industrialization, urbit is the urbanization, 
fdiit represent the foreign direct invest���������	i is the unobservable country-specific characteristics. 
The relationship between digital financial inclusion (DFI), energy consumption, economic growth is not always one 
way directed. It might include reverse causality especially in the case where a quality energetic or electric network 
in place boosts the development and the delivery of digital financial services. In fact, there exist already a certain 
level of endogeneity due the presence of the lagged dependent variable in the regression as an explanatory variable. 
These endogeneities potentially lead to biased estimated coefficients. Furth more, given large numbers of countries 
(N) relative to the time period (T) (Roodman, 2009) and given that the variables exhibit a strong persistence 
(Gnangnon, 2020). We propose to use a dynamic panel estimator based on GMM developed for such specifications 
suggested by (Arellano & Bond, 1991), and expanded to a system of equations with restrictions on the instrument by  
(Arellano & Bover, 1995) and (Blundell & Bond, 1998) to deal with these potential endogeneity. Compared to the 
first- differenced GMM estimator, the Sys-GMM is more efficient in the presence of persistent variable and weak 
instruments (Gnangnon, 2020). The check for the validity of the instruments Hansens test is applied to check for the 
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validity of the instrument used in the estimations; the Arrelano-Bond test for the first-order autocorrelation AR (1) 
and the second-order autocorrelation AR(2) is also applied to check the consistency of the Sys-GMM estimator 
(Arellano & Bond, 1991)  (Oosthuizen & Inglesi-Lotz, 2022). 
 

Results 
Based on the Sys GMM result, we find mix effect of digital financial inclusion proxies on energy consumption. On 
one hand, the availability of digital financial services  increases the energy consumption. While the usage dimension 
show mix result for example the beneficiaries of loan from commercial banks see their energy consumption 
decreases while deposit account holders at commercial banks see their energy consumption increase. Therefore, 
modern technology other than the one that has reduced the time and the cost of borrowers and credit from 
commercial bank has increased the energy consumption. In other word, innovative technology that allow banks to 
provide loans to individuals who would be excluded from loan if these new technologies do not exist is found 
supportive financing tool for energy efficiency. 

Conclusions 
Given the results and the current green development tendency, any policy encouraging Digital financial inclusion 
should also consider energy consumption. The study provides one of the solution to enhancing energy efficiciency. 
The government should reconsider digital financial inclusion as one of the solution to achieve the core agenda items 
for the economies to progress the world.  
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Overview 
Energy, being a significant input in the production process is considered an important element in the socio-

economic development of a country. In this context, global economy is concentrating on attaining financial stability 
through increased energy efficiency and plummeting the energy intensity. Efficient use of energy enables the countries 
to improve their trade balance whereas it helps to reduce operating costs at micro level. Using energy-efficient 
techniques can reduce the environmental risks posed by the higher level of economic activity. Similarly, development 
of financial sector stimulates economic efficiency through the expansion in the financial activities (Sadorsky, 2010). 
Financial development helps to reduce cost of borrowing and financial risk, thereby creating transparency between 
lenders and borrowers. In addition, financial sector development facilitates the acquisition of sophisticated energy 
efficiency products and technology.  

However, with the rapid economic development, the environmental degradation has become a focus point for the 
nations across the globe. The feedback effects from environment to economic growth have stimulated the researchers 
to investigate the reasons for environmental dilapidation and determine the solutions for environmental conservation. 
Many of these research studies are encircled around the environmental Kuznets curve (EKC) hypothesis (Grossman 
&Krueger, 1991) which elaborates the linkages between the environmental degradation and economic growth. Middle 
Eastern economies are heavily reliant on the energy-based revenues and any curb on the energy production directly 
affects their economic growth in the region.   

Furthermore, financial system in the Middle Eastern region is technologically advanced with strong regulatory 
frameworks related to data protection, consumer protection, cybersecurity, and anti-money laundering. These regional 
characteristics provide a strong base to assess the existence of environmental Kuznets curve in the region and to 
examine the nexus between the financial sector development, economic growth, energy efficiency and Co2 emission 
in the region. 

The relationship between the environmental quality and economic growth is explored by various studies such as 
Jaeger et al. (1995), Tucker (1995), Barbier (1997), Horvath (1997), Ansuategi et al. (1998), List and Gallet (1999), 
Stern and Common (2001), Roca (2003), Dinda and Coondoo (2006), Coondoo and Dinda (2008) and Akbostanci et 
al. (2009). However,  this research is unique as it is first to examine the environmental Kuznets curve hypothesis for 
the oil based Middle Eastern economies while using a conditionally homogenous autoregressive model for the panel 
of Middle Eastern economies. This model considers homogeneity across the cross-sectional units with identical 
structural characteristics.  The panel conditionally homogenous vector autoregressive specification permits the 
heterogeneity in the dynamic panel data set and evaluates the relationship between the observed heterogeneity across 
the units and their structural characteristics.  

Methods 
Following Georgiadis (2012), we specify the model as follows: 
 

789 � , :;<=
;�� >89?78�9�; 
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Where i = 1,2,….,N shows the specific cross sectional unit, t = 1,2,…., T is the time period, 789 is a K x 1  vector of 
endogenous variables, >89 is an M x 1 matrix of exogenous variables, :; is a  K x M matrix of coefficients. Equation 
(1) is general form of panel vector autoregression but allows the heterogeneities across the units. In this case, time 
series are pooled and exogenous conditioning variablesAG��  are used to generate impulse responses. This approach 
presents the unit specific characteristics in observed heterogeneities and conditioning variables are key factors to affect 
the dynamics of the model. In PCHVAR, the coefficient matrices depend on the dynamic properties along with 
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conditioning variables, therefore impulse responses are history dependents as well as the function of conditioning 
variables.   
To investigate the impact of economic growth and financial sector development on the energy efficiency, this research 
considers a panel of five Middle eastern countries while using the annual data from 2001 -2020. Current research 
includes three sets of variables, the set of endogenous variables include energy intensity, carbon emission (CO2) and 
natural resource depletion, the set of exogenous variables contain gross domestic product (GDP) growth rate, financial 
technology, which is measured through number of ATMs, financial inclusion which is represented through access to 
credit and energy use (kg of oil equivalent per capita). These data sets are retrieved from the database of World 
Economic Outlook and International Financial Statistics 

Results 
Figure 1: Impulse Responses of the CO2 Emission/Energy Intensity/Natural Resource Depletion 
PCHVAR Model - Varying GDP levels ... 
��� at the Mean of ATMs 

  

Figure 2 : Impulse Responses of the CO2 Emission/Energy Intensity/Natural Resource Depletion 
PCHVAR Model – Varying ATMs ... 
��� at the Mean of GDP 

  
 

Conclusions 

The analysis of impulse response functions reveals that in the short run, a one standard deviation positive shock in the 
GDP growth rate induces more CO2 emission in the region. However, in the long run higher GDP growth leads to 
reduction in the CO2 emission as countries become more economically sustainable which enables them to spend more 
on CO2 emission technologies. Moreover, a positive shock in GDP growth rates induces positive impacts on the 
energy intensity and natural resource depletion in the short run, however this relationship becomes negative over the 
long-time horizons. 
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Overview 
 There are about 80Mt coal and 50Mt natural gas consumed in the power market in Japan. While increasing concern 
about its carbon intensity, after Fukushima nuclear accident , coal and natural gas consumption has gradually 
increased because of stable price and supplysources. 
 80Mt import of thermal coal to Japan count about 6 % of total coal trading volume in the global market.50Mt 
import of gas for power generation also count about 15% of total LNG trading. 
 The main driver of coal and natural gas consumption expansion in Japan is relatively cheaper price than oil and cost 
competitiveness in the power market. Coal firing power generation is still one of the cheapest options of electricity 
just after nuclear. 
 In order to reduce CO2 emission of fossil fuels firing power plant, there are two options. One is to improve 
efficiency of power generation , the other is to attach CCS. 
 In order to maintain stable supply of power to reduce the cost of CCS is important factor to consider. 
 Based on several research and development projects we estimate the way to reduce the cost of CCS. 
 We need to set target of cost reduction for further introduction and commercialization of CC in Japan (in progress) 

ethods 
I conduct interviews with executives of utility companies, trading houses, government officials to create potential 

scenarios together with literatures reviews and empirical analysis of activities. 

I also join a study team with experts from companies, research institute, governmental agencies to make relevant 
cost survey. 

Results 
Cost of CCS based on conducting projects is around 6-8 yen/kwh 

If we can reduce the cost 20% more, it will be bellow 5 yen/kwh by 2030(under review) 

It might be good enough to compete with the other power sources by 2030. 

Conclusions 
Based on latest improvement of cost reduction for CCS, there are positive prospect to introduce in the power 

market in Japan. 

But it require more cost reduction. 

We also need to consider the cost of supply security as well. 
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The Middle East accounts for nearly half of the world’s proven oil reserves and over 40% of proven gas reserves (bp 
2022) and oil and gas still account for over 55% of the global primary energy consumption. The importance of the 
region has become even more evident as the conflict in Ukraine has brought to fore the very real prospect of Russian 
oil and gas supplies being disrupted either through extended sanctions or the potential of physical disruptions. 
Nevertheless, the region faces an uncertain future. In its latest World Energy Outlook (WEO 2021), the International 
Energy Agency forecasts a decline in global oil consumption after 2040 in its reference case, and even earlier in its 
climate constrained scenarios. BP Energy Outlook 2022 suggests that the oil demand will decline beyond 2025 in all 
of its scenarios (bp 2022a). Others such as the Organization of the Petroleum Exporting Countries (OPEC 2021) and 
the Institute of Energy Economics (IEEJ 2022) forecast a continued increase in oil consumption in their base cases, 
with demand rising by 0.6-0.7% p.a. until 2045/2050. This wide variation increases the uncertainty facing the region, 
and thus risks to the policy and commercial choices governments make in preparing for the next decades. These 
dynamics of the energy sector are playing out in parallel to the region’s biggest demographic transition. UNICEF 
forecasts a 50% increase in population in the region between 2020-50, with the proportion of working age people to 
working age at its highest in history (UNICEF 2019). �
 
This paper aims to analyze the role of the middle east in the global energy transition strategies, especially in the context 
of current global geopolitical events. It addresses a handful of major events among which are the shale oil revolution, 
COVID-19 disruption and the war in Ukraine. The key research questions that the paper addresses are the following:  
1.� What will be the role of the middle east in meeting global energy needs in the next decade and over the longer 

term in a net zero scenario? 
2.� How would the region adapt to the rebalancing of the global oil and gas markets? 
3.� What domestic transformations are necessary for countries in the middle east to adapt to a climate conscious and 

multi-polar world? 

������	�
The paper provides analyses and arguments established on the grounds of the historical, current and foreseen facts 
that drive the geopolitics of energy in the region. The natural resources and the geographical location that the Middle 
East is endowed with represent a key element of the analysis in the paper. The geological constraints of the energy 
production and the logistical limitations of the its transport will be deliberated in terms of their implication on the 
sector dynamics. Besides these un-moving variables, the paper will reflect on the economic conditions in the region, 
which is a critical factor to be examined in light of the ongoing economic restructuring effort in the leading countries 
in the Middle East. 
 
At the forefront of the economic reform agenda in the region is the energy transition by which the countries pursue 
reducing the reliance on fossil fuel and move to cleaner sources of energy. Such reforms are expected to redefine the 
education, employment and social demands in the regions. In that light, the paper will also read through and analyze 
the energy transition agenda in an effort to rationalize and assess their impact on the global energy sector.  


�	���	�
Oil and gas demand is continuing to rise rapidly as the world recovers from the COVID pandemic, especially in 
developing countries in Asia. On the other hand, investments in oil and gas in other regions have slowed down with 
increasing ESG pressure. Even growth in the supposedly supply elastic shale players has been tepid as price cycles 
have become more volatile. In addition, while investments in non-fossil fuels have grown considerably, they are not 
enough to meet the incremental energy demand nor technically viable to meet the baseload demand. In this context, 
the two of the largest oil producers in the region have already committed to increasing their production capacity over 
the next decade. Saudi Arabia has planned to increase its maximum sustained production capacity to 13.4 mb/d 
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(million barrels a day) by 2027, while the UAE is targeting a capacity of 5 mb/d by 2030. In the case of natural gas, 
Qatar is expanding its LNG production capacity to 126 million tonnes per annum by 2025, and likely to reclaim its 
position as the world’s largest LNG exporter then. Thus, the share of the region in meeting global oil and gas demand 
is likely to rise in every scenario until 2050. 

 
Second, the current global crunch caused by the sanctions on Russian oil and gas is expected to lead to long-term 
cooperation between the major oil and gas exporters in the Middle East and the oil and gas importing countries, 
especially the European countries. In the medium to long term, North American and European buyers could 
permanently pare back purchases of Russian supply to insulate against the weaponization of Russian energy exports. 
In the medium term, this leaves the Middle East to play a key role in filling the remainder of the hole from lost Russian 
supply. Some of the largest suppliers of crude to the EU before the Russian war in Ukraine included Iraq, Saudi Arabia 
and Qatar. Other countries such as the UAE and Kuwait will also have an opportunity to sell meaningfully greater 
volumes to Europe. However, this would require a redirection of volumes currently exported elsewhere, including 
perhaps growth markets in Asia such as China and India. The issue of shifting market share could become important 
over the long term. Oil demand in Europe has declined by 17 percent between 2010 and 2020, and has likely already 
peaked. On the other hand, growth in developing countries in Asia, and particularly in China and India, continues to 
be robust. In the International Energy Agency World Energy Outlook 2021, growth in oil and gas consumption in this 
region far exceeds everywhere else, both today and in all scenarios (IEA 2021). In the BP Energy Outlook 2022 as 
well, oil demand in the emerging economies is expected to rise to be almost 80% of the global oil demand by 2050 
(bp 2022a). Thus, over time the large Middle Eastern countries would want to maintain their market share in Asia, 
also because these producers have historically been able to charge a higher price in the Asian market compared to 
elsewhere. 
 
In recognition of the two challenges, namely potential pressure on energy sector revenue, and a growing and young 
population, nearly all the countries in the Middle East have announced strategies for some form of economic 
restructuring and reform with a focus on economic diversification and a shift away from hydrocarbon dependence. 
Net zero commitments by the UAE and Saudi Arabia are the latest in a series of energy policy announcements in the 
region, following on from Vision 2030, Abu Dhabi Economic Vision, New Kuwait 2035 among many others that aim 
to reform the energy sector, diversify away from hydrocarbon, and increase employment opportunities including in 
new energies. The region is uniquely positioned to finance the development towards decarbonized economies with 
large sovereign wealth funds and major national companies. However, with demand for hydrocarbons slowing down 
and potentially peaking in the next decade, leading states in the region, including Saudi Arabia and the UAE, have 
decided to accelerate their transitions toward lower carbon intensive production, economic diversification, and a 
leadership position globally in carbon capture and sequestration as well as creating legal global roles in the production 
and distribution of hydrogen. At the same time, intensified efforts to ensure sustainability of hydrocarbon demand by 
creating consumption channels where hydrocarbon is economically and environmentally competitive remain central 
to national strategies. There could also be a role for private and international capital in financing this transition. 
Ensuring that strategies for economic diversification away from fossil fuel exports, and within the energy sector 
towards non-fossil fuels, is central to maintaining political and economic stability in the region. In particular, this 
would require a significant ramp up in educational and employment opportunities, to ensure that this trend manifests 
itself as a demographic dividend and not a demographic burden. 
 
�����	����
The Middle East will continue to be a key supplier of the global energy demand. This is driven by the production 
capacity expansion efforts in the leading producing countries in the Middle East, as opposed to reduced investment in 
hydrocarbon production in other regions owing to the ESG pressure. Also, there is likely to be a rebalancing of regional 
oil and gas markets as the world adapts to the crisis in Europe. In case the Russian oil stops flowing to the EU, there 
is a possibility for Middle Eastern producers to shift their oil export from developing economies in Asia to Europe, 
which has a long-term effect that needs to be considered.  
 
Moreover, the success of a managed energy transition in the middle east would not just be necessary for the continued 
stability of the region, but also its ability to meet global energy demand. The leading Middle Eastern oil producing 
countries are committed and well positioned to offer low carbon energy to the world. This is envisioned to be achieved 
by accelerating the carbon capture and sequestration technologies and the production and distribution of hydrogen. 
The competitive advantage of the Middle East in terms of achieving these goals is manifested in the financing 
capabilities through sovereign wealth funds that rank among the largest worldwide, beside the low carbon intensity 
on the oil production process.�
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���������
In this study, we developed a dependence structure using a multiscale approach of wavelets to investigate the 

impact of global clean energy production, oil price and CO2 emission on the energy stock markets of the largest 
three oil exporters in the GCC region: Saudi, UAE and Kuwait. Our key findings indicate that the three global 
energy markets are weakly and positively correlated with the GCC energy stock prices at lower frequencies (higher 
scales). Besides, at the same level of frequencies, we found that changes in the global clean energy production index 
and CO2 emission price positively influences the three GCC energy stock prices. Oil price is a stronger moderator 
for the three GCC energy equities at lower frequencies relative to other variables, especially for Kuwait's energy 
stock price. We also discover that the Abu Dhabi energy index is more sensitive to swings in the three perspective 
markets compared to Saudi and Kuwait energy markets. These findings carry important implications and guidelines 
for policymakers, portfolio managers and scholars who attempt to understand the dynamic nexus between GCC 
energy sectors and global energy markets behaviour.�

�

��������
We follow Percival and Walden's (2000) and use the maximal overlap discrete wavelet transforms (MODWT) 

to estimate the coefficients of multiscale wavelet correlation (WC) and wavelet cross-correlation (WCC) among the 
respective variables. Up to six levels of wavelets were performed to cover from daily to monthly frequencies. The 
timescales determined as scale 1 (1-2 days), scale 2 (2-4 days), scale 3 (4-8 days), scale 4 (8-16 days), scale 5 (16-32 
days) and scale 6 (32-64 days). For the cross-correlation, a lag of 22 days has been selected, like the approximate 
number of trading days per month. 

�

��������
The wavelet correlation (WC) analysis produces two kinds of results: (i) the correlation of the GCC energy 

equities with the three respective variables: global clean energy production index, oil price and HI emission price 
for the lower timescales (high frequencies) is near to zero; and (ii) there is a positive correlation between the pairs 
for the higher timescales (low frequencies). For the wavelet cross-correlation analysis (WCC), we prove that there is 
no lead/lag relationship between the respective pairs at low scales. For the higher scales, we find that changes in 
both the clean energy production index and HI emission price positively leads the three GCC energy markets. 
While oil price can only influence Kuwait energy stock price at the same level of scales. Overall, the wavelet 
correlation of the Abu Dhabi energy index was more sensitive to changes in the three global energy indexes relative 
to Saudi and Kuwait energy indexes. Besides, oil price correlation effects on the three GCC energy equities are 
stronger than the correlation effects of clean energy production and HI emission price. 

 

!�����������
Using a multiscale approach of wavelets, we develop a dependence structure to investigate the impact of global 

clean energy production, oil price and HI emission on the energy stock markets of the largest three oil exporters in 
the GCC region; Saudi, UAE and Kuwait. The purpose is to evaluate the effect of the recent boom in the global 
renewable energy industry and the EU ETS on the GCC conventional energy stock prices. Our findings indicate that 
the three global energy markets are weakly and positively correlated with the GCC energy stock prices at lower 
frequencies (higher scales). Besides, at the same level of frequencies, we found that changes in the global clean 
energy production index and HI emission price positively influences the three GCC energy stock prices. Oil price 
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is a stronger moderator for the three GCC energy equities at lower frequencies relative to other variables, especially 
for Kuwait's energy stock price. We also discover that the Abu Dhabi energy index is more sensitive to swings in the 
three perspective markets compared to Saudi and Kuwait energy markets. These findings carry important 
implications and guidelines for policymakers, portfolio managers and scholars who attempt to understand the 
dynamic nexus between GCC energy sectors and global energy markets behaviour. Future studies can explore these 
relationships over the long-term using other statistical techniques. Future studies are encouraged to consider the 
potential impact of the recent US shale oil production on oil-exporting economies.�

�
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���������
The climate emergency is one of the most important challenges of modern society. A transition to low carbon 
economies can mitigate the impact of climate change but requires investments at an unprecedented pace and scale. 
However, not all regions in the world are on a path to decarbonization. Most countries in the Eastern Mediterranean 
and Middle East (EMME1) region are far off the trajectory required to achieve the targets set by the Paris 
Agreement. An unquestionable indication of this is that the renewable energy share in total electricity generation of 
the EMME region was limited to 12% in 2019 ���.  
Several model-based assessments have been conducted on the topic of increased renewable energy deployment and 
decarbonization of the region. Examples include national-focused analyses �������, but also efforts with a regional 
perspective [5]–[7]. Regional analyses can provide a more holistic overview in regard to regional cooperation and 
energy commodity trade. However, certain gaps have been identified in existing literature with regional focus in 
terms of temporal and technological detail.  
The present effort consists of the first attempt to develop a fully open-source EMME energy systems model with 
grid interconnector representation. It aims to explore the potential for electricity trade across the region and how this 
can unlock renewable energy resources and assist in cost-effective decarbonization efforts. It provides new insights 
on the potential environmental and economic benefits offered by increased regional collaboration in the energy 
sector. 

��	
���
The EMME electricity supply model presented here is developed within a cost-optimisation model ���. It adopts an 
open-source framework, in order to ensure transparency in the input data and assumptions. The model’s objective is 
to minimise the cost of satisfying externally defined demands for energy services, considering a range of 
assumptions, such as on technology cost and fuel price projections, fossil fuel and renewable energy resource 
availability. It has been used in the past to conduct analyses at the global, regional and national level ���. 
The seventeen countries of the region are represented in the model as separate systems that can trade electricity with 
their neighbouring systems either through existing or future grid interconnections. The model is populated with 
information from publicly available sources. This includes data on existing and planned generation and grid 
interconnection capacity, electricity demand projections, international fuel price projections2, and technoeconomic 
assumptions on electricity generation and storage technologies. However, data are scarce for some countries. This 
limitation can be alleviated in future improvements of this work through collaboration with interested national 
authorities. 
A set of scenarios is developed to generate insights at regional and national level, highlighting the advantages of 
EMME-wide policies instead of individual national roadmaps. The present analysis assesses the following scenarios: 

A.� ����������	�
��: In this scenario, electricity interconnections are limited to existing projects. Trade is allowed 
to occur if deemed cost-effective using this infrastructure.  

B.� ��
�����	�
��: In this scenario, grid interconnections under discussion are allowed to be invested in, thus 
enabling a higher volume of electricity exchange across the region. 

C.� �����������������������	�
��: Building on the Reference Trade scenario, this case implements a net-zero 
carbon dioxide emission target across the EMME region. This scenario shows the additional investments 
needed to align the region with the Paris Agreement targets and limiting global warming to 1.5oC. 

D.� ���������������
�����	�
��: Similar to above, a net-zero carbon dioxide emissions target is implemented, 
while allowing for investments in new grid interconnections to occur. A comparison with the Reference Trade-
Net Zero case can show potential cost savings enabled by enhanced trade. 

 
1 The EMME region is defined here to consist of Bahrain, Cyprus, Egypt, Greece, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, 
Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, and United Arab Emirates. 
2 Even though some countries may provide fuel to generation facilities at a lower cost, international fuel price projections are 
used for the entire region. This is done to assess development pathways under perfect market conditions without any market 
distortions.�
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����	�
Driven by an assumed continuous increase in electricity demand, renewable energy deployment is projected to 
increase substantially in all scenarios. In the cases where no carbon dioxide emission targets are implemented, the 
renewable energy share in generation increases to 60% by 2030, 88% by 2040 and 93% by 2050. An increase in 
variable renewable energy needs to be accompanied by electrical storage capacity, which is projected at 89-93 GWh 
in 2030, 614-626 GWh in 2040 and 975-1,011 GWh in 2050. Availability of additional grid interconnection capacity 
increases the level of trade across the EMME region (Figure 1). The total level of electricity exchange is higher by 
37 TWh in 2030, 70 TWh in 2040 and 92 TWh in 2050, when the Reference and Enhanced Trade scenarios are 
compared. This illustrates the considerable potential for investments in grid interconnections.  

 
�������	
�������������������������������������������������������������������������������������������������������
�

Even though the planned grid interconnection capacity is limited until 2050 to currently identified projects, 
electricity trade has a direct effect on greenhouse gas emissions. Cumulative carbon dioxide emissions in the period 
2021-2050 decrease from 9.9 Gtons in the Reference Trade to 9.7 Gtons in the Enhanced Trade scenario.  If further 
grid interconnections other than those already discussed are considered, the difference between the two cases may 
increase. 
The analysis clearly indicates that electricity exchange can assist in a more cost-effective achievement of the Paris 
Agreement targets. When the two scenarios with net-zero emission targets are compared, the overall system costs 
decrease when enhanced electricity trade is allowed (Figure 2). Specifically, the total system cost reduces by 6% in 
the decade 2041-2050; this is the period in which emission targets are implemented. 

 
��������
����������������������������������������������������������������������������� ��!"�����������������������������
� ��������
�������������������������������������������������������������������������������������
�

����������
Electricity trade across the EMME region offers multiple benefits. It can lead to a decrease in greenhouse gas 
emissions, while reducing the financial requirements for generation technologies. Additional to national energy and 
climate plans, regional cooperation for the formulation of a regional action plan can promote coordinated efforts in 
this front. 
Regional cooperation in the identification of the most cost-effective grid interconnection projects that can unlock 
major renewable energy potential should be pursued. Similarly, an increase beyond the planned grid interconnection 
capacity should be investigated.  
Renewable energy investments are projected to increase across the EMME region in all scenarios. These need to be 
accompanied by investments in storage technologies, while they can be assisted by availability of grid 
interconnections. A favourable regulatory environment that supports investments in these technology options is 
needed to achieve decarbonization. 
Operation of a regional electricity market entails the existence of a level playing field across all EMME countries. 
Since direct or indirect fuel subsidies distort the market, this is an area that requires further political action in many 
EMME countries, where electricity and fuel subsidies are still in place. 
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Overview 

Despite the quantity of petroleum reserves and ongoing petroleum exploration  in the Gulf of Guinea region but 
pollution of the Atlantic Ocean by petroleum products, gas flaring  and piracy on Oil vessels in the region is on the 
increase. As a result several sugggestions and recommendations were proffered in this research that if adopted and 
implemented it can reduce the level of pollution, reduce pirate attacks on oil vessels and also promote national 
economies of nations in the region. 

Introduction: 

The Gulf of Guinea region is in Africa and is located within the West and Central African coast lines and the 
surrounding territorial waters of the Atlantic Ocean. Geographically speaking, the Gulf of Guinea is made up of the 
maritime area located in the western part of the African continent and north-eastern part of the Atlantic Ocean to the 
east of the Greenwich meridian line. The International Hydrographic Organization defines the southwest extent of 
the Gulf of Guinea as "A line running Southeastward from Cape Three Points in Western region Ghana (4.744°N 
����
�������������������������������������!��#�<� The United Nations Permanent Advisory Committee on 
Security Issues in Central Africa (UNSAC) recognizes all the costal countries from Angola to Cote D'ivoire (Ivory 
Coast) making the following countries as member states; Angola, Ivory Coast, Ghana, Togo, Benin, Nigeria, 
Cameroon, Equatorial Guinea, Gabon, Sao Tome and Principe, Democratic Republic of Congo and the Republic of 
Congo. 

 
1.  Pollution in the Gulf of Guinea by petroleum products: 

 
 The ongoing petroleum exploration activities within this gulf region in countries like the Equatorial Guinea, Sao 
Tome and Principe, Gabon, Nigeria, Angola and others are continuously causing oil spillages in the process of 
drilling, bunkering and discharging of petroleum products in the Atlantic Ocean. In fact, these petroleum exploration 
activities and the oil spillages assumes the form of a vicious circle as illustrated below: 
 

Chart 1: Showing the vicious cycle of the petroleum exploration activities: 
 

�
�
 
 
 
 
 
 
 
 
In view of the above the region keeps recording incessant incidents of Ocean Pollution through increasing 
oil spillages resulting in rapid decline in fish, plankton, shrimps, crabs, Cray fish and other sea lives along 
the Coasts of this Gulf facing the Atlantic Ocean. 
 
2. Piracy in the Gulf of Guinea region & oil tankers: 
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  Pirates in the Gulf of Guinea are often associated to stealing of oil cargo and or kidnapping for ransoms. 
The culprits are often heavily armed criminal enterprises, In 2012, the International Maritime Bureau, 
Oceans Beyond Piracy and the Maritime Piracy Humanitarian Response Program reported that the 
number of oil vessels attacks in West African which forms 50 % of the total area of the Gulf of Guinea by 
pirates had reached a world high, with 966 seafarers attacked during the year. 
Recent attacks have extended further out at sea beyond mostly Nigeria’s national jurisdiction in the ocean 
by focusing largely on oil-laden vessels, to steal the petroleum product. This explains why the Nigerian 
president during a summit on anti-corruption in London on the 12th May, 2016 call on the international 
community to declare stolen oil as illicit commodity just considered to be a blood oil just like the case 
with the blood diamond. The Gulf of Guinea accounted for 427 of the 1434 attacks in African waters 
between 2003 and 2011. The frequency of attacks in this region, while not as high as those of the Somali 
coast, is however on the rise.  

. Suggestions/recommendations: 

  1. The United Nations Office for Outer Space Affairs (UNOOSA) should use its capacity to influence relevant 
stakeholders and governments in the region to accept and consider the use of satellite technology for an effective 
surveillance and monitoring in order to avert possible pollution time. 

2. Fighting piracy through space technology application: The use of modern satellite technology  such as the 
Automatic Identification System (AIS) (an automatic tracking system used on ships and by vessel traffic services 
(VTS) for identifying and locating vessels by electronically exchanging data with other nearby ships, AIS base 
stations, and satellites) can help locate pirates before or even after Ship attacks or hijacks which gives room to arrest 
or confront this pirates at the right time and on the right target if so happens. 

Methods 
Both quaantitaive and qualitative methodologies were used in the process. 

Questionaires were administered on the target audience  together with interviews of selected people and communities. 

Results 
Result reidentified  the types and  nature  of problems as well as their causes. 

Conclusions 

This research work identified the Africa’s Gulf of Guinea region as one of the Worlds risch nations blessed with 
natural resources with petroleum as the main resources , but yet human made challenges keeps underdeveloping the 
region with potential risks of  of affecting the global economy and safety as a whole. The Authors recommendations 
in this research work has great  potentials of drastically reducing the menace and improve on the global safety and 
economy. 
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Overview 

For emerging markets of India, ASEAN and MENA, energy consumption is expected to increase with the rise in 
economic development. Currently, their energy mix is dominated by fossil fuels such as oil and coal, which has to 
be mostly imported and makes them dependent on global energy markets which have their own drivers. However, 
these countries are also committed to clean energy growth through net zero commitments, which leads to 
investments in non-fossil fuel energy sources such as renewable energy and nuclear. The non-fossil fuel energy 
sources such as nuclear and renewables will not only help them achieve its climate goals but could also increase 
their ability to develop local content value chains around labor, material and related activities. This paper looks at 
the impact of the growth in nuclear energy from the perspective of economic development and focuses on the 
markets of India, ASEAN, and MENA to understand common strains and policy inputs which have helped shape 
their development and what are the policy lessons to be learnt. 

Methods 

The paper provides analyses and arguments established on the grounds of the historical, current and foreseen facts 
that drive the Nuclear energy uptake  in India, South Asia and MENA region. The non-fossil fuel energy sources 
such as nuclear and renewables will not only help them achieve its climate goals but could also increase their ability 
to develop local content value chains around labor, material and related activities. This paper looks at the impact of 
the growth in nuclear energy from the perspective of economic development and focuses on the markets of India, 
ASEAN, and MENA to understand common strains and policy inputs which have helped shape their development 
and what are the policy lessons to be learnt. 

Results 

There has been pressure both internationally and internally on energy sector due to climate change and energy security 
respectively. Nearly all the countries have announced strategies for mitigating Climate change and reduce there 
depnedece on fossil fuels putting them one step closer to the energy secure future. Ensuring that strategies for 
economic diversification away from fossil fuel imports, and within the energy sector towards non-fossil fuels, is 
central to maintaining political and economic stability in the Asian and MENA region. The non-fossil fuel energy 
sources such as nuclear and renewables will not only help them achieve its climate goals but could also increase their 
ability to develop local content value chains around labor, material and related activities. This paper will analyse the 
Nuclear policies in the in the respective geographies and will highlight the learning from it. 

 

Conclusions 
The success of a clean energy transition in the form of nuclear energy in India, ASEAN and  middle east would serve 
as learning platform. 
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Overview 
     Fourth generation nuclear reactors are highly advanced and innovative reactors, which are expected to enter 
service by 2030. The development includes several areas namely, sustainability ,nuclear safety and reliability, 
economy and proliferation resistance. Theses reactors contain modern designs and innovative systems to resist 
nuclear accidents. They contain Inherent and passive safety systems that do not require electricity or intervention of 
the reactor operator. The efficiency of the plant ranges between 45-50 % compared to the current generation (32-36 
%). The spent fuel in most types is recycled and reused again to support fuel availability and sustainability of 
nuclear fuel. They are considered multi-use energy systems used in the production of electricity, hydrogen, water 
desalination  and the production of heat required for heating and various industrial processes. This generation of 
reactors has less hazardous impact on the environment than that of the current reactors.   

Methods 

      Generation IV International Forum (GIF)  was created in  2001 which  adopts  a new , Innovative and 
evolutionary design reactors with advanced control systems for the next generation. The Forum established aims, 
goals and roadmap for the new reactors. These modifications concentrated on four classified areas: sustainability, 
safety and reliability, economic competitiveness, and  proliferation resistance.[ 1,2,3]. So expanding energy use 
utilizing today’s mix of production options, however, will continue to have adverse environmental impacts and 
potential long-term consequences from global climate change. Thus increasing the use  clean, safe, and cost-
effective energy supplies is a must. Prominent among these supplies is nuclear energy. Fourth Generation nuclear 
reactors could be used as sustainable and safe energy resources. There are currently approximately  440 nuclear 
power plants in operation around the world, producing approximately 13% of the world’s electricity—the largest 
share provided by any non-greenhouse-gas-emitting source. 

 
   �������Safety of nuclear reactors means the protection of people and the environment against 
radiation risks, and the safety of facilities and activities that give rise to radiation risks. Safety of 
nuclear reactors includes safety of nuclear installations, radiation safety, the safety of radioactive 
waste management and safety in the transport of radioactive materials. Sustainability is the 
ability to meet the needs of the present generation while enhancing the ability of future 
generations to meet society’s needs of energy and electricity.�
   
       Six nuclear reactors are chosen to satisfy these goals for generation IV nuclear reactors, 
these reactor are: very-high-temperature gas cooled reactors , molten salt reactors, supercritical-
water-cooled reactors , sodium-cooled fast reactors , gas-cooled fast reactors  , lead-cooled fast 
reactors 

Results 
 
       A Nuclear Energy system can be characterized as a sustainable system if it meets certain requirements.  These 
include availability and security of the supply of natural resources, economic , operation safety, effective 
proliferation resistance,  and adequate infrastructure, including the effective functioning of institutions for legal 
responsibility, the regulatory role, and technical and scientific support .  
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Conclusions 
- Generation IV Nuclear reactors will be multipurpose reactors [ electricity  , hydrogen , water declination and heat 
production 
 
-Generation IV Nuclear Reactors implement high technology systems and innovative design to improve and 
strength, safety and economic feasibility and sustainability of nuclear reactors.  
 
- Generation IV nuclear reactors will be safer, economic and more reliable.   
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Abstract 
Computer modelling and simulation are employed to preferred to reduce the cost and time of feasibility 
studies for nuclear Hydrogen Production. Several software packages have been used to elaborate the 
success of the proposed research such as Sketchup, MATLAB, Aspen HYSYS SOLIDWORKS and 
Labview. This study explores using Nuclear Power Reactor (NPR)  to support the hydrogen economy. 
The Hydrogen is easy to produce, easy to transport, easy to store and easy to use. Hence, this is what 
makes it a promising approach as energy carrier. This research work presents the production of Hydrogen 
using nuclear reactors based on Iodine-Sulfur thermolysis techniques. The thermolysis, depends on Very 
High Temperature reactors (VHTR). Also, this paper introduces the most significant applications of 
Hydrogen economy. The main purpose is the reduction of carbon dioxide emissions and raising the 
efficiency of nuclear reactors. Nuclear reactors have their high energy efficiency up to 45%, improved 
safety relying on passive techniques. Throughout this paper the NPR s will be utilized to generate the 
hydrogen for the sustainable development of smart cities.
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Abstract. Bangladesh's electricity sector suffers from heavy subsidization of fossil fuels and 
regulated electricity prices. These interventions distort the fuel mix in electricity production, 
promote overconsumption of fossil fuels and slow down the low-carbon transition. As a 
signatory of the 2015 UNFCCC Paris Agreement, Bangladesh has pledged to reduce GHG 
emissions by 15% (of which 5% is unconditional) with respect to Business as Usual by 2030, 
yet its overall CO2 emissions are increasing. Urgent actions are needed for Bangladesh to 
fulfil its climate pledge. We use a fit-for-purpose Dynamic Stochastic General Equilibrium 
(DSGE) model to evaluate the effects of several decarbonization policies, namely the 
implementation of carbon taxes and the removal of fossil fuel subsidies and intra-sectoral 
electricity prices distortions. We find that all policies can deliver a win-win situation in terms 
of macroeconomic variables and CO2 emissions with respect to a benchmark scenario that 
includes existing price distortions and no carbon taxes. The reduction of 4.6% in CO2 
emissions achieved in the price reform policy experiment indicates that liberalized energy 
markets can help achieve its Paris Agreement target. Thus, we recommend that the 
government considers reforming electricity and fossil fuel price structure to foster economic 
development and environmental sustainability. 

Keywords: Carbon Taxes and Fossil Fuel Subsidies; Energy Price Reforms; CO2 

Emissions; DSGE model; Bangladesh. 
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Overview 
The country introduced privatization and competition to stimulate electricity supply efficiency.  Consequently, a 
milestone was achieved in the post-privatization period as electricity generation capacity more than doubled to 
12,555 MW. Despite this, electricity supply remains epileptic, in some cases, non-accessible partly due to inherent 
inefficiencies in the sector. For instance, in 2018, of the total 12,555MW capacity, the average available electricity 
generated was 3,130.3 MW (World Bank WDI, 2020). Due to the high transmission and distribution losses of about 
40 percent (NERC Quarterly Report, 2018), the final electricity consumed was 1,963.3 MW in the same period. 
Also, Nigeria’s electricity consumption per capita is among the lowest years after the privatization reform. 
Specifically, the per capita electricity consumption of 130 kilowatts per hour (kWh) in 2019 was below the 157kWh 
recorded in 2012. These statistics question the credibility of the privatization process in enhancing the electricity 
supply efficiency. Privatization, thus, seems not to have delivered on its aim as supply remained grossly inadequate 
in meeting demand. A critical question for policy is if privatization reform has enhanced the efficiency of electricity 
supply in Nigeria. By this, the study seeks to determine the efficiency of electricity supply before and after 
privatization. Also, the study examines the efficiency of electricity supply across the eleven distribution companies 
in Nigeria.  

Methods 
The study adopts the Data Envelopment Analysis (DEA) to analyze the technical efficiency of the electricity supply 
of the electricity sector as a whole and across the eleven electricity distribution companies. In brief, the DEA is a 
linear programming technique that analyses all potential output for a given set of inputs (Coelli,1996;); where the 
outcome assumes a value between zero and one. Several empirical studies in the literature adopted the DEA 
approach to evaluate firm technical efficiency across different sectors (Jerome, 2008; Chris, 2018). These 
investigations also include studies on the electricity sector (Adenikinju et al., 2016; Wang et al., 2018). The data 
point is for 2008 to 2012 (5 years before privatization) and 2015 to 2019 (5 years after privatization). Although the 
privatization of the electricity sector was in 2013, the effective date for take-over by all successor companies was 1st 
November 2014; hence, 2013 and 2014 are the years of public and private ownership of some generation and 
distribution companies. The data for the empirical analysis is available in the quarterly reports of the Nigerian 
Electricity Regulatory Commission Quarterly Reports, National Control Centre, International Energy Agency 
Energy Report, World Bank World Development Indicators, Department of Petroleum Resources (DPR) Annual 
Reports, and World Bank Climate Change Knowledge Portal.  

Results 
The analysis of technical efficiency within the DEA framework shows slight efficiency improvements with 
privatization, but high network losses inhibit the efficiency gains. In the distribution value-chain, four companies 
were above 75% efficiency levels, while two operate at less than 50%.  As such, privatization has not eradicated 
technical inefficiencies in Nigeria’s electricity supply. The inefficiencies in the electricity sector are partly due to 
technical and commercial limitations.   

Conclusions 
The following recommendations are made:  

1. Increase infrastructure investment: Although Nigeria’s generation and transmission value-chain has 
improved in total capacity, the low operational capacity and high rate of grid instability entail a need for 
more infrastructure investment. In 2018, through Nigeria’s Presidential Power Initiative (PPI), Siemens 
entered an Agreement with the Federal Government of Nigeria to expand the electricity network by 
25,000MW, the project is yet to be implemented. This and other efforts put forward by the government 
have not seen the light of the day. Asides, the distribution companies need to increase their revenue 
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collection efficiency to enhance the commercial and operational viability of the industry. A good strategy is 
to increase the metering rate to reduce energy loss and revenue shortfall.  

2. Ensure strict compliance with industry standards and regulations. This strategy behooves the Nigerian 
Electricity Regulation Commission (NERC) to ensure compliance to set down rules and regulations, 
especially among the distribution companies. The rate of inefficiency in the subsector is high when one 
considers the gap between the amount of energy received and the Multi-Year Order Tariff (MYTO) 
allocation. Stringent conditions like fines should be levied on non-compliance.  
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Saudi Aramco: Company General Use 

 

Overview 
In Carbon constrained world , decarbonization is imperative to reach carbon neutrality targets by many countries 

between 2050 and 2060 and large adoption of renewable energy is a key measure to decarbonize the electric grid. 
Saudi Arabia is planning to expand the renewable energy generation to reach 50% of total energy mix by 2030 where 
the rest planned from natural gas. This target is largely to realize Saudi Arabia’s Nationally Determined Contributions 
(NDCs) commitments by removing greenhouse gases (GHG) emissions of 278 million tons of carbon dioxide 
equivalent (CO2eq) annually by 2030. According to Saudi National Renewable Program (NREP) recent targets , 58.7 
gigawatts (GW) of renewable power capacity is planned by 2030 which constitute of 40 GW of Photovoltaics (PV) 
power , 16 GW of wind power and 2.7 GW of Concentrated Solar Power (CSP). These future Variable Renewable 
Energy (VRE) generation by 2030 will help to decarbonize the electric gird however they are intermitted energy 
sources and cannot be used as base load electricity generation similar to dispatchable power generation sources such 
as fossil fuels. Therefore, Energy Storage Systems (ESS) is an important enabler to store excess VRE electricity from 
the gird for later use to further decarbonize the gird to reach carbon neutrality by Saudi Arabia in  2060. Although 
Saudi National Renewable Program has put targets for future renewable power capacities , there are not enough studies 
or assessments regarding energy storage future demand in order to have resilient Saudi Arabia grid and to project 
future potential new ESS electricity market.  

The objectives of this paper are to quantify and evaluate holistically the impact of VRE generation supply in 
Saudi Arabia’s future electric gird and the potential opportunities of seasonal and long duration energy storage. 
Moreover, the paper will evaluate the ESS applications and technologies selection to reach optimum system 
investment costs for ESS deployment in Saudi Arabia and forecasted Levelized Cost of Storage (LCOS). Finally, the 
paper will shed some lights on recommended policies and regulations to enable Saudi Arabia EES market to be 
competitive with dispatchable fossil fuel sources and support national net zero carbon objectives by 2060.   

 

Methods 
Data collection was completed to quantity future VRE generation from the planned 35 projects locations scattered 

in Saudi Arabia based on publicly announced power capacity targets by NREP and capacity factors (CF) for each 
VRE technology type were assessed. In addition, the forecasted power demand and total energy generation from fossil 
fuels were calculated based on Saudi Electric Company (SEC) announced numbers in 2020 and existing power 
generation fleet breakdown by sources and technologies were analysed. It was assumed a retirement plan of old gas 
turbines power generators and there will be base load electricity generation from natural gas and  also future low 
carbon dispatchable from nuclear energy , waste to energy and geothermal resources. An optimization model was 
formulated to calculate the projected excess electricity from VRE and the ESS potential future market were sized in 
2030 and 2040. The model included mixed integer liner algebra programming to quantify future EES applications 
demand and hence technology selection to provide the optimum EES system cost while meeting NDCs targets. Finally, 
projected different LCOS technologies type were calculated to understand the competitiveness of EES future market 
in Saudi Arabia. 
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Saudi Aramco: Company General Use 

Results 
The results shows high seasonality power demand and hence large potential EES market size in GWh in the 

segments of seasonal energy storage and Long Duration Energy Storage (LDES) to avoid large electricity curtailments. 
This EES market size is forecasted to increase  when VRE reach more than 60% of total power capacity penetration 
in the grid. In addition, Intra-energy storage applications segment shall be first EES market adaptor to provide daily 
localized electricity from EES to reduce additional power transmission investment in remote areas from the grid . The 
optimization model shows Power to X technologies such as hydrogen storage in salt caverns and other LDES 
technologies such as thermal energy storage and flow batteries will achieve LCOS between 0.082 and 0.045 $/KWh 
in 2040 based on future cost learning curves reductions in renewable energy and EES technologies. 

 

 

 

 

 

 

 

Figure 1. Saudi Arabia Projected Power Demand in 2040 vs. VRE Power Generation Forecast (GW) 

 
 

Conclusions 
EES deployment in Saudi Arabia is imperative to decarbonize future electric grid and an important bridge to 

energy transitions and carbon neutrality targets. Although there are economics benefits and technical requirements to 
expand and create new market for EES , the economics is more favourable to fossil fuels dispatchable power 
generation resources in the near future and energy policy instruments are needed to incentivize ESS.This is largely 
due to the lack of carbon pricing , price arbitrage and electricity dynamics pricing opportunity that is required for ESS 
business models for market entry and growth. Although the reductions of EES capital costs and technology 
performance improvement will improve the economics of EES market , incentives and market regulations are required 
from government agencies to promote EES market establishment and growth to meet Saudi Arabia climate targets. 
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Overview 
Variable and renewable energy (VRE) sources lie at the core of the European energy decarbonating and 

independence strategy. A larger share of renewable generation requires flexibility options to cope with intermittency 
and production uncertainty. Among the flexibility solutions, energy storage has become increasingly interesting 
because of its versatility and recent high costs reductions. In this paper, we investigate the development potential of 
energy storage solutions as future dispatchable assets to compete with existing fossil fuel power plants. Our paper is 
one of the first to deeply investigate the competition between fossil fuel power plants and storage technologies and 
present the latter as new incomers that could challenge the incumbents’ positions. We propose a novel analysis in the 
light of the recent energy and geopolitical crisis, which might help the understanding of where Europe stands today in 
its path towards energy independence. We use a stochastic competitive optimization framework, calibrated on the 
current Western Europe power system, to derive the market value of new storage technologies and their impact on the 
price structure. We estimate the long-term equilibrium of flexibility capacities under different renewable horizons, 
CO2 prices and vehicle-to-grid (V2G) trajectories. We subsequently analyze incremental revenues and costs due to 
the presence of storage on the wholesale market and their distributions among renewable firms, conventional power 
plants and electricity consumers. We find evidence that, without additional support policies, the development of 
stationary storage remains moderate and located in a few countries of interest. The contribution of V2G is predominant 
as it accounts for a large part of the new storage capacity. Finally, we highlight a detrimental effect on the revenues 
of fossil fuel power plants and a significant and positive effect on solar and wind revenues, making the case for a 
smart design of support public policies that integrates the transfers storage operates between market firms. 

Methods 
To quantify the energy-only market-based development potential of promising storage technologies and their 

impact on the price structure, we propose an empirical model representing the current and future Western European 
electricity power system. We simulate an interconnected version of the European grid until 2040, with 10 of the most 
important countries for comparison. Our framework relies on stochastic optimization methods to better suit and handle 
the intermittent nature of renewable-based power systems. On top of providing a probabilistic and frequency analysis, 
such method renders robust results for the consideration of VRE and storage economic viability, to depict an accurate 
situation of the near future. 

We first construct scenarios by sampling weekly historical data, similarly to a Monte-Carlo approach, which aim 
at faithfully representing the fundamental discrepancies between seasons and the various states of the power system. 
Secondly, we derive long-term market equilibria, under efficient hypothesis, by minimizing the total cost of the 
European power system by allowing investments in new storage and gas capacities. Solving the two-stage problem – 
capacity expansion and operation - involves a multi-cut algorithm based on Benders decomposition. Our model is 
calibrated on the Western European power system, with fine modelling of the existing flexibility park, including 
pumped-hydro storage and nuclear availability. Our work relies on an exhaustive, heterogeneous, and unit-level 
representation of existing power plants. 

Results 
We first derive from our methodology estimates of the long-term equilibria of flexibility capacities under different 

renewable horizons, CO2 prices, vehicle-to-grid (V2G) trajectories and transition commitments. We find evidence 
that, without additional policies, the development of stationary storage is moderate and located in a few countries of 
interest. The effect of CO2 prices, despite positive consequences on new storage systems profitability, is still 
insufficient to significantly increase the market depth. Intermittency stemming from ambitious renewables targets is 
also largely mitigated by the predominant contribution of V2G, as it accounts for the main share of the new storage 
capacity. Even in the case of coal or nuclear phase out commitments and subsequent higher flexibility requirements, 
existing and new gas facilities remain strong competitors to storage investors. 
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Secondly, we analyze incremental revenues and costs due to the presence of storage on the wholesale market and 
their distributions among renewable firms, conventional power plants and electricity consumers. We highlight a 
detrimental effect of storage on the revenues of fossil fuel power plants and a significant and positive effect on solar 
and wind revenues by supporting low wholesale prices, at the expenses of consumers. 

Finally, we characterize to what extent new storage reduces fossil fuel consumption, CO2 emissions and market 
volatility. These metrics are of utmost importance to apprehend the possible path towards energy independence and 
carbon neutrality, as well as the way to reinforce renewable investments. We highlight a non-negligible impact of 
storage on all the three indicators, which indicates that additional value is to be found in supporting storage 
development. 

Conclusions 
In the recent years, storage has regularly been presented as the last piece to solve the energy transition and 

independence dilemma by complementing renewable sources. We bring evidence that market-based storage 
development remains uncertain without additional policies. Reaching the critical market depth for storage will require 
stronger energy commitments and a concerted reflection of the role of fossil gas in the transition. As the main 
takeaway, renewable expansion will sooner or later face dropping market revenues, that storage could alleviate but 
not gas power plants. By supporting low prices and reducing volatility, storage sets up a more sustainable environment 
for renewable development. Additional value is also to be found in the reduction of fossil fuel consumption and CO2 
emissions. Our study consequently makes the case for an adequate and smart design of support policies that integrates 
the transfers storage operates between market firms, and the non-market welfare improving services it provides. 
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Overview 
This paper examines the dynamics of productivity and efficiency changes in the generation segment of the Omani 

Electricity Supply Industry. Special attention is made to capturing COVID-19 impact on such performance measures. 
We adopted the output-oriented DEA-like Malmquist Index approach, which decomposes the variations in total factor 
productivity into efficiency and technological changes over time. Data for twelve electricity firms are collected from 
all three regions of Oman's electric power system. These comprise firms listed in Oman's Stock Exchange Market, 
including more than 60% of the total generation in the Sultanate. Out of four models developed in this study, the 
predominant results reveal that COVID-19 hurt the industry's overall performance in 2020 but rapidly recovered in 
2021. The decomposition of the collective TFP index of the sample firms confirms that the fall in TFP in 2020 is 
caused by both a fall in average efficiency scores and an inward shift in the estimated best practice frontier. These are 
likely outcomes of the recessionary impacts of the Pandemic. While average efficiency scores continue to drop, an 
outward shift in the frontier helps a fast recovery in 2021. Such an outward shift in the frontiers—we content—has its 
roots in appropriate technological upgrades (at least in some units owned by the sample firms) starting from 2018/2019 
onward, far before the Pandemic. Al Kamal, Sembcorp Salalah, SMN Power, and Musandam Power have consistently 
been on the year-to-year best practice frontiers. Sembcorp Salalah and Musandam Power continually show the most 
remarkable performances over time, demonstrating a technological breakthrough while being on the best practice 
frontiers.  

Methods 
In this study, we adopt the DEA-like Malmquist Index approach that is justifiable to analyse the dynamics of 

efficiency and TFP changes in Oman's power-generating firms. The DEA-like Malmquist Index is well elaborated in 
Coelli et al. (2005, pp. 289-310). More precisely, the (output-oriented) Malmquist index, using the concept of Distance 
Function (Coelli et al. 2005, pp. 47-51), is modelled as follows: 
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Where x is the vector of inputs; y is the vector of outputs; mo represents TFP change. As can be seen, there are 

several distance functions in this formula, described by do(.). For instance, ),(1
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 represents the distance of a 
typical DMU at year t from the frontier at year t-1. A value of mo greater than one indicates positive TFP growth from 
year t-1 to year t, while a value of mo less than one indicates negative TFP growth. The ratio outside the square brackets 
in Equation (1) measures the relative efficiency change between years t and t-1—relative proximity to the frontier. 
The remaining part of Equation (1) measures technological change—shifts in the frontier.    

In the DEA-like Malmquist Index, four Linear Programming (LP) models must be solved to calculate the 
components of equation 1. Thus, for the ith DMU, four distance functions (i.e., do(.)s) must be estimated between two 
consecutive periods, t-1 and t: 
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 (Equation 5) 

Where notations are defined as follows: 
 yit is a M×1 vector of output quantities for the ith DMU in the tth period 
 xit is a K×1 vector of input quantities for the ith DMU in the tth period 
 Yt is a N×M matrix of output quantities for all N DMUs in the tth period 
 Xt is a N×K matrix of input quantities for all N DMU in the tth period 
 >��\���^`{�}���������������\������ 
 ���\���\������ 

Results 
The most revealing results are visualised in the following figures.  

 
(a) Model 0 

 
(b) Model 1 

 
(c) Model 2 

 
(d) Model 3 

Conclusions 
This paper set out to determine the dynamics of productivity and efficiency changes in the generation segment of 

the Omani Electricity Supply Industry. A predominant observation from the results of the four models developed for 
this purpose is that the collective TFP index (the geometric average) had an increasing trend from 2015 to 2019. Then, 
there is a TFP decline in 2020, followed by a significant recovery in 2021, irrespective of the magnitudes. This 
observation strengthens the conclusion that COVID-19 hurt the industry's overall performance in 2020 but rapidly 
recovered in 2021. The decomposition of the collective TFP index of all firms confirms that the fall in TFP is caused 
by both a fall in average efficiency scores and an inward shift in the estimated best practice frontier in 2020. These 
are likely outcomes of the recessionary impacts of the Pandemic.   Nonetheless, while average efficiency scores 
continue to drop, an outward shift in the frontier helps a fast recovery in 2021. We contend that such an outward shift 
in the frontiers has its roots in timely technological upgrades (at least in specific units owned by the sample firms), 
starting from 2018 onward.  
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Overview 

In this paper, we make an approximation of the innovation network in the electricity sector worldwide. The structure 
of the network matters to determines the cumulative body of knowledge and the virality of new ideas. Understanding 
the shape of this network can help explain, for instance, the patterns of diffusion of technological innovation such as 
the direction, speed, growth and accuracy of future innovations, i.e. the degree of network effect, (Katz et al. 1994, p. 
94).  

The second objective is to identify influential players within this network. Our premises are as follows: each 
participant has a piece of information necessary for the solution of specific problems. The problem can only be solved 
when all information is pooled. Individuals interact and influence one another, but they do so more with those 
participants with whom they have proximity. While each member of the network can communicate directly with those 
with whom they are directly linked, they can reach out many more depending on their level of connectivity. The more 
these nodes are positioned at the core of the network, the more likely they will influence innovation, or be early 
adopters. Centrality gives participants a technological edge, and a percepcion of leadership and influence. Other 
important players are “gatekeepers”. These are nodes that while not necessarily central, are the single entry point 
connecting a cluster with the rest of the network. They could influence the group by withholding information or 
distorting its transmission. 

Methods 

In the past, it would have been very difficult to draw a map like this. However, participants now leave digital traces 
of their relationships. We approximate the network of innovation in the electricity sector, which includes venture 
capitalist, government agencies, university professors, and firms. The seed of this network is a dataset of electricity 
startups database that we developed and describe in Fuentes, et.al. (2022). This dataset includes these startups’ Twitter 
accounts. We snowball this original dataset by recording who these startups follow, and classify them according to 
their main activity as venture capitalists, government agencies, university professors, etc. The underlying assumption 
of this database is that if two participants know X, it is more likely that they know each other.  

One way to identify leaders in communities is to question positional (formal) leaders to develop a list of reputed 
(informal) leaders; then ask these reported reputed leaders to determine their top influential. We instrument this idea 
using Twitter. We identify those accounts from our data eset with the highest number of shared connections, strong 
ties (participants who follow each other) and weak ties (accounts whose following is not reciprocated). 
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Results 

Our results will visually show patterns of social network and we will analyse their consequences. 

� The first result is the identification of central players (leaders) in the entire network, by region and by 
category.  

� Then we assess the overall structure of the network: average distance between participants, webbiness, and 
clusters. 

� We then categorize networks and subnetworks as closed or open, depending on the existance of weak, strong 
or absent ties. This is important because a closed networks can collude, while more open networks can 
promote innovation as new ideas reach the cluster thanks to strength of weka ties.  

� Then since the aim of this excercise is to to understand ahead of time which ideas will become more viral we 
analyse what are the key interests of key network participants. We match their “revealed” interests in Twitter 
with 4 megatrends  --decarbonization, digitalization, distributed technologies or electrification-- and the 43 
key technology domains that we identified earlier in Fuentes et.al. (2022). 

 

Conclusions 

There are many caveats with this approach. First, this is an informal network and “friendships” in social networks 
are not really comparable to friendships in real life. We therefore may be overestimating the size of the network and 
how solid these relationships are. However, Twitter is a channel for information flow. Another is that networks are 
loose structures that are created spontaneously, and whose outcomes would be difficult to direct. 
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Overview 
In many countries, the power generation sector is undergoing a transformation through the deployment of 

renewable energy (RE) to address climate change issues. Given that weather data is crucial for effective RE 
deployment, we observe that several countries have already started collecting this data specifically tailored for RE 
deployment purposes. In many cases, however, such as the Middle East and North Africa region, not enough historic 
data has been compiled yet.  Despite the inadequate data available, many countries have already started planning 
their energy future RE targets, and others have actually started executing these plans. 

In light of the above, we investigate herein the extent to which long-term plans, stemming from capacity 
expansion models, are impacted by weather-dependent RE assumptions. Explicitly, the assumptions assessed are the 
firm capacity (FC) and forced outage rate (FOR) of renewables. The analysis was conducted in the context of Saudi 
Arabia, where a 50% renewable energy target is set to be met by 2030 ("Renewable Energy Sector in the Kingdom" 
2022). Beyond the modeling efforts, we quantify the sensitivity of long-term plans to FC and FOR assumptions. In 
our Saudi Arabian case study, values assumed for FC and FOR resulted in a 10% variation in power system costs, 
and 14% and 26% variations in RE and storage deployment respectively.  

 

Methods 
First, we review available RE-specific weather data for Saudi Arabia and highlight that very few data sets are 

available. When available, these data sets are single-year data sets. The FC and FOR are the two parameters 
describing RE that would be influenced most by lack of weather data. The firm capacity is defined as capacity that is 
guaranteed to be available when required, and thus available to meet the resource adequacy requirement, whereas 
forced outage rate refers to the percentage of time when the power plant is not able to generate electricity, due to 
mechanical failures or weather conditions. To overcome the lack of data available for Saudi Arabia, we deduce a 
range for the FC and FOR particularly for solar photovoltaics (PV) and wind technologies based on a literature 
review for several countries. We arrive at the two following sets of assumptions regarding RE: 

- An optimistic case where the FC is 30% for solar PV and 25% for wind, and the FOR is 10% for solar PV 
and 50% for wind. 

- A pessimistic case where the FC is 10% for solar PV and 5% for wind, and the FOR is 30% for PV and 80% 
for wind. 

The FC is used for long-term planning purposes, i.e., to arrive at installed capacities that would meet a reserve 
margin target. On the other hand, the FOR is used for dispatch purposes to assess resource adequacy in 2030 through 
the loss of load probability metric. We combine these two sets of assumptions with two 2030 RE energy targets. 
Thus, we consider four scenarios that differ by varying two main assumptions: being optimistic or pessimistic 
regarding RE in terms of FC and FOR, and the share of RE in total consumption by 2030. Table 1 names and 
summarizes the considered scenarios. 

 
Table 1: Summary of scenarios simulated 

Scenario Name 
Share of RE 

by 2030 
RE assumptions 

25-Opt 25% Optimistic 

25-Pes 25% Pessimistic 

50-Opt 50% Optimistic 

50-Pes 50% Pessimistic 

 

                                                                   
OVERCOMING  WEATHER DATA SCARCITY TO AID  POLICYMAKERS IN 
EFFECTIVE RENEWABLES DEPLOYMENT FOR SAUDI ARABIA 
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Second, we run a long-term capacity expansion plan of the four scenarios for Saudi Arabia over the 2018-2030 
horizon. The simulations were conducted using the KAPSARC Power Model (Elshurafa et al. 2021; Elshurafa and 
Peerbocus 2020; Soummane et al. 2022), which was built using the commercially available software PLEXOS. The 
model describes six Saudi regions along with the existing transmission interconnections between them and solves 
the problem via mixed-integer linear programming.   

 
Third, we analyze the different simulated scenarios in terms of capacity expansion, system costs, and resource 

adequacy level. We also assess the additional cost that would be borne by considering a long-term plan with a set of 
assumptions that turns out to be inaccurate with respect to RE weather data, i.e., the additional cost born in case of 
policymaking based on inaccurate RE assumptions. 

 

Results 
First, our results highlight that long-term plan significantly varies depending on RE assumptions. Indeed, by 

2030, RE and storage installed capacities increase by up to 14% and 26% respectively in Pes-RE scenarios with 
respect to Opt-RE ones. This turns to an increase in power sector cost by up to 10% in Pes-RE scenarios over the 
period 2018-2030. However, as more RE and storage are developed in Pes-RE scenarios, carbon emissions observed 
in 2030 are slightly decreased (0.1-2.9%) compared to the Opt-RE counterparts.  

Second, solar PV is a more economical choice than wind power in Saudi Arabia given our cost assumptions. In 
2030, the 50% RE target is achieved by installing 140-160GW of solar PV and only 2GW of wind. Given that this 
large amount of solar PV would be challenging to be installed in a few years, we rerun the simulations with a cap on 
the new annual solar PV and wind builds, but still reached the 2030 renewable target, which result in a share of wind 
and solar capacities of roughly 50%-50%. 

Third, storage and transmission network developments play a significant role in our long-term plans to help in 
managing RE intermittency and variability. When considering different RE assumptions for their FC and FOR, the 
balance between storage and transmission development varies, with a trend to develop more storage and less 
transmission in Pes-RE with respect to Opt-RE.  

 

Conclusions 
RE development will challenge the resource adequacy of power systems worldwide. In the Middle East and 

North Africa, the first RE projects have been developed but few RE-specific weather data sets that span several 
years are available, if any. This paper quantified the extent to which FC and FOR would impact the modeling results 
of a capacity expansion modeling exercise within the context of Saudi Arabia.  

Variations observed in the results are significant, with up to 10% in additional system costs and 26% in 
additional storage capacity when considering pessimistic FC and FOR assumptions with respect to optimistic ones. 
These findings support the significance of country- and technology-specific data collection tailored to RE to 
minimize, to the extent possible, additional (but avoidable) costs that would be born during the transition to the 
sought future. 
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Overview 
The ambitious decarbonization goals call for a quick transformation of the energy system. Focusing on the power 

sector, only rapid and targeted efforts might now be helpful to meet the goals on international and national level. So 
far, the expansion of renewables like wind and solar energy plays a major role in the german power sector. Despite 
the commitment to phase out coal, coal and gas in particular continue to  contribute significantly to electricity supply. 
In order to decarbonize this sector as soon as possible and to foster sustainable concepts such as sector coupling, green 
hydrogen (H2) is seen as an important part in the German power sector transformation. Until now, domestic production 
as well as imports usually served only specific processes on industrial scale. Due to increasing generation from 
fluctuating renewables as well as the possibility of converting industrial processes and mobility applications to use 
green H2 instead of other resources, the integration and scale-up of a hydrogen industry is crucial for energy transition. 
Several questions arise like to what extent does a power-to-hydrogen industry need to be developed to provide, among 
other things, sufficient flexibility in the power system. Another important question is the role of hydrogen-fired plants 
as substitutes for coal-fired and gas-fired plants. Considering this and possible increasing demand from industry and 
mobility sectors make it necessary to further analyse the role of H2-imports. In this context, we analyse in stylized 
case studies possible decarbonization paths under several assumptions on H2 with the goal of a complete 
decarbonization by 2050 at latest. 

 

Methods 
We start with a literature review on comparative analysis regarding power sector decarbonisation and the 

integration of power-to-hydrogen or H2-Imports. From these findings, we create various scenarios which will be 
applied in an optimization model. This model is a planning tool for the long-term development of the European 
electricity and heat market and allows in particular the endogeneous determination of the expansion of conventional 
and renewable plant capacities as well as flexibilities like battery storages and power-to-gas capacities. It is based on 
minimizing system costs and thus corresponds to the market result under full competition. Existing capacities generate 
at least their variable costs and fixed operating costs. Endogenously added capacities generate at least their full costs. 
A particular strength of the model is the stochastic representation of the renewable feed-in by means of recombining 
trees. Uncertainties regarding different renewable feed-ins are therefore taken into account. To keep the problem 
solvable in a reasonable amount of time, a ‘typical day’ method is applied. Political interventions can be taken into 
account with further restrictions. The model calculates, among other things, the optimal power plant portfolio, 
electricity prices, power plant operations, trade balances and the CO2 price or CO2 emissions. Applications of the 
model can be found in Swider and Weber (2007), Spiecker et al. (2013), Spiecker and Weber (2014), Bucksteeg et al. 
(2019) and Blumberg et al. (2022). 

 

Results 
Preliminary results will be provided at the conference. 

 

Conclusions 
Conclusions will be provided at the conference. 
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Overview 
Advanced economies and emerging countries are developing net-zero emissions roadmaps to reach carbon neutrality 
in the mid of this century. They are supported by several international agencies and organizations, which are 
building different scenarios to reach globally this goal, with all the underlying challenges. In recent times, with the 
energy crisis triggered by the conflict in Eastern Europe, it appears evident that decarbonization of our economies is 
also beneficial for energy security, with renewable sources that can be freely leveraged to produce energy decreasing 
the dependency on fossil fuels (often concentrated in few areas). In last years the electricity sector has been a 
forerunner in the decarbonization through RES, especially in EU where the CO2 emissions in this segment decreased 
by almost 50% in comparison with 1990. However, other sectors lag behind in the decarbonization path, such as 
transportation: indeed, in the EU transport was the only sector to register an increase of CO2 emissions (+25%) in 
2019 with respect to 1990. Therefore, significant efforts shall be focused on this segment, where according to IEA 
emissions shall decrease from 2020 levels by 20% in 2030 to be on track to reach carbon neutrality in 2050. One of 
the most relevant solutions for the decarbonization of transport sector is represented by e-mobility, which can 
leverage on higher efficiencies compared to internal combustion engines and on the widespread diffusion of 
renewable power plants that can supply cleaner electricity to the vehicles. The diffusion of alternative vehicles will 
also be supported by normative initiatives, such as the EU proposal to ban the sale of new fossil fuel cars from 2035, 
which has been endorsed by the European Parliament. 
The transformation of the transport sector, which will be to a larger extent covered through electrification, will have 
a non-negligible impact on the power system and their infrastructure: alongside the electrification of end-uses which 
will increase the power consumption in the next decades, a relevant amount of electricity shall be supplied to 
vehicles, leading to needs for replacement and upgrade of power infrastructure. With regard to e-mobility the major 
challenges are related to the power component, due to the possibility of having multiple charging events 
concentrated close to the current power peaks (e.g. in the evening), leading to the substitution of power components 
such as transformers, feeders and cables. The possibility to leverage on smart charging mechanisms, and in the first 
place to smart tariff schemes aiming to flatten the demand profile could deliver significant benefits in a systemic 
perspective. 

Methods 
CESI developed a methodology and a specific tool to estimate the additional investments needed in a distribution 
system due to the presence of electric vehicles, and the related savings that can be obtained in case of an improved 
tariff scheme. In the specific case, the comparison has been done between a flat tariff (a unique price for the entire 
day) and a Time of Use tariff (enabling to have a lower price during the night, period characterized by a lower 
electricity demand). 
The analysis has been divided in two main tasks: (i) Assessment of the demand of electric vehicles, (ii) 
Quantification of investments in the distribution grid. 
For the first task, CESI developed a proper tool to estimate the demand of e-mobility in a certain area, which 
consider a series of factors, including: 

� Type of vehicles (e.g. passenger cars, light duty vehicles, heavy duty vehicles, bus, etc.). 
� Charging points, with differentiation based on nominal power and technology (e.g. unmanaged charging, 

V1G or V2G). 
� Charging behavior (i.e. timing and duration of charging events). 
� Charging location, considering habits of different types of users. 
� Use of the vehicle (i.e. travelled distance). 
� Share of electrification, with the possibility to assess different scenarios of e-mobility penetration. 
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The type of tariff implemented is also considered in the tool, with the flat tariff that does not affect the time of the 
day a user will recharge its vehicle, while the ToU tariff incentivizes the driver to recharge the EV when the price is 
lower. Considering those factors, it is possible to calculate the demand profile associated to EVs with an hourly 
discretization.  
In the second task, according to the information available on the distribution components, a proper classification of 
the different assets with respect to their load factor (i.e., the ratio between the maximum power and the nominal 
power) shall be carried out. This activity could be done by splitting the components in classes according to their load 
factors (e.g., 10% of the transformers present a load factor of 0.9, 20% have a load factor of 0.8, etc.). Subsequently, 
the conventional load (i.e., the electricity demand excluding e-mobility) is calculated considering the rate of load 
growth foreseen for the year in the targeted scenario. Through a proper distribution of the electricity demand on the 
different underlying distribution assets is possible to calculate the new load factors associated to the increase of the 
conventional load. After setting a proper threshold for the load factor above which the component shall be 
substituted, it is possible to calculate the investments needed related to the increase of the conventional load. This 
calculation shall rely upon a solid base of costs related to the specific components and to the area object of the study. 
Finally, adding the contribution of e-mobility to the electricity demand is possible to identify the eventual new peak 
power and repeat the previous steps for calculating the new investments needed. In this way it will be possible to 
clearly identify and quantify the additional investments needed in the distribution grid exclusively caused by e-
mobility and compare the cases between flat and smart tariff. 

Results 
According to the analysis made, which are dependent on the context in terms of load profile and future growth, 
uptake of electric vehicles and ageing of distribution components, the introduction of a ToU tariff could lead to 
savings in investments even greater than 50%. However, the possibility to defer grid investments to this extent 
depends also on the willingness of the users to adopt the tariff scheme and the availability of technologies that could 
enable a proper programming of the charging events. On the other side, ToU tariffs could represent the first and 
easiest step for the integration of EVs in the network, suggesting the presence of a relevant potential for investment 
savings through more complex smart charging technologies (e.g. V1G, V2G) and the possibility to proactively use 
EVs as a useful resource for the power system. 

Conclusions 
After a brief recall of the decarbonisation objectives set by the EU with special focus on transport sector, the paper 
will provide an overview of the tariffs schemes adopted in some key countries highlighting pros and cons for e-
mobility, considering the specific environment of Saudi Arabia. Thereafter, the methodology adopted to minimize 
the investment effort in distribution grids leveraging on tariff schemes will be described in detail. Finally, the 
possible benefits to the Kingdom arising from appropriate tariff schemes in terms of peak demand reduction will be 
discussed. 
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Reforms to the Saudi electricity industry have been taking place progressively since the late 2000s.  The stated 
objective of the reforms has been to enhance the efficiency and sustainability of the electricity sector, commensurate 
with the goals set out in Vision 2030.  A key element of the reforms has been a bolstering of the functions of the 
independent regulatory agency, which is currently the Water and Electricity Regulatory Authority (WERA).  WERA 
has been charged with the responsibility for introducing a new revenue model which will be used to determine the 
prices that are levied by the incumbent monopoly electricity business, the Saudi Electricity Company (SEC).  
WERA is obliged to ensure that the revenues earned by the SEC are just sufficient to cover the company’s efficient 
costs of providing services to customers.  The company must also be permitted to earn a fair return on invested 
capital (SPA, 16 November 2020). 

A regulatory asset base methodology has been developed for the SEC to enable tariff setting for transmission 
services, distribution services, and electricity generation (Fitch, Rating Action Commentary).  A pass-through 
mechanism is also in place to allow for cost over-runs caused by unanticipated changes to fuel prices, licence and 
interconnection fees, and taxes.   

In future years, the Ministry of Energy will assess the difference between the required revenue for SEC, as 
determined by the regulator, and the company’s actual earnings, from the tariffs that have been established.  To the 
extent that there are unexplained shortfalls, then these will be financed from a balancing account held by the Saudi 
government (SEC, 29 March 2021).  The SEC must nonetheless commit to raising the standard of service provided 
to customers. 

Further reforms to the electricity supply industry in Saudi Arabia remain under consideration.  Previous research 
(Hasan S., T. Al-Aqeel, and N. Peerbocus) has pointed to the types of structural reform and institutional change that 
have been made in overseas jurisdictions.  Typically, the industry is disaggregated vertically and horizontally so that 
electricity retailing, distribution, transmission and generation become separate and discrete activities.  There may 
also be an unbundling of generation assets, accompanied by the creation of separate, competing business units.  
Concurrently, a wholesale market needs to be developed, with some functions devolved to a system operator.   

Partial withdrawal of government subsidies for primary energy (fuels) and electricity 

The government of Saudi Arabia has taken steps to lower the subsidies that are provided for domestic hydrocarbon-
based fuels.  Thus, the prices for a range of fuels sold in the domestic market were increased in late 2015, and were 
then subject to further increases in 2018.  Simultaneously, the government chose to bring down the subsidies that are 
available for electricity prices paid by different classes of customers. 

For electricity sold to residential customers, average prices rose from SAR 0.0814 per kilowatt hour (kWh) in 2015, 
to SAR 0.0915 in 2016, and then to just under SAR 0.2 per kWh by 2018. 

The analysis undertaken for this paper is focussed on market structures and regulatory arrangements, and thus does 
not give consideration to the likely impact of further changes to the prices of fuels used for electricity generation. 

Instead, the emphasis is on how a greater degree of scrutiny by WERA might bring about a heightened level of 
transparency by the SEC.  It is expected that WERA will review the capital and operating expenditure plans of the 
business, and remit them back to the SEC for further consideration.  WERA will also evaluate a host of other 
metrics, including the rate of return on capital, and will be responsible for determining the average prices paid by 
customers, having regard to both the viability of the industry and the long-term interests of consumers. 

Comparisons with overseas experience 

International experience has shown that the corporatisation and restructuring of the electricity sector has the 
potential to deliver substantial benefits to consumers and to economic activity more generally.  Consumers benefit 
from a wider range of service offerings, and, in some cases from reliability improvements.  There is also scope for 
greater innovation in the energy sector. 
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The building block method for revenue determination is typically only applied to regulated monopoly businesses in 
distribution and transmission.  The building block approach has been applied successfully to both electricity and gas.  
For the segments of the industry which operate in competitive markets, notably electricity generation and retailing, 
market-based mechanisms are relied upon to produce pricing outcomes. 

The available information suggests that WERA is proposing to apply the building block approach to the entire span 
of operations of the vertically integrated business, the SEC.  It is understood that a new regulatory period will 
commence in 2023.  SEC will also be able to rely on a pass-through mechanism in the event that there are increases 
in fuel costs above a certain threshold. 

This study has used empirical methods and forecasts to analyse selected components which will be used by WERA 
in the building block computation.  We have considered how the assessment, by WERA, of the capital expenditure 
plans of the SEC could be influenced or informed by economic benchmarking techniques. 

We have also analysed the range of possible factors that will affect the assessed cost of debt, and cost of equity.  For 
the cost of debt, these factors will include the benchmark credit rating that is adopted, whether a rate on the day 
measurement or trailing average method is applied, and the likely developments in the spreads for debt, and for 
credit default swaps for comparator entities.  For the cost of equity, important considerations will be the assessed 
equity beta, and whether forward or backward-looking methods are adopted for the market risk premium. 

����	�

The relevant counter-factual is how electricity prices might have evolved under legacy arrangements, in the absence 
of regulatory oversight, and any form of regulatory framework.  Depending upon the degree of scrutiny by WERA, 
the electricity price outcomes for consumers in the next regulatory period could be higher or lower than those that 
would emerge in the absence of the imposition of a regulatory framework.  Thus, the analysis draws attention to the 
importance of maintaining a rigorous but transparent regulatory regime. 

����������

We anticipate that under robust regulatory arrangements, there will be modest improvements in capital productivity 
and labour productivity in the electricity business.  The productivity gains will be manifested in the following 
outcomes: 

!� Declines, in real terms, in controllable operating costs per unit of output. 

!� Increases in the available capacity for base-load generating units. 

!� Reductions in reserve plant margins. 

Additional benefits are likely to accrue from the ongoing corporatisation and restructuring of the electricity industry.  
The most significant gains would result from privatisation. 

����������
ECRA, Electricity and Co-Generation Regulatory Authority, Electricity Service Guide, Seventh Edition. 

ECRA, Electricity and Co-Generation Regulatory Authority, General Framework of Revenue Requirement 
Determination Methodology, 2020. 

Hasan S., T. Al-Aqeel, and N. Peerbocus, Saudi Arabia’s unfolding power sector reform: Features, challenges and 
opportunities for market integration.  KAPSARC, May 2020. 

Fitch Ratings, Rating Action Commentary, Fitch upgrades Saudi Electricity Company to ‘A’; stable outlook, 19th 
January 2022. 

Industry Commission �������	����
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��������������, Report No 11, AGPS, Canberra, May 1991; volumes I 
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Overview 
Despite the advantages of new renewable electricity sources, the increasing use of these sources in the electricity 
system leads to uncertainty in the wind and solar electricity production as their generation depends on windspeed 
and sunshine, thus this creates fluctuation in electricity system operations, mismatches between electricity supply 
and demand, disrupts the grid stability due to wind/solar excess electricity generation, and amplifies electricity 
reliability and price issues (Ringkjøb et al., 2018). Consequently, the electricity grid stability is maintained 
especially when there is excess electricity from non-dispatchable renewable power plants, through electricity waste 
(termed as curtailment) (Dong et al., 2022).  
 
These above-identified challenges create a room to deploy energy storage technologies that would fasten the 
decarbonised electricity system, and ensure smoothing operation and reliability of the electricity grid (Aneke & 
Wang, 2016). Various energy storage technologies have been established in the literature, however, hydrogen 
storage provides varieties of use such as  fuels in the transportation sectors and as chemicals in the industrial sector 
(Akinyele & Rayudu, 2014).  Furthermore, the hydrogen storage provides the best solution to address the problem of 
wind electricity curtailment (Dong et al., 2022). Therefore, this study investigates the potential role of hydrogen 
storage technology in addressing wind electricity curtailment in the context of the UK electricity grid. 

Methods 
The study applies a diffusion agent-based modelling (ABM) technique following the features identified in the 
literature (Akhatova et al., 2022),  with the aim to provide investment decision support and scenarios by determining 
the amount of hydrogen storage required to address the electricity curtailment in the UK electricity transition, thus 
producing the model outputs (storage capacity, investment cost, profitability and CO2 emission reduction) for policy 
recommendations. The study implements the ABM technique by extending its initially developed low-carbon 
investment simulation model, to include hydrogen storage technology as an additional agent that uses the arbitrage 
price to make its investment decision rule. Based on this decision rule, the study runs on yearly resolution for time 
horizons of 30 years between 2021 and 2050, while allowing for technology and market uncertainty.  

Results 
The study finds that the costs associated with hydrogen storage increase each year from 2021 to 2027 but remain 
stable up to 2043. Then, a slight increase in the cost from £5millions in 2043 to £5.2millions in 2044, by 2050, its 
investment cost reaches £5.24millions. However, its  positive net present value (NPV) outweighs its investment cost, 
suggesting high returns on hydrogen storage investment in the midst of high upfront costs. In terms of 
environmental benefits, about 40 thousand tons of CO2 emissions are saved between 2021 and 2027, and by 2050, 
about 57% of CO2 emissions in 2021 are mitigated from the UK electricity grid. However, hydrogen capacity is 
quite sensitive to its round-trip efficiency, while higher NPV is associated with higher capital cost and longer 
lifespan.  
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Conclusions 
 
This study quantifies the amount of hydrogen storage required as wind electricity generation increases in the UK 
electricity grid, in order to address the electricity curtailment. Unlike the previous literature, the paper develops an 
agent-based modelling framework that incorporates the discounted cash flow approach of hydrogen storage into the 
UK electricity system evolution, thus its findings lead to the following policy implications:  

� As the cost associated with the required hydrogen capacity is about £5.3million by the end of 2050,  this 
requires government supports in stimulating the private investment into hydrogen storage technology. 

� Invariably, the ongoing concern on negative welfare consequences of rising carbon price would be resolved, 
as the hydrogen storage would save more than of 50% electricity generation CO2 emissions by 2050, the 
amount of CO2 saving will be more in future as solar power plants are deployed into the UK electricity 
transmission grid. 
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Overview 
The deployment of residential solar photovoltaic (PV) systems has been and will remain a key approach to 

realizing the energy sector’s decarbonization and curb global warming. A large body of literature has documented 
that pricing schemes for PV-generated electricity boost the installation of solar PV systems. Broadly, there are two 
pricing schemes: a gross-pricing scheme, where all generated electricity is sold to electric utilities or grid companies 
at a given price, and all consumed electricity is delivered using the grid; and a net-pricing scheme, where generated 
electricity is first consumed by a producer and the surplus, if any, is sold at a given price. These two schemes 
impose different incentives for electricity consumption once a PV system has been installed. Changes in electricity 
consumption can be primarily caused by an increase in income under the gross-pricing scheme or by a decrease in 
the average perceived electricity price under the net-pricing scheme, the so-called solar rebound effect. For a pricing 
scheme policymaker, it is critical to understand how the schemes affect post-installation electricity consumption, 
and how they affect welfare. Our study is the first to directly measure the difference in residential electricity usage 
between the gross-pricing and net-pricing schemes and evaluate how welfare changes. We focus on the Japanese 
feed-in tariff (FiT), which provides two advantages to this study. First, in Japan, the two pricing schemes coexist, 
and eligibility for the gross-pricing scheme depends on the capacity of the installed PV system, which provides a 
fascinating environment for measuring schemes’ causal effects on electricity use. Second, data provided by a 
Japanese house-building company recorded detailed electricity usage and generation information for a large number 
of households, enabling us to study the two pricing schemes without imputing any electricity use information, which 
is often observed in the literature. 

 

Methods 
We use one-hour interval electricity data of 4,880 households that installed solar PV, covering a broad range of 

Japanese regions. The data are from a major house-building company. The data include total electricity consumption 
(i.e., electricity delivered from the grid plus electricity generated and consumed at home), recorded by the 
company’s original electricity monitoring board, and span from 2012 to 2015. Importantly, total consumption, 
electricity delivered from the grid, total generated electricity, and consumption of generated electricity are separately 
recorded, which allows us to study actual electricity use and distinguish each household’s pricing scheme. We also 
had access to home and household attributes for most households, including solar PV capacity, total floor area, and 
average temperature. 

Under the Japanese FiT, households can choose between two schemes if their PV capacity is larger than or 
equal to 10 kW: gross-pricing and net-pricing schemes; they have no choice but a net-pricing scheme otherwise. 
This study exploits the discontinuity at 10 kW to measure the difference in electricity usage between net-pricing and 
gross-pricing schemes. We use electricity data spanning from 2012 to 2015 containing households that purchased 
their homes and installed a solar PV by mid-2015. We choose this period because all households equipped with a 
PV system larger than or equal to 10 kW chose the gross-pricing scheme, enabling us to apply a sharp regression 
discontinuity (RD) design. However, a conventional RD design may not be applicable because of the manipulation 
of a running variable around the threshold if some households (always-gross households) installed capacity of just 
above 10 kW to be eligible for the gross-pricing scheme. Therefore, we also apply the partial identification approach 
developed by Gerard, Rokkanen, and Rothe (2020) Quant Econ., where the existence of always-gross households is 
allowed and their share is estimated, being utilized to bound the distribution of potential outcomes. The potential 
outcome of interest here is the hourly electricity consumption under the two schemes. 
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Figure 1: RD estimates 

 

Results 
Using a simple microeconomic model, we first show that measuring the difference in electricity use between the two 
schemes is sufficient to determine which scheme is welfare-improving. The net-pricing scheme improves welfare if 
it incentivizes households to save electricity compared to the 
gross-pricing scheme. However, we empirically find that 
electricity usage under the net-pricing scheme is larger than 
that of the gross-pricing scheme. Point estimates obtained by 
the conventional sharp RD design suggest that the difference 
varies over time. The largest hourly difference of 0.12 kWh 
(11.33 % change compared to the gross-pricing scheme) is 
observed at 11 AM and is statistically significant at the 1% 
level, whereas the differences are small in early morning and 
late at night, and are statistically indistinguishable from zero 
(Figure 1). The partial identification approach confirmed 
these results. The estimated confidence interval (kWh) is 
[0.059, 0.18] at 11 AM. Thus, from the perspective of a 
social planner, once a solar PV has been installed, the gross-
pricing scheme is welfare-improving. 

 

Conclusions 
Our study is the first to directly measure the difference in electricity use between two major pricing schemes for 

solar energy and empirically show that once a PV system has been installed, the gross-pricing scheme is superior to 
the net-pricing scheme. This study also contributes to the literature on the rebound effect of solar PV installation on 
electricity use, where no study has previously examined both schemes. Although we do not directly measure the 
rebound effects, our results imply that the effects of a decrease in the perceived electricity price under the net-
pricing scheme are larger than the effects of an increase in income under the gross-pricing scheme. 
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Overview 
The purchase decision for fleet vehicles strongly depends on the total cost of ownership (TCO) (Hauff 2018). 
Companies focus on TCO for both battery electric vehicles (BEVs) and internal combustion engine vehicles (ICEVs) 
(Bloomberg NEF 2021). That is, the TCO is an important metric that enables a cost comparison between a BEV and 
a similar ICEV, for the costs of owning a vehicle over a specified period, including capital expenditure, operating 
costs, and resale value. According to Parker et al (2021) comparing the TCO of BEVs and ICEVs has enabled 
researchers to assess BEV cost-competitiveness under various price, policy, and driving scenarios, evaluate the policy 
incentives needed to achieve cost parity, and identify the consumer types who would most benefit from BEVs.” 

The paper applies TCO methodology to compare the BEV and ICEV as business fleet vehicles under the current 
Australian operating environment and under several modelled tax policy scenarios. It finds that several tax policies 
have some capacity to bring down large difference in TCO of BEVs and ICEVs. However, these commonly discussed 
tax policies might insufficient to encourage widespread adoption of electric vehicles by business fleets in Australia. 
Further policy actions, such as subsidies, might be needed to support Australian government goals of electrifying 
automotive transport.    

 

Methods 
 
The methodology of estimating TCO for private vehicles is well-established in the literature (see, for example, Hao et 
al., 2020; Scoranno, Danielis and Giansoldati, 2020; Wu, Inderbitzin and Bening, 2015). In this study, we focus on 
TCO of a business fleet. In contrast to private vehicles, estimations of the TCO for business fleets should incorporate 
the prevailing tax environment in the country of study. Hence, we adjust the TCO estimations to account for the 
taxation impact applicable to business fleet vehicles in Australia. 
 
The estimation of the TCO for fleets is made using the following formula: 

J�� = �� +� M��� N MJ��
(1 + 1)� +� �RJ�

(1 + 1)�
S

���
N

S

���
T�� N �JU�
(1 + 1)�  

 
where IC is the initial cost of business vehicles, calculated as: 

 �� = �� N VV + V� + WV N WXR + �Y 
 
in which VC is vehicle cost, DD is dealer discount, DC is dealer delivery charge, SD is Stamp Duty, SUB is government 
subsidy, and CH is the cost of purchasing and installing home-based charging infrastructure (for a BEV). 
 
In terms of the other parameters of the formula, annual operating cost (AOCt) can be calculated as follows: 
 

M��� = T�� + �ZW� + TV� +[M�ZJ� + J\T� + �&U� 
 
where RCt is annual car registration fee, INSt is annual insurance cost, RDt is annual road tax charge,1 MAINTt is annual 
cost of service and repairs, TYRt is the annual cost of tyres, and F&Et is the annual fuel or energy cost (whichever is 
relevant).    
 
Annual income tax credit (ATCt) is a function of the annual operating cost as follows: 

 
1 Such as Victorian road user tax of 2.5 c/km. 
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MJ�� = 0.3 × (M��� + V+'%�) 

 
where annual depreciation (Deprt) is calculated as 25% of the start-of-year value of the vehicle. 
 
FBTt represents annual Fringe Benefit Tax expense, calculated using either the statutory or the operating cost methods, 
RVt is the resale value of the vehicle, and ITEt is the applicable income tax deduction for the resold vehicle. 
 
In our paper, we test several operational scenarios of business fleet, in terms of hoding period and travel distances for 
two Hyundai Kona variants (BEV and ICEV). We apply several tax tratement scenarios to identify the impact of the 
potential tax policies on the TCO of both. 
    

Results 
The results can be summarised as follows: 

1) There is substantial difference in total cost of ownership of BEV and ICEV vehicles in Australia, 
unfavourable to wider peneteration of electric vehicles in Australia.  

2) Current Fringe Benefit Tax (FBT) arrangements have a strong negative impact on the attractiveness of 
Battery Electric Vehicles for the business fleet in Australia; 

3) Battery Electric Vehicles offer substantial savings in terms of operating costs over car ownership period. 
However, these savings are insufficient to close a substantial price gap of new BEVs and ICEVs. 

4) FBT waiver for BEVs have capacity to improve attractiveness of the BEV for some business fleet owners.   
5) For the business that are not subject to FBT, the Total Cost of Ownership difference BEV Kona and ICEV 

Kona is significant, albeit much smaller than the difference in acquisition costs.  
6) Instant Asset Write-Off has some capacity to reduce further the Total Cost of Ownership for Battery Electric 

Vehicle albeit insufficient to fully close the gap in the cost of ownership differential.   
7) State Government Subsidies play a positive role in improving attractiveness of BEVs. However, the current 

subsidies in several Australia states are insufficient to fully close the gap in total cost of ownership.    

Conclusions 
The paper concludes that several widely discussed tax policies have some capacity to reduce TCO gap between BEVs 
and their ICEV counterparts. However, further incentives might be required to dramatically improve extremely low 
peneteration of electric vehicles in Australia. They include subsidies, rebates, infrastructure improvements and 
regulatory changes that would support home charging of business fleet vehicles.    
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Overview 
Saudi Arabia has reformed electricity prices several times since 1984 in an attempt to improve energy efficiency and 
rationalize consumption while keeping electricity affordable to end users. The relatively low electricity prices in Saudi 
Arabia have caused a gradual growth in electricity consumption. This study first reviews the history of changes to 
electricity prices in the Kingdom. There is not a unique publicly available source providing broader information about 
the evolution of Saudi electricity prices covering all the country sectors. Therefore, the study first aims to shed light 
on how electricity prices evolved in the Kingdom, investigating its changes across consumer types. It then 
contextualizes the data by detailing the process of data breakdown by consumption slab. The study utilizes the newly 
collected price data to model electricity consumption by the government sector at a regional level.  
 

Methods 
Collecting data from different sources, the study highlights the change in the growth rate of Saudi electricity prices 
over time across the sectors. Data sets were built for the analysis covering tariffs in detail with a breakdown of 
consumption slabs. The historical electricity price changes with the major end-use sectors data classification have 
been compiled and summarized into residential, commercial, agricultural, industrial, government, healthcare, private 
education and charitable institutions. The first part of the study determines only years where electricity prices have 
changed. The second part covers the more detailed information and separates sectors by tariff segment and 
consumption slab. The related sectors such as charitable societies and mosques, educational institutions and private 
hospitals have been combined into one data group for the analysis. The procedure to classify consumption slabs have 
different stages, i) define the information that can be collected in the data model, ii) divide the consumption into 11 
slabs by 1000 kWh difference, starting from 1-1000 kWh segment to >1000 kWh segment, iii) detail the time-period 
of the price data by month to demonstrate the changes. After having the sector-specific data set, the region-specific 
government sector electricity consumption will be modeled utilizing cutting-edge econometric estimation techniques. 
The Augmented Dickey-Fuller (ADF) unit root test will be used to examine the stationarity properties of the variables 
(Dickey and Fuller, 1981). The cointegration tests developed by Engle and Granger (1987), and Pesaran and Shin 
(1999) will also be utilized to determine if there are long-term relationships between the variables. Different estimating 
approaches will be applied to uncover the connections between the variables. In particular, the General to Specific 
(GETS) modeling technique (Doornik and Hendry, 2018, inter alia), and the Structural Time Series Modeling (STSM) 
approach (Harvey, 1989) will be used. 

Results 
Data breakdown results showed that the electricity prices in Saudi Arabia vary according to the consumption 
segment/slab and the consumer type. Prior to 1984, different electricity prices were used across the regions of Saudi 
Arabia. It then indicated that on November 23, 1984, the government introduced new tariffs that were consistent across 
the Kingdom, distinguishing between two different sectors: industry and non-industry (ECRA 2008). Changes in these 
tariffs occurred in 1985 in the residential, commercial, and government sectors (which this study focuses on to apply 
regional level estimations), and remained the same for seven years to 1992, followed by another change in 1995 that 
remained for five years. Based on the compiled data, a new tariff structure was then introduced in April 2000, with a 
second minor change in October of the same year. By the end of 2000, the new tariff structure distinguished three 
different sectors (ECRA 2008). The three price categories were applied and unified for each of the following consumer 
groups: i) Residential, commercial, and government ii) Agricultural, mosques, and charitable societies iii) Industrial, 
medical facilities, and private educational institutions. 

In 2010, a new tariff structure was implemented that affected the government, commercial, and industrial sectors. This 
new structure introduced separate tariffs for the commercial and government sectors, which were no longer tied to the 
residential sector.  
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Electricity consumption increased gradually in annual basis, while increases to electricity tariffs occurred again at the 
start of 2016 as part of a wider energy price reform program. The new tariffs for the residential sector, agricultural 
sector, and mosques and charitable societies were divided into four segments. Conversely, the governmental, hospital 
and industrial sectors were given one tariff for any quantity of consumption (Akhbaar24 2015).  

Saudi Arabia launched new energy price reforms on January 1, 2018, in accordance with Saudi Vision 2030. These 
included electricity price reform, with the following key goals: 

� To improve the government’s fiscal position 
� To incentivize modest consumption 
� To promote a sound investment model in industries 
� To redistribute benefits to target segments 

(Fiscal Balance Program 2018) 

In addition, the government implemented a value-added tax (VAT) with a standard rate of 5 percent that is imposed 
on goods and services such as water, electricity, and gas. VAT then increased by an additional 10 percent in 2020, 
totaling 15 percent (Arab News, 2022).  

The residential sector experienced a steep increase in electricity prices in 2018. The price increase also occurred in 
the commercial and agricultural sectors. While governmental, industrial, charitable societies, private hospitals and 
educational sectors remained the same (SEC 2018). In this study, the compiled data sets determine the years where 
the price changed multiple times, where the prices of two waves, including the last increase, were applied in the 
analysis. The model will uncover the region-specific price and income elasticities for electricity demand by the 
government sector. Then utilizing the estimated models, the study aims to make electricity demand 
projections/forecasts until 2030 for regions.�
Conclusions 
The purpose of this study is firstly to produce a model data set to serve as a unique publicly available source for the 
evolution of electricity prices in Saudi Arabia by consumer types. Combining data from different sources, a price data 
set for electricity ranging from 1984 to 2022 has been generated for further analysis. In addition, the consequences of 
two price waves, on electricity consumption across sectors during the years 2016 and 2018, have been analyzed. 
Moreover, considering Covid-19, the sector-specific impacts on electricity consumption have also been investigated. 
The created data set will be utilized to model the government sector electricity consumption at a regional level. The 
output of the study will cover the estimated models and projections/forecasts based on those models. The results of 
the study could be used in policy-making decisions related to overall and region-specific government sector electricity 
consumption.   
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Overview 
The residential sector is the second largest consumer of electricity in India, accounting for 30% of the total 

energy consumption (IEA, 2020). Moreover, the energy sector is the largest contributor towards greenhouse gas 
emissions (37%) in India (“India: GHG emissions”, 2019). The estimates provided by the IEA (2020) indicate that 
India’s energy demand is expected to increase by 35% between 2019 and 2030. The electricity consumption in urban 
households includes the use of electrical appliances for cooking (induction-stove), space heating (electric heaters), 
water heating (electric geysers), cooling (air conditioners, air coolers, and fans), and lighting (tubelights). Compared 
to other end-uses of energy, the energy used for space-cooling is growing faster and has more than tripled between 
1990 and 2016, globally (IEA, 2018). India is one of those countries that is characterized by tropical climate conditions 
where the number of households owning air conditioners is expected to rise 15-fold by 2040 (IEA, 2020). However, 
this pattern of residential electricity use varies across states and countries due to their climate attributes, economic 
factors such as income and electricity price, and household characteristics such as household age, household size, 
dwelling type, and dwelling size. Household size and household income are the two most common household-specific 
socio-economic indicators used in the studies carried out in other country contexts (Wangpattarapong et al. 2008; 
Huebner et al. 2015). Moreover, household income is observed to be a more significant variable in the majority of 
studies explaining residential electricity demand (Wangpattarapong et al. 2008; Eskeland & Mideksa, 2009) as 
compared to household size. However, it is crucial to understand that occupant behavior plays an equally important 
role in determining the electricity consumption within a household. This behavior is governed by the ownership pattern 
of different appliances and their use based on the climatic conditions prevalent in a region at a particular time-period 
(Wallis et al. 2016). However, the complex nature of consumer behavior makes it complicated for researchers to 
capture its influence on energy usage (Chen et al. 2013). Few studies have attempted to analyze these consumer 
behavioral factors and their linkage with residential electricity demand (Sanquist et al. 2012; Chen et al. 2013; Wallis 
et al. 2016). To our knowledge, Singh et al. (2018) is the only study in the Indian context that has included the 
behavioral component in terms of the ownership pattern of different electrical appliances. Their results showed that 
household electricity consumption is influenced more by the ownership pattern of the air-conditioners than by 
demographic variables like electricity prices. To fill this gap in the literature, this study aims to address two research 
objectives:� �� to investigate the changing pattern of household electricity use during summers in Indian states 
characterized by different climate attributes; and 2) to analyze the role of socio-economic, demographic, and 
behavioral factors in influencing the urban household cooling electricity consumption within Indian states.  

Methodology 

        Household survey was carried out within the selected districts of four states, i.e., Rajasthan, Uttar Pradesh, 
Punjab, and Maharashtra. Five districts (given in the Table below) were chosen as representative of these four states 
based on two sets of criteria: a) they should belong to different climate zones within each state; and b) they should 
represent a higher percentage of total state population as well as urban population. In order to examine the 
importance of socio-economic, behavioral, and demographic factors within a household, a multiple log-linear 
regression technique was deployed to determine their significance behind the change in residential monthly cooling 
electricity consumption. A cluster sampling technique was used to select 1053 households for the survey within the 
five districts of the four mentioned states. A closed-ended questionnaire survey was used to perform the survey 
during 2019–2020 (summers).  

Table : Districts selected for carrying out the survey 
DISTRICT STATE NAME  CLIMATE ZONE 
Amritsar  Punjab Composite 
Lucknow Uttar Pradesh Composite 
Bikaner Rajasthan Hot and dry 
Aurangabad Maharashtra Hot and dry 
Nagpur Maharashtra Composite 
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A multiple-linear regression (MLR) model was formed, with monthly household electricity consumption (log-
transformed) during summers (KWh) as the dependent variable, and demographic factors (number of members in a 
household, family compostition, and dwelling size), behavioral factors such as usage of electrical appliances (air-
conditioners, air-coolers, refrigerators, and fans) during the morning (5:00–9:00), afternoon (13:00–18:00), evening 
and late-evening (18:00–24:00), and late-night (0:00–5:00), different appliance attributes such as the brand, type, 
star-rating, and capacity, and socio-economic (family income) factors as exogenous inputs. Due to the presence of a 
high degree of multicollinearity between family size and other variables, it was dropped from the model. Both 
standardized and unstandardized coefficients were obtained for all the variables.  
 

Results 
The statistical results of the household survey show that, on average, a household consumes 593 KWh of 

electricity during the summer, with the highest consumption in Amritsar and the lowest in Lucknow. This can be 
attributed to the lower household income, smaller dwelling size, usage of all three electrical appliances such as air 
conditioners, air coolers, and fans in the latter. The daily average number of operating hours of air coolers was 
observed to be higher than that of air-conditioners (ACs) and fans. Similarly, the average hourly usage of air-coolers 
on weekdays was higher than that of fans and ACs, whereas on weekends, both air coolers and fans were found to be 
used for an equal number of hours. As expected, the pair-wise correlation matrix shows that household income, 
behavioral variables, and demographic variables were positively correlated with residential electricity consumption. 
In contrast to this, a negative correlation was observed between the number of children in a household and residential 
electricity consumption. This can be due to the greater engagement and awareness of children in following energy 
conservation practices at home when compared to adults. The empirical model findings show that both household 
characteristics and behavioral factors alone account for 32% of the variability in household electricity consumption, 
leaving aside household income. In contrast to the earlier literature, household income turned out to be insignificant. 
However, behavioral factors such as the use of air-conditioners during the evening and late-evening, and the usage of 
fans during the afternoon turn out  to be the most significant determining factors behind cooling electricity 
consumption in urbanized households across the Indian states. This was followed by the number of adults and children 
within a household.   

Conclusions 
In this study, we aim to investigate the major factors that influence the household electricity consumption during 

the summer season in five districts from two different climate zones. This was based on a household survey conducted 
within 1053 households. A multiple log-linear regression technique was deployed to determine the significance of the 
various demographic, socio-economic, and behavioral factors. The factors related to appliance usage time during the 
day turned out to be most significant in our study. This was specifically true for air conditioners and fans. Hence, 
behavioral factors related to the usage of appliances should be considered when effectively designing policies in India. 
The increased consumer awareness on how the inefficient use of electricity contributes to higher emissions and global 
warming is pertinent. Hence, switching to more energy-efficient practices by households is required in the long run to 
reduce the carbon footprint of the residential sector. Some of the factors which are not considered in the study such 
as, the age of household head, electricity price, household type, dwelling age, and behavioral patterns related to other 
household appliances, can be considered in future research studies. This can add a different dimension to exploring 
their linkage with electricity consumption. Similar household surveys should be extended to other districts and states 
within India. Additionally, heating electricity consumption can also be studied in the states where the winter season 
is prominent.  
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Overview 
Following the liberalisation of the European energy markets that started in the 1990’s, the French retail electricity 

market was fully opened in July 2007. The liberalisation aimed to increase competition, which theoretically should 
lead to gains in efficiency and consequently, to decreasing prices for consumers. However, the need for retail 
competition and the real benefits for consumers have been subject to debate since the liberalisation process started.  

Furthermore, in a context of international commitments against climate change, European climate and energy 
targets have been set to reduce GHG (greenhouse gases) emissions. Among these, the increase of the share of 
renewable energy sources in final energy consumption up to 20% by 2020 (which has already been reached, according 
to data from Eurostat) and up to 32% by 2030. In line with this, and according to the French Energy Code, the national 
energy targets aim to increase the share of renewable energy sources up to 40% of the French electricity generation 
by 2030.  

In this context, several empirical studies have analysed the effects of liberalisation and regulatory market reforms 
on electricity prices. Most of them, providing analysis for a panel of European countries, while only a few analyses 
the case of particular countries. Moreover, numerous empirical analyses have demonstrated that the increasing share 
of renewable energy sources in electricity generation leads to decreasing wholesale electricity prices. With regard to 
household prices, however, the effect is still ambiguous and has not been largely analysed in the French case. 

This paper examines market structure and competition as well as the green retailing development of the French 
retail electricity market. It aims to assess the development of the market and to provide quantitative evidence of the 
effect on household prices of retail competition and the greening of the market. In other words, we investigate the 
relationship between household electricity prices and variables related on the one hand, to the greening of the market 
(increased electricity generation from renewable energy sources, increased number of green retailers and green 
electricity contracts supplying only electricity generated from renewable sources). On the other hand, to the intensity 
and type of competition in the market. 

 

Methods 
We used data provided by the French Commission of Energy Regulation and by the Data and Statistics’ Studies 

Service (SDES), for the period 2011-2021. Through several statistical indicators, we provide an insight of the French 
retail electricity market with regard to market structure, competition and its green retailing development. Furthermore, 
a regression model is developed to study the relationship between household prices and the competition and greening 
indicators.  

 

Results 
Although the French retail electricity market remains highly concentrated, in this paper, we show that competition 

is mainly characterised by product innovation with regard to sustainability, in the form of an increasing number of 
green electricity contracts (green retailing). 

With regard to household prices, our statistical analysis suggests a significant price difference between green and 
conventional electricity contracts for the fourth trimester of 2016. Green electricity contracts being in average 
significantly more expensive than conventional electricity contracts. However, when analysing for the second 
trimester of 2021, the price difference between both types of contracts is not statistically significant. 
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Finally, some preliminary results suggest also that household electricity prices increase with the increasing 
number of electricity contracts available for consumers and with the increasing share of renewable energy sources in 
final electricity consumption.  

 

Conclusions 
Fifteen years after its creation, the French retail electricity market remains highly concentrated despite the 

increasing number of retailers entering the market. According to the French Commission of Energy Regulation, the 
four largest retailers captured a 97% share of contracts for final consumers in 2019. 

Competition is mainly characterised by product differentiation, which is mostly represented by green electricity 
retailing. With regard to household prices, we found significant evidence of price differences between green and 
conventional electricity contracts at the earliest stages of the market, with green contracts being in average more 
expensive than conventional contracts. However, in recent years, this price difference seems to be no longer 
significant.  

Our research is currently going through the analysis of the relationship between household prices and the variables 
related to competition and the greening state of the market. 
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Overview 
For power system planning purposes, resources have historically been assigned capacity credit consistent with 

the extent to which their output could be relied upon to offset peak load.  For intermittent resources, historical or 
expected daily and seasonal output profiles have been correlated with load shapes to assess their contribution to 
serving peak load.  In North America, the concept of effective load carrying capacity (“ELCC”) has been developed 
as a means to frame the discussion about the role of intermittent resources and the extent to which additional back 
up capacity is required. 

At increasing levels of penetration by solar photovoltaic (“PV”) resources, there is a risk that subsequent 
additions may provide little or no augmentation to the system’s capability to meet peak load.  This situation is 
exacerbated if there is a significant amount of behind the meter (“BTM”) solar installed, as the system peak (net 
load) may consequently peak as production from both utility scale and BTM solar abates in the evening. 

In North America, this challenge may become more acute as a result of electrification of heating, as winter peak 
demand is likely to occur after dark, rendering PV of little reliability value during several months of the year.  While 
the interconnected nature of continental electricity systems may allow for some sharing between time zones, the 
transmission system is not adequate to allow for balancing across four time zones, nor would time differences alone 
be sufficient to address the issue. 

The situation in Kingdom of Saudi Arabia (KSA) is different; load profiles are different from North America, 
the potential solar PV resource is more extensive, electric heating load is low, and BTM penetration less significant.  
Nonetheless, the role of solar PV needs to be carefully considered in a KSA context. 

Methods 
In this paper, the authors shall take the following approach: 

� Review the approach to calculating ELCC in the PJM Interconnection and other US independent system 
operators (“ISOs”); 

� Based on publicly available information regarding KSA load profiles and PV production curves, assess PV 
ELCC today in KSA, being mindful of potential regional differences; 

� Review solar PV targets for KSA and assess corresponding PV ELCCs in target years given expected load 
growth but assuming no change in load profile; and 

� Assess PV ELCCs based on scenarios regarding BTM solar penetration and the impact on load profiles. 

Results 
The following outcomes shall be presented based on the undertaken analysis:  

� Determine whether targets for dispatchable resources (batteries, fossil fuel, demand response) in target 
years reflect system needs given PV ELCC, with and without solar BTM penetration; and 

� Recommend adjustments to targets if appropriate. 

Conclusions 
The results from this study will help us to understand the resource portfolio needs for KSA in the near future when 
integrating increasing levels of solar PV into the grid, and recommend adjustments to the current targets if 
appropriate. 
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Overview 
 

This paper provides a comprehensive review of the current state of the electricity sector across six countries in 
the Middle East and North Africa (MENA) region, specifically Saudi Arabia, Oman, Lebanon, Jordan, Egypt and 
Morocco. The paper highlights the major challenges facing electricity utilities including the unsustainable growth in 
power demand, the significant losses and fiscal defict, the growing dependence on natural gas, the limited grid status, 
the detrimental effect of subsidies, and the impact of climate change and rising temperatures on the sector’s 
performance.  

Despite the wide disparities across the region and the expanding gap in the capacity to reform and invest in the 
power sector, these challenges are common trends at various extent levels within these six countries. The paper 
analyses the power sector status from an energy security and climate change lense while reflecting on the sector’s 
prospects under the business-as-usual scenario.  

 The analysis show that there is some progress in the majority of the countries in addressing these challenges at 
diverse scales and effectiveness, but that reforms are not linear and are dependent on a series of factors including 
governance, institutional strength and ability to attract investments. The paper finally suggests that opportunities are 
present to enhance the power sector’s performance, climate resilience and energy security through energy conservation 
and storage, renewable energy deployment, and connectivity.  

 

Methods 
 

In this paper we study extensively the power sectors of Saudi Arabia, Oman, Lebanon, Jordan, Egypt and 
Morocco to compare different metrics and changes across time in electricity demand, installed and available capacity, 
fuel source for power generation, cost of generation and recovery, tariff subsidies, fiscal performance, technical and 
non-technical losses, and System Average Interruption Duration Index. The six countries are selected to reflect 
different categories of MENA countries, through: 1) regional segregation into Gulf states, Levant and North African 
countries, and 2) economic segregation into high, middle and low-income countries, and petroleum-producers and 
net-energy importers. 

The research is evaluated and supplemented with official and publicly available documents and conversations 
and extensive discussions with experts in the field in the studied countries. The methodology therefore involves 
analysing various sources and interpreting the metrics through a thorough comparison to draw results and conclusions 
for more sustainable power sectors. 

 

Results 
The power sectors are recording unsustainable growth in demand driven by the fuel and electricity subsidies, 

growing population and economic activity, climate change impact on cooling and water needs, electrification of 
sectors such as transport, and digitization.  

The growth however has witnessed a downward trajectory in certain countries such as Saudi Arabia and 
Egypt in the last five years compared to a decade earlier. Egypt’s annual growth averages slightly less than 4%. Saudi 
Arabia has seen its electricity demand growth exceeding 4% in 2021, after a couple of years of decline. 

                                                                   

[LIGHTING THE PATH: CHALLENGES AND OPPORTUNITIES IN MENA POWER 
SECTORS] 

[Jessica Obeid, Non-Resident Scholar- Middle East Institute, +447401717544, jessica@obeid.re] 

E
le

ct
ri

ci
ty



98

This growth has been driving a race for additional power generation capacity in the region, and this capacity 
is increasingly reliant on natural gas, which most countries do not produce at all or do not produce enough of to meet 
the growing demand. Gas is currently the source for 52% of power generation in Saudi Arabia. In Lebanon, gas is still 
not part of the energy mix, but is required to decrease the cost of electricity recovery.  

Fossil fuel subsidies have been detrimental to the performance of the power sector. Despite the many plans 
to phase them out, the implementation of price restructures has lagged and is becoming increasingly difficult with the 
volatile price of oil, for socio-economic and political reasons.  

Even though there are disparities across countries, planned power sector projects in the region top the energy 
sector’s investments. The bulk of investments however targets the generation sector, and only a minor share is 
allocated for transmission and distribution networks.  

Climate change and extreme weather events increasingly impact all components of the power systems. They 
also affect the availability of primary energy sources. The impact of climate change is witnessed in the increase of 
cooling and water demand leading to record peak demand in mid-summer heat. 

Most of these countries have implemented reforms in the power sector, mainly in tariff restructure. But 
economic and political changes have led to a non-linear path of reforms. 

Key factors in mitigating the power sector challenges are sectoral governance, institutional strength and 
ability to attract investments. 

The way forward requires doubling-down efforts in energy efficiency measures implementation and solid 
action plans and investments for renewable energy plus storage. 

Further action is needed to integrate and optimize the three separate grid interconnections in the region to 
mitigate the race for additional power generation capacity and better integrate renewables.  

 

Conclusions 
 

The growth in power demand is unsustainable driving an unhealthy race to additional power generation. The 
power sectors also suffer from unhealthy financial performance impacting the utilities’ ability to invest, especially in 
non-attractive sectors such as transmission and distribution. Energy security is compromised and further aggravated 
by the impact of climate change.  

Decision makers should account for all these factors in developing electricity policies and projects, and should 
consider strengthening climate resilience as an integral part of the power systems. 

Chartering a sustainable and energy secure path requires going back to basics and doubling-down efforts in energy 
conservation, integrating clean and storage systems, and building an efficient electricity exchange market. 
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Abstract
Overview
Electricity demand has been one of the longest and most heavily studied of energy products with the first econometric
study found published in 1951. My last survey paper relating to electricity, Dahl (2011a) cites 7 studies between 1974
and 2005 that survey or do meta-analyses on electricity demand elasticities. These eight studies span more than 400
econometric electricity demand studies dated between 1951 and 2008. Summary statistics for each of the more than
400 articles are included in the database Dahl (2011b). With electricity currently providing around a quarter of the
global anthropomorphic emissions of CO2 (EPA 2022), electric cars looming on the horizon (10% of new light duty
vehicle purchased were electric in 2021 (IEA 2022) and more than 700 million people currently without access to
electricity (Worldbank, 2022), this interest has not wained. Since my last extensive database update of electricity
demand elasticities (Dedd2011_El), more than 100 new studies have been found, which contain electricity demand
elasticities and two studies do metanalysis. (Labandeira, Labeaga, and López-Otero, 2017) consider all demands for
electricity for papers published from 1990-2016 while (Zhu, Li, Zhou, Zhang, and Yang, 2018) consider only residential
demand for electricity on papers published from 1990-2016. My goal in this paper is to build on the impressive array of
survey work already completed by first gleaning what conclusions they provide and then consider the more than 500
studies collected to find what additional information they provide that can help us better understand electricity demand
and how it has evolved.
Methods
The survey work and meta analyses typically consider a number of categories to see their effect on estimated price and
income demand elasticicities in the short- and long-run and elasticities on static models which do not distinguish
between short and long run. Categories can include sectors, data types and frequency, income levels, geographic
regions, time period, environmental characteristics, functional form, and econometric methodology. I will begin there as
well and compare and contrast the existing surveys. I will then dig deeper and add the more than 100 new electricity
demand studies to my existing publicly existing database on electricity demand. Histograms and statistical measures
will provide an overview of this rich and most up to date database that considers the demand for electricity for all
countries and sectors. The database includes not only the price and income elasticities and categories typically
included in the survey work but all the variables included in the estimated equations. This will allow consideration of the
effects of other variables that are not as well studied.
Results
From considering the survey work, I will conclude where they agree, where they disagree, where the most uncertainly
lies, and important questions that remain to be answered. Then I will proceed to consider the original articles I have
collected over the years to do a critical analysis of these available studies, summarize what additional variables have
been included, and determine what if anything we can infer about their effect on electricity demand and elasticities.
Such variables will include weather, urbanization, and variables relating to policy. Additional I will focus more
specifically on topics where less survey work has been done including electricity demand in the poorest of countries,
cross price elasticities, elasticities by time of day and electricity demand by industry, which shows rather large variation.
Conclusions
Understanding the likely value of demand elasticities in the past, how they have evolved, and what drove electricity
demand growth is important information for a whole host of stakeholders including electric utilities, international capital
markets, electricity consumers, electricity regulators and other policy makers interesting in providing clean and
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affordable electricity to the global population. The ongoing database should prove valuable to them as well. More
importantly, the results from the past will be used to speculate about implications for the future and needed research as
we march towards net zero.
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The Italian electricity market was characterized by a gradual increase in prices since September 2021 
and a remarkable increase in prices after the burst of the Ukraine crisis, with record prices of about 800 
Euro/MWh.  This paper aims to investigate the exercise of market power in the Italian power exchange 
during the crisis. The cointegration of oil, gas and electricity price is preliminarily analyzed and then the 
Zonal Lerner Index is computed for every hour in January–September 2022 for the main operators on 
the supply side in the Italian day-ahead market. Furthermore, we analyzed the correlation between 
market power and the effect of the crisis in specific periods. The results showed that the exercise of 
market power on the supply (mark-up) sides was considerably changed during peak hours and in specific 
off-peak hours. Overall, the main players have somehow increased the intensity of market power during 
the Ukraine, which calls for a reform of the market regulation and more pro-competitive action by the 
regulatory authority.  

 

Methods 

We used a unique data set of about 100 million individual demand and supply bids in the Italian 
electricity market for the period 1 Jan to 30 September 2022, taken from the databases of the Italian 
market operator—Gestore Mercato Elettrico (GME). Data are daily and provide all offers to buy and sell 
blocks of electricity in the day-ahead market. This information is publicly available, according to Article 
2, paragraph 2.1 of the Decree of the Ministry of Economic Development of 31 July 2009. The method  
was developed in two stages. In the first stage, for each hour of the study period, we computed the 
Zonal Lerner Index (ZLI) for the main strategic players (in the demand and supply sides) using the inverse 
of the residual supply-demand functions. The computed hourly ZLIs proxy the market power exercised 
by the main operators. Then, in the second stage, the computed hourly ZLI were regressed on some 
variables expressing the main structural features of an electricity market, including the dummies 
representing the different periods during the outburst of the Ukraine crisis. 

 

Results 
 

We tested the following hypotheses on the supply side: H1. The exercise of market power on the supply 
side increased during the crisis; H2. The stricter lockdown is associated with an increase in the exercise 
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of market power during the evening hours; H3. A decrease in market power occurs when RES is the 
marginal technology.  

 

First, we observed a general increase of the ZLI levels during the crisis period, with respect to the 
previous period (1 Jan to 24 FEb).11 Second, the strict lockdown period showed that all suppliers are 
characterized by ZLI values larger during midday hours than evening hours. 

Second, we note a trend reduction in the exercise of market power compared to the previous period in 
the hours where no congestion, but  when the market was segmented into three-zones, the mark-up 
generally increased for almost all operator in the same periods. 

Third, the Market power increases during the crisis period, when the marginal technology setting the 
equilibrium is the market coupling with other European markets. Fourth, considering the market energy 
mix, empirical results showed that the share of RES contributed significantly to lower the exercise of 
market power.  

����) �!���	

These findings have relevant policy implications for designing a new market reform and a new 
regulatory strategy to monitor the market during exceptional times and improve efficiency in the Italian 
electricity market The fact that the HHI did not change significantly during the exceptional time but the 
Lerner index changed for the worst, it is a clear indication that the Regulatory Authority has to adopt 
monitoring instruments that need to be more efficient, 
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Summary 

 

In April 2021, the Algiers Declaration on the green hydrogen plan was signed by 
Ministry of higher education and ministry of energy transition and renewable energies 
It represents the first step of a plan to develop the green hydrogen industry in Algeria. 

The Algiers Declaration's vision is to move gradually towards clean energies, 
including green hydrogen, and to prepare Algeria’s energy transition for 2035. It also 
goes towards limiting the over exploitation of fossil fuels, which are in continuous 
decline, and their negative impact on the environment. In order to achieve that goal 
and despite the economic disruptions caused by the COVID-19 pandemic, there are 
a number of large-scale renewable energy projects ranging from 50 to 300 MW in the 
pipeline, amounting to 15000 MW, with over totality being solar power. The 
declaration would be a milestone towards a National Hydrogen Strategy. 

Indeed, compared to Europe, Algeria has world-class largely untapped solar 
resources, whereas Europe has a growing energy demand needing to decarbonize in 
line with the Paris Agreement and the UN Sustainable Development Goals. 

Moreover, the demand for green hydrogen in Europe is expected to be tremendous 
by 2030-2050. It is to notice that among the European states, Germany has a close  
interest in green hydrogen as part of its support for low emissions technologies. 

The value of Algerian green hydrogen including green ammonia (PtX technologies) 
exports is not estimated yet but represents a huge potential. Thus, Algeria has to 
position itself to take a sizable portion. This will is subjected to an effective political 
good will based on attractive policies such as win-win collaboration opportunities that 
would contribute to the diversification the economy and offer jobs opportunities. 
Moreover, the Algerian green hydrogen could fulfill the local demand and supply 
Europe.  
 
Thus, to reach these objectives, a strategy should be initiated to build Algeria's green 
hydrogen industry. The strategy would begin with a plan to accelerate the replacing 
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of grey hydrogen production by green hydrogen, the reducing of technical 
uncertainties, the build-up of a domestic supply chains, and the production 
capabilities. A strong domestic hydrogen sector will underpin Algeria's exporting 
capabilities to make it a leading global green hydrogen player. 
 
However, a detailed analysis of hydrogen production from renewable sources, 
considering the capital expenditure, the OPEX costs, and any other expenses seems 
a compulsory task to evaluate the project feasibility, its advantages and drawbacks. 
 
It is to notice that all the wilayas of Algeria have excellent prospects for hydrogen 
production, have the possibility to switch to green hydrogen from the grey hydrogen 
used for the local market, notably for the production of ammonia and glass. Through 
adoption of such strategy, removing barriers to industry development and 
encouraging investments would consolidate the realization of the project. 
 
In the framework of the project, our consultations with different industries involved in 
hydrogen production and utilization showed that Algerian companies are ready to 
apply their ingenuity and considerable experience to produce and use of green 
hydrogen. The best way to start is an effective coordination and cooperation between 
the government and industry sector to work together to implement a national 
strategy. 
 
Algeria has qualified human resources, and the experience, to take advantage of 
increasing upcoming worldwide demand for clean hydrogen. An integrated low-cost 
renewable generation will reduce dependence on fossils fuels, and helps local 
reducing carbon emissions 
 
A key element of Algeria’s approach will be to create hydrogen hubs – clusters of 
large-scale demand. These may be at ports, steel and glass industry, ammonia 
production, or in regional or remote areas.  Hubs would make the development of 
infrastructure more cost-effective and  foster research and innovation. These will be 
complemented and enhanced by other early steps to use hydrogen in heavy 
transport, industry and gas distribution networks, and integrate hydrogen 
technologies into the electricity production in a way that enhances its reliability. 
 
Algeria aims at having an important renewable energy share in its electricity system 
and develops green hydrogen industry, and is well positioned to become a global 
leader in exporting renewable hydrogen if the appropriate research informed effective 
policies are put in place. A timely energy transition is needed to accelerate renewable 
uptake and advance the budding renewable hydrogen industry. 
 
Such efforts can support Europe to decarbonize its industry, meeting Paris 
Agreement and sustainable Development Goal agendas, while establishing an 
Algeria’s economy diversification. 
 
This paper provided a brief summary on the current policy framework and economic 
prospects of green hydrogen that are intended in Algeria. 
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Overview 
The global electricity consumption was estimated to be 30,000 TWh in 2019 which is predicted to be doubled by 2050 
and >1/3rd of this energy is expected to be generated from the wind and the solar energy sources (Cloete, 2019). Saudi 
Arabia consumed around 350 TWh of electricity in 2019 (IEA, 2020). Currently, Saudi Arabia uses one-third of the 
daily oil production for electricity generation (Felimban et al., 2019). With the depletion of the fossil fuel resources, 
Saudi Arabia is ardently exploring alternate sources of energy to meet its increasing demands. The population 
increased by more than 500% in the last four and a half decades (“General Authority of Statistics, Saudi Census,” 
2015); and during the same period, the number of industries increased by around 35 times (“Saudi Industrial 
Development Fund, SIDF,” 2019). By 2030, the projected demand for energy is expected to exceed 120 GW/year. 
According to the government’s initiative, an initial target of 9.5 GW is set (Kingdom of Saudi Arabia and Saudi Vision 
2030, 2016). Moreover, Saudi Arabia also aims to reach net zero by 2050. 
In this study, a comprehensive techno-economic feasibility of generating grid-connected renewable energy mainly by 
using solar photovoltaic, PV panels, and commercially available horizontal axis wind turbines is conducted for a car 
parking lot at KFUPM, Dhahran, Saudi Arabia. The system design will also cater to a considerable EV charging load 
of around 20 sessions per day for various EVs. The huge primary load of 20,000 kWh/day with EV charging facility 
is also new to this region. This large solar parking area along with the EV charging facility and detailed costing 
analysis of the design with project parameters is the novelty of this study. According to the Saudi Vision 2030, the 
utilization of renewable energy is high on the agenda of the nation with an initial goal of generating 9.5 GW of 
renewable energy by the end of 2030. Moreover, three new cities NEOM, AMARA, and RED SEA are under 
development and are planned to be meeting 100% of their energy from renewable energy. The transport sector is 
critically important and hence car charging facilities have to be developed and the present study is an initiative towards 
the same. This will lead to increased renewable energy penetration in the existing energy portfolio and will help in 
reducing reliance on fossil fuels for power generation.  The feasibility of charging the electric vehicles from the power 
generated using renewable sources will be vital for future usage in green cities like NEOM.  

Methods 
Firstly, the parking lots at KFUPM were identified. The monthly averaged daily solar global horizontal irradiance 
(GHI -kWh/m2/day), from a data set of around 22 years, was used as input in HOMER software. In parallel, the 
location was assessed for the suitability of installing commercial horizontal axis wind turbines of suitable rated power. 
For the assessment of the suitability of the area, ArcMap, the core module of ESRI’s ArcGIS collection of software 
programs is used in addition to personal visits. The campus was not found suitable for the installation of commercial 
wind turbines as there was no clear suitable area. Finally, a grid-connected solar car park was designed with a converter 
and battery storage (Baseer et al., 2019, 2015; Baseer et al., 2017(a and b)). The peak solar irradiance and annual 
averages clearness index (CI) is analysed for this site. In addition, for locations that are suitable for wind turbine 
installations, the hourly averaged wind speed and direction be obtained from long-term historical weather records. 
In the next step, the specifications of the suitable PV panel were identified. The technical and economic data such as 
capital, replacement, operations, and maintenance cost, and lifetime of each of the components used in this study are 
obtained from reliable literature resources and software. The optimum grid-connect hybrid power system is designed 
with daily average power generation in kWh, peak power generation in kW, Cost of energy, COE in USD/kWh, initial 
capital, net present cost, NPC in USD, and payback time.  

Results 
A grid-connected solar car park with a net metering scheme is designed to meet primary and EV charging loads of 
20,000 kWh/day and 578 kWh/day respectively. The proposed PV system was simulated using HOMER Grid 1.8. It 
resulted in 84 possible solutions. Out of which 31 were ignored due to having very large energy sales back to the grid. 
The three optimum grid-connected system designs were selected based on the least values of COE and NPC, as shown 
in Table 1. Option 1 is the system with the least COE (0.0374 US$/kWh), comprised of solar PV panels and an 

GRID-CONNECTED RENEWABLE POWER SYSTEM WITH ELECTRIC VEHICLE 
CHARGING STATIONS FOR CAR PARKS ON ACADEMIC CAMPUSES 
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electricity grid without a battery and converter. Since, the solar PV is connected to the grid with net metering or a 
smart meter option, the excess energy produced is directly sold back to the grid and during less or no generation of 
solar power, the energy is drawn from the grid. In a similar study in Dhaka, the COE was estimated to be 0.1 US$/kW. 
Option 2 is another possibility with the least COE (0.0384 US$/kWh) design where all the components; solar PV, 
grid, battery storage, and converter are used. Option 3 (0.085 US$/kWh) is the base case without PV, i.e. 100% of the 
energy is purchased from the grid. This option 3 is presented for a comparison of economics and other relevant criteria.  
 
Table 4: The optimization results 

S.No System Design Cost (US$) Renewable 
Fraction 

Energy 
Purchased 

Energy 
Sold 

IRR Simple 
Payback 

PV 
(kW) 

Li-ion 
battery 

National 
Grid 

Con 
cap. kW 

NPC 
(Million) 

COE 
(/kWh) 

Initial 
Capital 

Annual Bill 
savings 

% kWh kWh % year 

Option1 5,000 - ¼ - 6.07 0.0374 7.49 849,839 69.2 3,870,604 5,069,842 10 8.9 
Option2 4,974 119 ¼ 6.28 6.20 0.0384 7.52 845,114 69.2 3,855,812 5,007,016 10 9.0 
Option3 - - ¼ - 9.47 0.085 - - 0 7,494,770 - - - 

 
The COE of Option 1 is almost 62% less compared to the base case, i.e. 100% from the grid. This significant difference 
in COE could have been possible due to earnings from selling the energy back to the grid. In option 1, 69.2% of the 
total energy is produced by solar PV and almost 56.7% of this total energy is sold back to the grid. The capacity factor 
of the PV system at this location is found to be 19.8%. The annual utility bill saving is estimated to be around US$ 
850,000. The internal rate of return, IRR and simple payback period are 10% and 8.9 years which is considered a 
successful project. In a similar study in UAE with comparable weather conditions, the simple payback was estimated 
to be 13 years (Al Awadhi et al., 2019).  

Conclusions 
An EV is most ideal in academic campuses as it increases awareness and usually, the traveling distances within the 
campus are limited. The techno-economic feasibility of charging EVs from the generated power is also carried out. 
Out of several feasible solutions, one with the least COE of 0.0374 US$/kWh, which is about 62% lesser compared 
to the base case is recommended. This recommended system (Option 1) is comprised of 5,000 kW PV capacity and 
the national power grid. Since the solar PV is connected to the grid with the smart meter option, the excess energy 
produced is directly sold to the grid. The optimum option 2 which utilizes all the components, solar PV, grid, battery 
storage, and converter is found to have a COE of 0.0384 US$/kWh. This option comprises of 4,974 kW of PV, 119 
strings of li-ion battery, and 6.28 kW of converter capacity. The NPC for the two options is found to be US$ 6.07 and 
6.2 million respectively. In both options, almost 69.2% of the energy is produced from solar PV and almost 3.8 GWh 
of energy is purchased from the grid and 5 GWh is sold back to the grid. The annual utility bill savings are estimated 
as US$ 850,000. The internal rate of return, IRR, and simple payback period are found to be 10% and 8.9 years for 
both options. The annual energy served for the charging of EV’s is around 195 MWh i.e. about 1.5% of the total 
energy consumption from the optimum system. The daily average EV charging load is 578 kWh/day. The proposed 
model can be applied to academic institutes elsewhere having similar climatic conditions. 
Overall, it can be observed that the smart-grid with a net metering option will bring down the capital cost considerably. 
This study will lead to increased renewable energy penetration in the existing energy portfolio and will help in 
reducing reliance on fossil fuels for power generation.  The feasibility of charging the electric vehicles from the power 
generated using renewable sources will be vital for future usage in green cities like NEOM. 
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Overview 
The Saudi Arabian 2030 vision aims at accelerating the energy transition to achieve national sustainability in 

accordance with Saudi ambition of achieving net-zero emissions by 2060. Achieving sustainability requires 
investment in Renewable Energy Resources (RES) such as solar PV systems. Saudi Arabia is moving forward to 
achieve its sustainable vision, hence, authorities are investing in Mega-Scale solar PV Projects, such as the projects in 
the Red Sea coast and Neom. Furthermore, legislation is put to accelerate the integration of Distributed Solar PV 
panels as a priority for Saudi residents. For this reason, cooperation between the Saudi Electricity Company (SEC) 
and Water and Electricity Regulatory Authority (WERA), which was also referred to as Electricity & Cogeneration 
Regulatory Authority (ECRA), resulted in the Shamsi program to manage the installation of small capacity solar PV 
systems. The WERA framework is set to organize the sizing capacity, the pricing policy and the required legislation 
procedures for the installation of such residential roof-top solarsystems. In this work, a techno-economic analysis of 
the integration of solar photovoltaic (PV) systems based on the current energy valuation policies set by the authorities 
has been performed for private residential unit located near the touristic islands on the red seacoast between Ummluj 
and Al Wajh cities, the latitude and longitude of the chosen area are 25.34°N and 36.75°E respectively. The study 
found that it is not feasible to invest in an on-grid solar PV system based on the current pricing policies. Therefore,  a 
new energy policy has been proposed, which is an increase in the imported and exported power tariff rates. The 
simulation results revealed that increasing the tariffs for peak load time (10 Am to 4 PM) makes the investment in an 
on-grid PV system feasible for an increased imported tariff of 0.092 $/kWh for the selected location. The proposed 
policy aims and encourages the residents to invest in solar PV systems which will result in the reduction of carbon 
emissions by 2030. Additionally, it will help in managing and shaving the peak load demand which is a cost burden 
on any utility electric company. The current proposal has been assessed for different cities around the kingdom 
representing different climate zones. The hourly simulation is performed using HOMER software and the economic 
analysis is based on the Net Present Cost (NPC) and the Levelized Cost of Energy in USD/killowatt-Hour (COE in 
$/kWh).  

Methods 
In this research study, a solar PV system has been technically sized based on WERA regulations for a real 

electrical load that has been provided by the SEC. The studied residential unit has an average daily electrical 
consumption of 170 kWh and a peak of 16 KW in the summer resulting in a 32 KW solar system after taking into 
consideration the power generating factor, the derating factor, and the effect of the temperature on the efficiency. The 
research has been divided into two main parts. The first part consists of an economical assessment of the cost of energy 
based on the current pricing policies, for both grid-only and grid-connected solar PV. The second part consists of 
increasing the buy and sell-back tariffs for different cities in the Kingdom. For consistency, the analysis is based on 
the NPC (USD) and COE ($/kWh). In both cases, an hourly simulation has been performed using Homer software 
based on an hourly basis. The solar PV has been designed to provide the electric load as per the WERA framework 
taking into consideration the Net-Billing policy, in which the value of the financial exported electricity to the grid 
could not exceed the financial value of the energy imported from the grid. After the technical design, the cost 
estimation and the mathematical model have been provided for an accurate simulation. The simulation Model has 
been built using the selected software, the technical and economic results have been extracted for the analysis of both 
actual and proposed scenarios. For generalization, the simulation has been performed for different energy costs and 
for different cities with different climate zones to achieve a policy that could be applied all around the kingdom. The 
strength of this study comes from achieving the same NPC for a resident implementing a solar PV equal to the NPC 
in the subsidized grid-only scenario. This result has been concluded when analyzing different policies, one is 
increasing the energy imported tariff from the grid to the residential unit and the second is when increasing the energy 
exported tariff from the solar system to the grid.  

 

                                                                   

Net Billing Tariff Assessment  in the Kingdom of Saudi Arabia for a Feasible Integration of 
Distributed On-Grid  Residential Roof-Tops Solar PV 
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Results 
Technically, a total yearly of 62,050 KWh was purchased from the grid for the grid-only scenario. For the case 

of grid-connected solar PV,  a reduction in the yearly energy purchased from the grid by 45% with a provision of 
30,297 KWh additional energy exported to the grid resulting in an increase in the renewable energy share and a 
decrease in the energy required from the conventional power plants. 

Economically, and based on the pricing policies set by WERA, it is found that for the grid for the grid-only 
scenario the NPC over a 25 years lifecycle is 68,481 USD and a Cost of Energy (COE) of 0.0531 $/KWH for a total 
yearly of 62,050 KWh purchased from the grid. On the other hand, the economic results found an increase in the NPC 
by 31 % to a value of 90,258 USD than applying the current actual policy owing to the low subsidized electric cost in 
the Kingdom and to the reduced energy exported tariff that is applied, which makes investing in On-grid Solar PV 
still not an economic choice. 

The proposed pricing policy, is an increase in the energy imported tariff in peak times  (10 Am to 4 PM). It is 
found that for a value of 0.092 $/kWh (the breakeven point in Figure 1 with the grid-only scenario for the increased 
tariff in peak time) could be a feasible solution with an NPC of around 92,200 $ for the selected location when the 
energy exported tariff is still the same as policy (0.02 $/kWh). This could be considered just an increase in the cost, 
for this reason increasing the energy exported tariff to 0.06 $/kWh resulted in NPC decrease from 90,457 $ to 69,271 
$, which is the same cost as the subsidized grid-only actual case.  

The analysis in Figure 1 presents the minimum increased buy-tariff in peak loads for different Saudi cities. It is 
found that for higher solar intensity a lower increased tariff is required. It may be accounted for more electricity 
production from solar PV Panels, which makes the integration more feasible.  

 

Conclusions 
The change in the energy imported and exported valuation during peak hours in the Kingdom of Saudi Arabia 

can change the game of the integrated solar PV market for residential applications. More importantly, the proposed 
policy shows that this can significantly help to shave the energy demand in peak hours which can lead to a reduction 
of SEC operation and maintenance costs. The Kingdom is investing in utility-scale projects but with just a small 
change in the peak tariff to 0.115 $/kWh for the whole kingdom could encourage consumers to contribute to the Saudi 
Green Initiative by utilizing rooftops distributed solar PV power systems.   
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Overview 
India has set 2070 as the target year to achieve carbon neutrality, while fossil fuels are dominating its energy 

system and the country’s GDP per capita still significantly trails developed countries. The economically optimized 
energy transition towards renewables is crucial for India to reduce CO2 emissions in an affordable manner. India has 
installed a large fleet of solar PV and thus, maximizing their capacity factors play an influential role in such energy 
transition.  

Curtailment can be implemented due to technical and policy issues (Boddapati et al., 2021)). The technical 
reasons for renewable energy curtailment are constraints in transmission capacity, system balancing, excessive 
supply coupled with low demand, grid congestion, etc. (Bird et al., 2016; O’Shaughnessy et al., 2020). The lack of 
available transmission infrastructure is also a reason for curtailment. The policy-related issues for curtailment are 
tariff issues, changes in power purchase agreements, electricity dispatch rules, etc.  Considering dispatch rules, if the 
utilities did not follow the least cost dispatch or renewable energy priority dispatch, curtailment is possible. 
Curtailment of net zero-emission solar PV and wind power is adverse to achieving carbon emission targets as it 
increases operational hours of conventional carbon emitter thermal power plants (Golden and Paulos, 2015). 

This study examines how the state of Karnataka managed to substantially enhance the solar PV capacity 
factor from 2017 to 2019 by two-thirds. We built a mixed-integer linear programming (MILP) model with detailed 
hourly data to quantify the impacts of two major policy changes, shifting electricity supply to irrigation from 
nighttime to daytime (load shift) and dispatching electricity generation units by their merit order (economic 
dispatch). Our results indicate that these two measures could explain about one-fifth and three-quarters of the 
capacity factor increase, respectively, over the three years, which is equivalent to reducing the cost of solar 
electricity by about 40%. India and other countries may further expand these policies for accelerating and optimizing 
energy transition. 

Methods 
We present a mathematical model-based approach to reproduce the real-life scenario. The proposed 

mathematical model is a mixed-integer linear programming (MILP) model. The objective of the mathematical model 
is to meet the electricity supply and demand with two types of dispatch strategies, namely random dispatch, and 
economic dispatch. The random dispatch, and economic dispatch strategies mimic the real-life day ahead self-
schedule market design and market-based economic dispatch strategies, respectively. Further, the model is used to 
study the combined impacts of the introduced demand-side management strategy (load shift) with the dispatch 
strategies. The economic dispatch (dispatch based on marginal cost) strategy aims to meet the electricity supply and 
demand by minimizing the cost of electricity supply. Load shift denotes the demand-side management strategy 
introduced in the electricity system. It signifies the shift of irrigation electricity demand to the daytime from night 
hours.  

Regarding the constraints used in the mathematical model, no generation or operation limits are imposed on 
large hydro, mini hydro, solar, wind, biomass, and cogeneration power plants. Nuclear power plants are assumed to 
be base load power plants and will supply electricity throughout the day and all through the year. For thermal plants, 
ramp and generation limit constraints are imposed on their operation. The ramp-up and ramp-down limits are 
considered as 35% of the power plant’s installed capacity. Further, the generation of thermal power plants should 
not exceed the maximum available potential. On the lower side, when the power plant is in operation, the generation 
from the plant should be at least 40% of its installed capacity.  For thermal power plants, the model considers shut 
down costs and two types of startup costs (hot start and cold start). If the thermal power plant startup within five 
hours of its shut down, it is considered a hot start, and everything else is regarded as a cold start. For the ease of 
solving and for better convergence, the model is solved as a linear model. So, the startup and shut down costs are 
calculated outside the model. Electricity transmission and distribution costs are not considered in the model.  

Results 
 The validity of the impact of the policy change and load shift on solar PV capacity factors is evaluated. In 

January 2017, the installed capacity of solar PV was just 0.3 GW, and it increased to 1.6 GW by December 2017. 

                                                                   

Demand-Side Management and Economic Dispatch for Energy Transition in Karnataka, 
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Correspondingly in January 2019, the installed capacity was 5.5 GW, and it rose to 6.6 GW by December 2019. Our 
research shows the two-week moving average of the solar PV capacity factors of economic and random dispatch 
with 2019 demand (with load shift) and without load shift. We can observe that with change in dispatch policy and 
without agricultural load shift, the consumption of solar PV was low, which can be understood from the low-
capacity factors. Except during the second half of July and the beginning of August, the load shift has helped to 
elevate the capacity factors of solar PV in all the other periods. The likely reason for load shift not helping the 
increase in capacity factor during those days is that July and August are the peak monsoon months in Karnataka. 
During peak monsoon, the irrigation water demand is low, and there is a very high generation of wind power in the 
electricity system. From the two-week moving average of the solar PV capacity factors of economic and random 
dispatch with 2017 demand (without load shift) and with load shift, it can be observed that with the implementation 
of the policy change and load shift, the impact varies differently across the year, while with a random dispatch 
policy, the utilization of solar PV is low.  

We present the impacts of load shift, economic dispatch, and greater installed capacity for the above 
discussed two sets of simulations. With random dispatch and without load shift in 2017, the total annual energy 
generated from solar PV is 1,053 GWh, which correlates to an annual capacity factor of just 12.1%. Further, with 
the increase in installed capacity and without load shift in 2019, the capacity factor of solar PV for random dispatch 
has increased by just 0.4% when compared to the similar scenario in 2017. This proves our assertion that with 
random dispatch the utilization of solar PV is low. In 2019 the total energy generated from solar PV with load shift 
and random dispatch is 7,551 GWh. Whereas without load shift and with random dispatch the total energy generated 
from solar PV in 2019 is 6,628 GWh. This shows that with random dispatch scenario the load shift was helpful in 
additional generation of 923 GWh in 2019 i.e., an increase of 1.9% more in capacity factor. This proves our second 
assertion that load shift is helpful to elevate the solar PV capacity factors. With random dispatch, the total electricity 
generated from solar PV in 2019 (actual demand, i.e., with load shift) is 7,551 GWh, whereas with economic 
dispatch, the total electricity generated is 10,852 GWh. With both load shift and economic dispatch in 2019, 3,301 
GWh of more energy is generated from solar PV which is an increase of 6.1% in solar PV capacity factors. The 
electricity generated without load shift and with economic dispatch from solar PV in 2019 is 9,843 GWh and 
without load shift and with random dispatch is 6,628 GWh. Compared to with load shift and with economic dispatch 
policy for 2019, the electricity generated without agricultural load shift and with economic dispatch policy is 10% 
less which validates our hypothesis that the change in dispatch policy and agricultural load shift has helped in 
increasing the consumption of solar PV. 

Conclusions 
This paper systematically establishes the causal relationship between dispatch policy and demand-side 

management (load shifts) on the capacity factor of solar PV power plants. With the random dispatch policy, the solar 
power in the system is underutilized. To mitigate this issue, a change to economic dispatch policy was introduced in 
the system. The capacity factor of solar PV technology has significantly increased with a corresponding reduction in 
the usage of thermal power. Further, implementing a demand-side management program, i.e., shifting the electricity 
supply to irrigation from night-time to daytime, has a significant impact on improving the utilization of solar power. 
The current research validates the hypothesis that solar PV curtailment has been reduced with the introduction of the 
new economic dispatch policy and irrigation load shift.  
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Overview 
Nowadays, renewable energy resources are playing an important role in replacing traditional energy 

resources such as fossil fuels by integrating solar energy with conventional energy. Concerns about the environment 
led to intensive search for renewable energy source. The Rapid growth of distributed energy resources will have 
prompted increasing interest in integrated distributing network in Kingdom of Saudi Arabia next few years, especially 
after the adoption of new laws and regulations in this regard. Photovoltaic energy is one of the promising renewable 
energy sources that has grown rapidly worldwide in the past few years, and can be used to produce electrical energy 
through the photovoltaic process. The main objective of the research is to study the impact of PV in distribution 
network based on real data and details. 

 

Methods 
In this research, site survey and computer simulation will be dealt with using the well-known computer 

program software ETAB to simulate the input of electrical distribution lines with other variable inputs such as the 
levels of solar radiation and the field study that represent the prevailing conditions and conditions in Diriah, Riyadh 
region, Saudi Arabia. In addition, the impact of adding distributed generation units (DGs) to the distribution network, 
including solar photovoltaic (PV), will be studied and assessed for the impact of adding different power capacities. 

 

Results 
The result has been achieved with less power loss in loop distribution network from the current condition by 

more than 69% decrease in network power loss. However, the studied network contains 78 buses. It is hoped from this 
research to reduce power losses and enhance voltage profile of the distribution networks in Riyadh City. Simulation 
results prove that the applied method can illustrate the positive impact of PV in loop distributio n generation. 
 

 

Conclusions 
A comparative and deep comprehensive of real distribution network is introduced. The aim of this research 

is identifying the impact of PVDG on loop distribution network at Saudi Electricity Company substation in Diriah, 
Riyadh region, Saudi Arabia. An existing Substation and low voltage distribution network 132kV/13.8kV/400V 
belong Saudi Electricity Company was identified to be the case study. The ETAB software simulation program has 
been used to model, assess and analyze the applicable data and details from site survey or the accessible documents.  

 
The efficiency, performance, quality and reliability were impacted differently with each case. An 

enhancement in power loss and voltage profile were investigated in five different cases. A comparative summary 
between the five cases was shown less power loss on loop distribution network from the current condition (Case I) 
and the best achieved case (Case V) with more than 69% an enhancement in the efficiency. Moreover, the voltage 
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profile was enhanced with more flatten pattern over whole network with recorded Marginal under voltage more than 
96.6%. The archived results design are becoming encouragement factors to be extensively practical and exploited in 
loop distribution network regardless other applicable factors.  
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Renewable resource rents, taxation and the effects of wind power on rural economies 
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Abstract: The rapid growth of utility-scale wind energy generation is a potentially important 
boon to rural economies in the United States. Yet econometric estimates suggest that the local 
economic benefits of wind energy generation have been modest, perhaps because the sector is 
capital-intensive and financed almost exclusively by external capital. In this paper we argue that 
a) both the presence of a critical - but unpaid - factor of production (the wind) and generous 
federal subsidies are quantitatively important sources of economic rent, and b) a large portion of 
these rents accrue to providers of capital who reside outside the local economy. We build a 
partial equilibrium model that illustrates the mechanisms that generate economic rent, and 
integrate it into a small open economy general equilibrium model of a county’s economy. We 
calibrate the partial and general equilibrium models to data from two rural counties in Indiana, 
quantify the economic rents, and consider the consequences of a resource rent tax. Resource rent 
taxes generate significantly larger economic benefits for communities that host wind power, and 
offer an opportunity to spread the sector’s economic benefits more broadly within them. Broadly 
distributed revenues from resource rent taxes might facilitate greater acceptance of utility scale 
wind power in communities where the sector would otherwise be unwelcome. State public utility 
commissions provide an analytical infrastructure that could support local taxation of the kind that 
we consider.  
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Overview 

The massive increase in the penetration of Distributed Generation (DG) units in traditional Electric Distribution 
Networks (EDNs) forces the distribution companies’ operators to enhance the technical performance of EDNs while 
considering economic perspectives. This challenge paves the way for developing a multi-objective optimization 
platform to tackle the techno-economic problems while respecting system uncertainties as well as the operational 
policies of distribution companies. 

Nature-inspired methodologies are particularly effective at addressing and solving the complex challenges in various 
areas of engineering, such as energy management systems, maximum power point tracking for both photovoltaic and 
wind energy systems, and parameter identification for renewable energy systems. These challenges are tackled by 
transforming them into optimization problems with complicated nonlinear constraints. 

Many researchers have addressed the implementation of distributed generation resources within the distribution 
networks by introducing several techniques for enhancing their performance. However, it is noted that the past 
studies have been applied to a limited number of small-scale IEEE benchmark test systems and did not introduce 
large-scale or realistic case studies committed to real operating limitations. The DG units’ operating power factor 
has been set as a fixed value and not a variable vector that needs to be optimized, and the weighting coefficient 
values of the fitness function have been selected randomly without a prior study. Several methodologies have 
successfully solved the DG optimization problem. However, these methods did not mitigate the optimal mix of the 
four DG units’ types, and the DG units’ maximum penetration capacity have not been determined regarding the 
branches' security constraints. In addition, the optimization of the required investment costs for the new DG unit’s 
installation is set as an objective at the same time while enhancing the dynamic performance. 

This paper attempts to address the above-mentioned issues of the previous researches. In addition, the current 
research has succeeded in (i) Employing Nature-Inspired algorithms for solving four different categories of 
distributed resources allocation and sizing problem. (ii) Presenting a new Improved Grasshopper Optimization 
Algorithm (IGOA). (iii) Constructing a new objective function to improve the voltage stability, reduce the active 
power losses and minimize the overall additional costs. (iv) Considering variable DGs'  operating power factor as an 
optimization vector, in addition to some additional system’s regulatory constraints, including (a) DG’ penetration 
level, (b) DG' operating power factor and (c) system’s voltage profile. (v) Validating the proposed approaches by 
applying them to various IEEE test systems (300 buses), and a real distribution system from the Egyptian grid to 
prove their effectiveness in solving different characteristics of complex systems. 

Methods 
As a motivating solution for this multi-objective problem, this paper introduces the application of modern nature-

inspired algorithm as multi-objective optimization technique for enhancing the techno-economic performance of 
EDNs through the integration of multiple types of Renewable Energy Resources. Grasshopper Optimization 
Algorithm (GOA) is inspired through  these creatures complex social contact network that equips themselves with a 
specific predatory strategy. GOA has been employed and comined with Genetic Algorithms (GA) to develop Improved 
Grasshopper Optimization Algorithm (IGOA) for minimize the active power losses, enhance the Fast Voltage Stability 
Index, and reduce the total costs, considering the penetration level specified margin as well as the framework of the 
DG units’ operating power factor constraints. The proposed algorithm has been integrated with  Newton Raphson load 
flow equations under MATLAB environment and applied on various benchmark IEEE test systems 300-bus and a 
realistic part of the Egyptian distribution network (171-bus) is also introduced as a practical, applicable case study. 

                                                                   

RENEWABLE DISTRIBUTED RESOURCES FOR OPTIMIZING THE TECHNO-
ECONOMIC PERFORMANCE OF THE DISTRIBUTION NETWORKS VIA MGOA 

NATURE-INSPIRED OPTIMIZATION ALGORITHMS 
Ahmed S.Hassan, Ministry of Electricity and Renewable Energy - Egypt, +201115722379, eng.asami.moere@gmial.com. 
Araby M. Sayed, Ministry of Electricity and Renewable Energy - Egypt,  
ElSaeed A.Othman, Department of Electrical Engineering - Faculty of Engineering, Al-Azhar University - Egypt.  
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Results 
Applying the modern proposed techniques to the distribution systems have demonstrated that the voltage stability 

is improved up to 36% and voltage levels enhanced up to 12% compared to base case, while these methodologies has 
corrected their voltage profile. whereas, the original cases failed in keeping voltage boundaries at all busbars. 
Furthermore, the active power losses are significantly reduced for the above-mentioned systems up to 26.5% compared 
to base case.  

Conclusions 
Results proved the effectiveness of the proposed optimization algorithm in addressing the multi-objective siting 

and sizing problem for the different types of renewable resources into complex distribution systems. However, 
Improved Grasshopper Optimization Algorithm proved its superiority in determining the best solution compared to 
others, in addition, it converges in minimum time and number of iterations. 
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Overview 
The adoption of solar energy by households is an important avenue of protecting the environment and enabling energy 
access in rural areas, especially in developing countries like Uganda where energy access is low. Therefore, this study 
investigates the factors that influence the households’ willingness to adopt solar photovoltaic (PV) energy and how 
soon the households are willing to adopt solar PV energy for business use in Uganda. 

Methods 
Unlike the previous studies, this study uses Heckman’s two-step selection model, to analyze the two-stage process of 
willingness to adopt and how soon a household is willing to adopt solar PV energy for business use. 

Results 
Results show that Sex, household head estimated income as it increases, mode of acquisition and repay months <=36 
are the only factors that positively influence both willingness to adopt and urgency to adopt solar energy for business 
use in households. Financial disclosure is significantly associated with willingness to adopt solar, while age and energy 
needs, were found to significantly influence how soon the household was willing to adopt solar PV energy for business 
use. 

Conclusions 
The adoption of solar energy for business use is important in coping with environmental degradation and for enjoying 
reliable energy in a country like Uganda where the sun is abundant and in rural areas where the grid has not yet 
reached. The study is relevant for effective policy identification to promote the use of solar energy for business use in 
developing countries. 

 

 

 

 

 

HOUSEHOLDS’ WILLINGNESS TO ADOPT SOLAR ENERGY FOR BUSINESS USE IN 
UGANDA 

Jennifer Nabaweesi, Makerere University Business School, 256772870059, jnabaweesi@mubs.ac.ug 
Kabuye Frank, Makerere University Business School, 256785530322, fkabuye@mubs.ac.ug  

Muyiwa Samuel Adaramola, University of Life Sciences, Norway, +4797690282, muyiwa.adaramola@nmbu.no 

R
e

n
e

w
a

b
le

s



121

�=�����>�
�	���������
	���	�����������
	��	���	
����	��	���	
�����	���
�����	

������������������	�������	����

"�#���$�	�����%���

��������	
&����������	�'����������'�'����$�����	+
�'
'����-����	��
��������$���������������������#��
����
����=�'��+��������+��'����#��
��������-��������+��'�������/���#���������/���/���������+��'��
����-����	�V��	�����$������'���	������'�'����$���'�##�
�������	��'��U���K��	�������Y�	+
��+��
�
���������������������:������$�������+��'������+	�#������	���	���������$����	
�#�	��	��������+�/��
��
�����	+
���'��
����	����	���������'��	���''��������	�#�	�������+��'���	�-�����	$��'����YÃ�
����	'��Y����	����
���-�	:'���������'���	�$��������������##�	�������������-������##�	�$��+���
��	�	'������	����������	����
\	��������������+��'�� �����	�����'������	���	���������	�����	��-������
��#	�/����'������	�'�	����	���

����	��'� -���� �$����� ���	��� 	�'��	��'� ��/�� �� '�+������� �������� ��� -�	:��	��� ��/���#����
�##�	����
��'����
����	�$�������������	+
��	�'����������G�	�'��+	�����x'��$z����/�'���������?Lx'�
"�'����$���[�/���#����^���'������������'��������������������+���'������:�����+����#	���''�+����
�=�	����/�'���'�'����$������'�	
����������'�����+	�-�+���������	����	��'�-������-�	��/�	�������
��#���'����-�	����''��'����-�	�-���	��'�����''�-�'�����

T���� ���	���� �'� �� ��#�	���� #	�����	� ��� �	������� ���	��'� ���##�	�� ��������� ��$����� ��� ��:�����
��'���	�+���'���		���#	����������/��'����#�	����#�����������+��$���	�'�	/�'������##�	�������������$�����
�����:����

�������G�	��������=����������##	�=������
���F��������-�	��x'���##�	�	�'�	/�'��-��������������	�'�	/�'�
��������	+�������	�*���������$�������Y�����	���##	�=������
�J%F��������-�	��x'�������������������
��#�'��'��	���������T�������	���������
�������/�����	+�������������������'��������=�����G�	���
����	�*����T�������	������'����'�'�+���������:���	�'�	/�'��-��	���	�*�����'�'��<F��������-�	��x'���:���
	�'�	/�'������$��������=���������'�����V�������'����	�*�����

U��'�#�#�	����
'�'�����������+�'�����##�	������'������T������	�+���-�����$��������	���	�'��	��'��
-���� ��/�� �� '�##�	��+� �� '�'����$��� ��	+
� �	�'������ �� 	���� ����� +��'� $�
��� �����+� ��'� ��	+
�
���	�=���������-����������-�'����/��'�����Z�����''��������'�����'�#	���+��'�����'�'����$�
�����/�	�����
�	����������	��'���������	�����'����������-�	������'����'�'����������	+
��	�'������

U���#	�'�������	�+�����
��$��������	���	�'��	��'���$�������	��'�����##�	������'���	��=#�����
��#��
�������	��-�$�����	+
��'���	����-�����������+��'���	���	+
�������������'�+��	�����\�
���$�����	�/�	�����	�'��	������T���������L���	���T�$�	���	
���	�������/��������������������+��'�
��� ��#	�/��� #	���''�'�� -����� �� ���$������ ��� ��:�� �=�	����/�'� ��	�� '�'����$���� U�	��+�� ����

�
����		�'#���+������	��		���	�]�+�#������
��G	�'������''��������?�/�	'����'��K���
��G	���''�	�G���������?�/�	'��������_��������������������/�'�	��''��������?�/�	'����'��K���
��?"^"��

R
e

n
e

w
a

b
le

s



122

��#��
���������/���/���������+��'�������+	��������-�	:��	�����/���#��������	�'������	�+������
���	�''� ���� ���� ������+�'� ���	����� $
� �=�	����/�'� �� ���� 	�+���� ������+� ���� �������� 	������� ���
	�'��	���+�/�	�����������'�	�$��������'������������$�����'����������/�	������� ��#���'���Z��
���''��'�� -�'��� ��� -���	� �'��� ��'�������� -���� ��������� ���������'�� Y=��#��'� ��� ��-� '����
����	��'��	�����	���+� ���'�� �''��'��	����:�+��=�	����/�'������	����	��'�'��	��'� ���'�##�	�� ����
��	+
��	�'������&��	����'�+�'���������������/���#��������������+��'��#	�+	�''��'��������+�/�+�
+	����	�������/����������'����	���	�'��	��'����������	
��������$���+��$���'�##�
�����'�������	�$����
��������$z����/�'��������G�	�'��+	���������"�'����$���[�/���#�����������?L��


��������	
�� K��	�������Y�	+
��+��
���%�����&�	���Y�	+
�Z�����:�"#��������#�	�������������� ��!"#"$%��

&"'�!%�(�"'����%'�)'�!*+��!%'("#"�'���
�� �L�����%�%�����������/����	:�����#�	���[����$�	��
�� �''��������?�/�	'����'��K�����%�����---����������
�� ��#�	��'��G����
�����	���%�����&�$��	���!"#"$%��&"'�!%�(�%!��,�+�"'�#���)'�!*+��!%'("#"�'������
�

�<��&�'��+���[��?"�����#'j``$�#�	��'�#����
��	+`�/��`���	��'\��	+
\�	�'����`��
�� ��	�����T���'���%�%���L���	�����$�	���	��'j����#�	���/����/���+�'���	����������������+����	�

��#�����
����'����������#'j``����������#�����������`��$�	���	��'\���	���'\/���z�'\
���#�	���/�'\#�	�\�����\�\��'����\#�	�\��\��#�������\
\��\������`�

�� ����	���	������������Y�	+
�"������'���%�����	�/�'���
���#'j``---����'��	+`�����`���	������\���''��'`���`��`�%���

�� ���	�����[�'�		�����Y�	+�����������+�'����[Y����%�����
���#'j``---����������`�'��������'`#������	��\'���	\���\��'��	��\��\�������\#'��`��

�� ���+����������%�����?#���������+���+�	�'��
�� ���������	�"�������U������+
����K�/�����$��-����������������?�����"����'���%�;���

���-�!#� "!(#�+�%!�� �.�!/������#'j``---����'�'�������`-#\�����`�#����'`�%�;`�%`K��	��\
���\��'�z�\�UK\�����\Y'����'\?���'\�%�;�#����

�� ��	�����%���������	���	�����[�/���#�������Y����	���$����
��
���#'j``---���	�����`'���'`�##`��/�����	��'`���	�Ä#�	�Ä��Ä��'�		����Ä��Ä��Ä�����	���/����
����

�� ��	�����%��������	�*���L�	�����	����	�Y����
�����	��
���#'j``---���	�����`'���'`�##`��/�����	��'`���	�Ä��Ä�������Ä��	����	Ä���	�Ä*��Ä�	�
���

�� ��	�����%������������	������U������+��'�K'���������>G�#��'��
���#'j``---���	�����`'���'`�##`��/�����	��'`�'������Ä��Ä������+��'Ä���#��'Ä��'�Ä	�#�

�� ��	�����%�����
���#'j``---���	�����`'���'`"��������q�Å�ÄL������L����������Å�!<J<�<H�%J�<��ÅU�����#�+�
���Å��	��G�	���G�$����F�>�ÄL������L������F�>��	��[������L������L������&�$��

�� �����x'�>��	����������?#�������#�	���������������+����%�%������'�	
��������Y/�	�������
����\���������
���#'j``---!���������`'���'`"�$��''��'"��+�+`L��������#�	�'`[������'`H<!�J%Ä�����\
�?�!\�\�����Ä!��F�%�?�Ä�%�%�#����

R
e

n
e

w
a

b
le

s



123

�� [��"��	����"����"�+�	���%������0#%!#12-�3%#"�'4�����0#�!+�� �5(!%��6(�)$�'�7"$�������������
>�	��+��������'��U-��/��p��������^	��#����:��L����?"��

�� ���-�$���Y�	+��'j�U������	���'����������Y�	+��'���%�����>��	���'�	�����	��#	�#�'������
��/���#������������K'���������������U������+��'����#'j``---���	+��'\
	��/�$��'����`#��	���`����	�\��'�	���'\'�\#	�#��\#�	�\��'�		����	\��\
�%�%%!%����#'j``---���	+��'\	��/�$��'����`#��	���`����	�\��'�	���'\'�\#	�#��\
#�	�\��'�		����	\��\�%�%%!%��

�� ���-�$���Y�	+��'j�U������	���'����������Y�	+��'���%����������	������/�	'��
�
��'�	�������-������KU�#�	����#���'��'��-�	��������K'���������������U������+��'��
���#'j``---���	+��'\	��/�$��'����`#��	���`�\��'�	���\��/�	'���	��\�'��������'�\
���\V��\#�	����#�\�%��%�%H�

�� Y�	�#���"�����	�Z$'�	/���	
���%�����U���Y=�	����
�T�	+��U���'��#������#'j``�����'���	+`�
�� Y=#��	������'�_�L����������K/�'��+���_�����|�����
�U����_+������ZLK��U����%�%��������x'�

�����+�	���������	��������'�	���
�����#'j``---��=#��	����`$��+`��\	��\#	���+����\��\
�����\�\��\�'�	�����\���	������`�

�� >���#��T�		�����%�����L���	�����$�	���	��'���	���������-'#�#�	�T��U�	��	���
���#'j``---�����	��	�����`#��'�`������`��$�	���	��'\���	���'\�����`��<<;�`�

�� ^��$���[������%�%���^��$����������������������	���������$���$
��%�!���'������	���/�������
$����	
�#	��������V���	�#��'�����#'j``---�+��$����������`+��$��\�������\�����\���$��\
�%�!\�����	��\/������\$����	
\#	�������\V���	�#��'`��

�� ^�UZ���	#�	�������%�����^������+�����U���'��#������#'j``---�+�����	+`�
�� &�	�����:�^	��#���%�%�����������"��	�����+�>������
���&"'�!%�(� �!���"7%#���$#"�'4�����

&"'�!%��5'#�'("#+�� �#������%'�)'�!*+��!%'("#"�'���
�� &�	�����:�^	��#���%������8�#�'#"%��(��%!��'�!*+�9+�$�2'#!+:�

���#'j``---�-�	��$�:��	+`�`��#��`��	+
`#�$�������`'���	\#����/������\#�-�	\#�������\
$
\����	
��

�� &�	�����:�^	��#���%�����Z#��[��������#'j``�����������	+`	�`+	�''\����'���\'#���+\�\	\
�������

�� &�	�����:�^	��#���%�����Z#��[�����
���#'j``�����-�	��$�:��	+`�������	`^��ÆG[��"[Ã�^[��"�
�
�	������	����	����	��������������"����+���

�� ���#'j``---���	�����`'���'`�##`��/�����	��'`�'������Ä��Ä������+��'Ä���#��'Ä��'�Ä	�#�
�� p
�	�+���������L�/��$�	���%�<������(2(#%"'%9���-%#�.%+� �!�#���*��9%���'�!*+�#!%'("#"�'4�

;+<!�*�'�($%�"'*�2-������#'j``�
�	�+�����������`-#\�����`�#����'`�%�<`��`p
�	�+�\
'����+\�#\p
�	�+�\�������#����

�� K[U���Y=���%�<���U���Y����	���Ã���������	:��������##�	�[������
���#'j``��##�	���������	+`-#\�����`�#����'`�%�<`%J`�%�<�%J\Y\��$����
\>���'����\��#���

�� KY����%�%����Y�	+
�U������+
�G�	'#����/�'��%�%���G�	�'��
�� KY����%������^��$���YÃ�Z�����:��%�����G�	�'��
�� KY����%������U������������	����������	��'��������Y�	+
�U	�'����'���G�	�'��

���#'j``---������	+`	�#�	�'`���\	���\��\�	������\���	��'\�\����\��	+
\�	�'����'��
�� K/�'���������%�����L���	�����$�	���	
������'���-��������+��'����'�'����$���$�'��''�'��

���#'j``�/�'�������+�$���`�'`#�	V�������`�������`�

R
e

n
e

w
a

b
le

s



124

�� ��'����+�����+����	������%������=%9�!%#�!"�(�3%#2!%��(�-%!%���"��4��"�'$"%���"''�>%$"?'�$�'�
>�'#%@%����"KLj��%<^LG��p;��Y������'�?����������

�� ��'��������	����T�'��Ã�'�������%�J����K�/������������Y�	+
���T�������	������K��	\
���	����[����+��������>�\�[�/���#������:����T�������	�����
���#j``---���������+����	+`-#\�����`�#����'`�%�J`%�`K�/���F��F��\�\
��	+F��F�[�\���#��\�\��F��F�;	���\T����\��#����

�� T��'�
�[���/�+���&����^��*��	��T��'$���^	�+��	��������$�	�
�p���	'����%�%������"7%#��
!"(/�%'<�<�$%!9�'"A%#"�'4�B�%#��>�!+�7"'"'*��)C�'��<(�#��/'�.�������'�
�"�'����$����
��
���#'j``---���:�'�
����`$�'��''\������'`'�'����$����
`��	\�'�+��'`�������\	�':\��\
����	$��*����\-���\�/�	
\���+\���\���'\��\:�-��

�� ���	��'�������������'�	����������������
�K'�+��'����
��%��������77�<"#+���7%'<�C2#���/�
DEFE�j����#'j``---����	��'��	+���`'���'`�������`����'`��������
F�%Z�����:F�%�%�%�#����

�� ����������+���%��������#'j``---�������`	�#�	��z�'`��'\�������'\���\����	��\��	��\'V�`�Ç�
�� ���'�	
����Y�	+
������������%�<���L�������Y����	���$����
�"�	���+
��

���#'j``��	+���+�$���`�����	���/�������
�� ���'�	
����Y�	+
������������%�%���L�������^	���p
�	�+��"�	���+
��

���#'j``��	+���+�$���`'���'`�������`����'`������Ä+	��Ä�
�	�+�Ä'�	���+
Ä\Ä������#���
�� ���'�	
����Y�	+
������������%������0��%!�)G-��!�!�&"'"(#!+�� �)'�!*+���"��:j�

���#'j``'���	�����	+�����`��������'�
�� ���'�	
����Y�	+
������������%������������������		�������#�������#����'����+��	���_����

��	$_�����#'j``��	+���+�$���`������'`������`���'�	�\z��\��	��'\z�$��\�	�'\��'��	���\
�����\��\���		�\���������\��\���	���'\��	$�\�'��\��/�\����\�'\���	��\����\/�*\��'\
����	\��\�����\�\#��'\��\��	+��'\���#��'�

�� ���'�	
����Y�	+
������������%�����L�������Y����	���$����
�"�	���+
��
���#'j``��	+���+�$���`�����	���/�������

�� ���'�	
����Y�	+
������������%�����T�-����%H���Y�	+
�Y�������
��
���#'j``---�$����`��
�����`�/�+�	q��L�	��Å��HH��<�

�� ���'�	
����Y�	+
����������`�^K����%�!������-�$�����	+��'����������U���-����'���	����
�
�	������	���#���������	����	��������������"����+���

�� ?�����L����'���%�H���^��	����''��$�
�	�'�������<%`���"�'����$���[�/���#����^�����
���#'j``---����	+`+�`'��	��`/��-Ä�����'#q'
�$��Å�`�Y"`<%`��T�+ÅY�

�� ?�����L����'���%�%���^��	����''��$�
�	�'�������<!`��H��
���#'j``����'��	+`�`�`�Y"`<!`��H�

�� ZT�[Y���%�;��������#�H��%�����	��'���T�������	�������������	�$$����	���������������
���	�$�������	�����<%����	��-�$�����	+
�������	�+��������#j``�=�	�����������	+`������'`��\
��#�H\�%\����	��'\�\����\���	���\��\���\��	�$$��\�	�\���������\��\���	�$���\��\	����\
<%\��\	��-�$��\��	+
\�\���\	�+��`q��+Å��

�� ���+�G�	������%�H��G������	���"���	�[�'��	�����������������+�	���'�������	'��'��+���������
#	�z�����
���#j``---�#�	������	�����`��'#��
`LZU`�%�H`%�`�;`G������	��È"���	È[�'��	��È��È�����
��È���+�	�È#	���	�È���#�È���È#	�
�����

�� "����������������%�%���[	������-��'��$��'��+�����>	���-�	:�T�-��������������+���
���#'j``---�'�������`�##'����`���#����'`�	��������`���=�#�#q$�����Ä��Å���;�\���

R
e

n
e

w
a

b
le

s



125

�� L�������Y����	���"
'����"YL����%���������#j``��	+���$��	�����`/�'����*�����'`�����	\��\
���'��\'��\'�+`�

�� ?"^"���%�����T�������"����'���'����K��	�������

	

��� �	�"$	� �"����	

���/	��"$�� �'� ����G	�'����������Y�Z������''��������?�/�	'����'�� K��� ���?�K��������	�� z���+�
��?�K�����%�<��[	�������-�'����'��+���'���	�����G	������?�/�	'��
��?������
��%�<�����'�	/���
�'�����[�#��
�?��	�"��	���	
���	�"���������Y�	+
��������?�"��[�#�	��������Y�	+
��[�Z�Y����
�/�	'���+� $�'��� '������� �##����� ��	+
� 	�'��	���� �������+
� ��/���#����� ��� ��#��
����
����	�'��������+�����'��-�	�'��#���������������<�[�Z�Y��L�������T�$�	���	��'��
p�'��=#�	�������'��������'���	�
�'�/��
��	'��'�[�#��
�[�	����	���	�Z#�	����'��������G	������
G��'���G�
'��'�T�$��������
��	'�����	+���L�������T�$�	���	
��-��	����������'�/�	���#�'����'��
������+� [�#��
� �''������� [�	����	� ��	� Y�	+
� "�����'� ��� Y+���	�+�� ��� [�#��
�
[�	����	`������ Z#�	����'� Z�����	�� p�� ��'� '�	/��� �'� ����� ��� ���� ?�"�� [���+����� �� ���� KUY��
���������� ����L�-� ��	'�
�[�#�	��������Y/�	�������G	�������'x�Z
'��	��	��:�Z/�	'�+���
G��������������[�Z�Y��T�$�	���	
�Z#�	����'����	���Y�	���	�����'���	��	�����'#������	�
��	'���
����?�"��L�/
��'���'�$��	���������	��������-�	:��������$���:���&����=���������	�+������	�
�������	�	�'��	���	�����	'��
[	��������'���"���	��''�������-������������	���	�"�	���+������K��	�������"�����'�Y�	+
����
L�������"���	��
�G	�+	����
p����	�����'�$������	x'���+	���������	���'��+���	�+��	��������$���?�/�	'��
����'��������
�	��� ���� ?�/�	'��
� ��� �����+��� ��� ��'� G��[�� �� ����	���'� '������ ��� �+���	�+� �	���
L�	��-�'��	�?�/�	'��
��
	
!�����	�!�$�!��G�'��G	�'�����K��	��������''����������	�Y�	+
�Y������'����	��	��������
Y�	+
� ���'��	�� ��� ����	��� ��� ���� ���	�� ��� ��� ������� "����� Z��� ���#�
� �YL�G��� ��	��	�
����	���/��Y=�����/��[�	����	��������&�	�����:�^	��#��G	���''�	�G���������?�/�	'��������_�����
��� ������� Y������� ��/�'�	� ��� �''�������� ?�/�	'����'�� K���� ��� G	�'����� ^��$��� ���+� ���
Y�	+
�G�	��	'�TT���
Y�����'��-����/�'��#	���''������=#�	�������������	+
�'����	�����'�����������''��'�������
�������'� ��� 	�+������� ��� ����	�'�� #����
�� ��	:��� '�	����	��� #	���+�� $�'��''� '�	���+
� ���
���#�������� ��� ��	#�	���� +�/�	����� p�'� #�$��'���� �� /�	���'� ��������� ��� #	���''�����
z��	��'����	�+���	�
���'���'���	�����#�$����'����	����#	�/�������#���'��
p�� ��'� �� $������	x'� �� �������'�� �� $�'��''� �+���	� #	���''����� ��+	���� �� ��'��	x'� ��
�������'���+	����	�������G���������?�/�	'��������_����������������������'��	�����	�'��������
���[����	����G����'�#�
��G��[���$������Y������'��	�������?�/�	'��
�������'��������$�	�
�������Y����	�������	�����U���Y�	+
����	����

�

R
e

n
e

w
a

b
le

s



126

   
 

 

 

Overview 

Membrane distillation (MD) is a water purification method which uses thermal energy to produce freshwater from 
otherwise impure water such as seawater, industrial wastewater etc. In the solar MD process, heat generated by solar 
collector is applied to a flowing feedwater stream to generate water vapour. This water vapour then passes through a 
hydrophobic membrane which doesn’t permit liquid water molecules to pass through but only volatiles, chiefly water 
vapour, to penetrate the membrane. On the other side of the membrane the vapour emerges and eventually forms the 
permeate/distillate. The present paper deals with modeling and experimental validation of the MD solar part. To 
numerically simulate the solar part, we have developed dynamic mathematical models of the solar collector. The 
resulting distributed parametric systems of equations are transformed into a system of ordinary differential equations 
(ODEs) using the orthogonal collocation method (OCM). Data from experiments and numerical were compared. It 
was discovered that the two-temperature mathematical model describes the real behavior of the solar collector more 
accurately than the one-temperature mathematical model. It was also demonstrated that the established mathematical 
model is capable of precisely predicting the trends of the thermal characteristics of the solar collector. As a result, the 
suggested models can be used to size and test the behavior of this kind of solar collector. 

Methods 
To numerically simulate the solar part, we have developed dynamic mathematical models of the solar collector. The 
resulting distributed parametric systems of equations are transformed into a system of ordinary differential equations 
(ODEs) using the orthogonal collocation method (OCM). To validate the developed mathematical model, we have 
conducted a series of measurements on the following experimental setup: 

 
 
 
  
 
 
 
 
 
 
 
 

Fig 1. the “MD ORYX” autonomous desalination solar-driven 
membrane distillation 

                                                                   

MODELING, SIMULATION AND EXPERIMENTAL VALIDATION OF A 
MEMBRANE DISTILLATION UNIT SOLAR PART  

[Khaled alserhan, Department of Mechanical, College of Engineering, University of Bisha, Bisha 61922, P.O. Box 199,    
                                                                     Saudi Arabia, Alserhank@gmail.com] 

[S. Mejbri, bLaboratory of Electromechanical Systems (LASEM), National Engineering School of Sfax, University of Sfax, 3038 
Sfax, Tunisia, sami.mejbri@stud.enis.tn]  

[M. M. Alquraish, Department of Mechanical, College of Engineering, University of Bisha, Bisha 61922, P.O. Box 199,    
                                                                     Saudi Arabia, malqraish@ub.edu.sa]  

[K. Zhani, Department of Mechanical, College of Engineering, University of Bisha, Bisha 61922, P.O. Box 199,    
                                                                     Saudi Arabia, Kzhani@ub.edu.sa]  

R
e

n
e

w
a

b
le

s



127

 

Results 

The Figure below  illustrating the water temperature at the outlet of the solar water collector calculated 
numerically by the two mathematical models as well as experimentally, shows that the temperature given 
by the two-temperature model is in good agreement with that measured experimentally. Therefore, the two-
temperature model will be used to compare the experimental and theoretical values of the temperature at 
the four internal collocation points and at the outlet. 
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Fig.2. Comparison between experimental, predicted outlet temperatures with one and 

two-temperature models. 

Conclusions 
The water solar collector utilized in the MD solar desalination unit IS modeled and experimentally validated in 

this research. We have created dynamic mathematical models explaining the behavior of the solar collector in order 
to numerically simulate the solar collector. The suggested mathematical models can be utilized to accurately forecast 
the thermal performance of solar collectors under a variety of weather situations and entrance parameter modifications. 
The results of the experimental validation showed that there was a good match between the numerical predictions of 
the temperatures at the intake, outlet, and collocation sites of solar collector and the practical values obtained by using 
sensors mounted on the solar collectors. This demonstrates both the accuracy of the mathematical models developed 
for solar collectors and the correctness of the OCM. 
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Overview 

Hybrid renewable energy systems are a combination of two or more technologies that complement each 
other to result in clean and more stable power output. They offer flexibility and dispatchability. Hybrid systems, 
especially the combination of concentrated solar power and photovoltaic systems (CSP-PV), have been investigated 
for many years to try and address the challenges the electricity system faces with high penetration of renewables. A 
hybrid system with CSP-PV could provide a baseload generation well into the night hours. Recently, China’s rapid 
renewable energy development through their “base projects” initiatives has paved the way for the development and 
deployment of many technologies including CSP-PV hybrids. The CSP technology featured in several winning 
tenders to be part of a large hybrid complex, typically collocated with 9-times larger PV system to cover peak 
demand more reliably. This study reviews the progress of CSP technology worldwide and explore how the hybrid 
renewable energy projects could pave the way for accelerated development of CSP. 

Methods 

We examine the status of CSP projects through a dataset maintained and updated annually by CSP Guru 
(https://csp.guru). The database present information on 124 operational and under construction projects of CSP 
technologies worldwide. CSP deployment has been characterised by separate phases of policy incentives in different 
countries. Recently, the technological and financial development is driven by China’s hybrid renewable energy 
projects that look to add 1 GW of CSP capacity to the grid. We review and analyse the recent advancement of CSP 
as part of a hybrid solar projects and extrapolate how these projects will accelerate the learning curve especially in 
terms of levelized cost of energy. We then assess the cost competitiveness of the technology to try and examine at 
which point will its levelized cost of electricity (LCOE) makes it competitive in the market as a standalone system. 
Similarly, we assess the future market of hybrid solar projects.  

Results 
There is a growing trend of deploying CSP co-located with PV as a hybrid renewable energy project since CSP 
technologies have the energy storage inherent in the system, which makes them a flexible and dispatchable source of 
renewable energy. Some recent examples of the CSP-PV hybrid include the Noor Energy 1 project in Mohammed 
Bin Rashid Al Maktoum Solar Park, Dubai. The project includes a 700 MW CSP (100MW Tower and 3x200 MW 
parabolic trough systems) + 250 PV system. The development is led by ACWA Power and is following the example 
of the Noor project in Morocco by having CSP and PV co-located in a single site.  

Recently, China’s rapid renewable energy development through their “base projects” initiatives has paved the way 
for the development and deployment of many technologies including CSP-PV hybrids. The CSP technology featured 
in several winning tenders to be part of a large hybrid complex, typically a 100 MW CSP component as part of a 
GW system. The move towards hybrid renewable energy projects comes to address the challenges associated with 
the integration of new energy resources while maintaining power system stability and reliability. 

Hybrid energy projects aim to combine the characteristics of different technology in a way that provides smooth 
output and reliable power that covers the daily fluctuations in demand including peak demand.  This would give the 
hybrid renewable energy projects a big advantage and better financing prospects. The Chinese demonstration 
initiative hope to build their experience in this field in order to position themselves well for the international market. 
The key aspect to demonstrate is the reliability of the energy management system of these hybrid solutions to 
provide peaking power. CSP is viewed as one of the promising solutions in these configurations.  

In terms of the LCOE, it has been decreasing at reasonable rate from an average of 0.27 $/kWh in 2012 to an 
average of 0.15 $/kWh in 2019. The costs are being driven to below 0.1 $/kWh range by the recent developments in 
China and UAE.  

                                                                   

[CAN HYBRID SOLAR PROJECTS PAVE THE WAY FOR CSP DEVELOPMENT] 
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Conclusions 
The increased deployment of intermittent resources brings into attention the importance of regulation the power 
during peak demand. Storage solutions, especially batteries, are all solutions that are being investigated and each has 
its own advantages and shortcomings. As for the CSP, it is a technology that brings the renewable energy capacity 
along with the benefits of flexibility and controllability that storage solutions offer. With the right level of 
operational experience and cost reductions, the technology can become financially competitive. 
 
The cost of finance is a crucial element of the systems costs. Although CSP technology is not complicated, the 
system complexity arises from performance management of distinct different components that are usually 
manufactured and supplied by different specialized companies. In addition, the different type of CSP technologies 
and different applications makes it challenging for developers to identify the “winning” technology. 

Currently, no active support mechanism is available for CSP developers, which creates a challenge to grow the 
market and continue innovations in the field. The recent incentivized large-scale projects were mostly in China with 
high localization focus under the incentive scheme that expired by the end of 2021. The accumulated expertise of 
developers from Europe and elsewhere are at risk of losing their advantage. The cost reductions of the technology 
may not be enough in its own to drive the industry forward. The hope for CSP industry is that the new hybrid model 
will unlock a new wave of projects for CSP that will help to accelerate the development and cost reductions. A new 
wave of CSP projects can continue to drive the costs down to around 0.05 $/kWh by 2026 at the current learning 
rate, at which point the technology is expected to be cost competitive with other generation resources.  
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Abstract

The fisheries industry is a vital contributor to the overall development of the country since it 

generates employment opportunities, broadens the range of livelihoods available, ensures 

adequate supplies of animal protein, and brings in foreign cash. This article examines the 

significance of the Kingdom of Saudi Arabia's vast fishing resources before concluding. The 

clarification was provided on the subject of using solar energy systems for the electric feeding of 

fish tanks. The solar power plant is a large-scale photovoltaic (PV) facility that was built to create 

bulk electrical power from solar radiation. It is also known as the photovoltaic (PV) power plant. 

Putting solar photovoltaic panels in place allows for the direct conversion of solar energy into 

usable electricity. The purpose of this research is to investigate, investigate, and develop a solar 

power system for fisheries to choose an appropriate location for the fishery-solar system. In the 

scorching months of summer, the solar power station can efficiently lower the water temperature, 

therefore preventing the spread of aquaculture illnesses and adjusting the metabolic rate of fish 

in such a way that they would develop more swiftly. The solar modules can cast a shadow over 

the water's surface, which shields it from direct sunlight. This reduces the number of algae that 

grows in the reservoir, which in turn boosts the water's quality and creates more favorable habitat 

for freshwater species. The electricity produced by the photovoltaic power station that is floating 

will be 10% greater than that which is generated by the photovoltaic power station that is located 

on land. Aerators, water pumps, and other pieces of equipment in the fish pond are all able to get 

electricity from the solar power system at the same time. It is also possible to sell any extra power 

to the local utility provider. The solar power system has the potential to lessen the amount of 

water that is lost due to surface evaporation. Solar applications will, in addition, minimize the 

amount of energy needed to run Fish Farm.
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Overview 
A major expected benefit of increased investment in renewable energy is mass job creation. The International 

Renewable Energy Association (IRENA) has been tracking job growth in renewables, showing year-on-year 
increases throughout the decade. The topic of “Green Jobs” – jobs created as a result of the energy transition – has 
been a popular research topic in labour economics also, and is seen as a core tenet of the Future of Work. However, 
closer inspection of the jobs that will be created as a result of renewable energy development in particular reveals 
some caution is necessary. Of the jobs that will be created, many are one-off in the development and construction 
phase of solar and wind energy installations. While a sufficiently diverse portfolio of rolling projects may keep 
workers busy throughout the year, a bigger issue lies in the threat of another aspect of the Future of Work: 
automation. The majority of jobs created -in manufacturing in the early phases, and in maintenance and operation in 
the main phase – involve tasks that have the potential to be automated in the near term. In countries that are hoping 
for “green jobs” to solve domestic unemployment problems, many are still in the early stages of planning their 
renewable projects, and therefore an opportunity exists in this stage to target specific areas of the renewables value 
chain to localise and in which to concentrate human capital development. This report analyses these value chains – 
in Solar PV, onshore wind and offshore wind projects - and approximates the automation risk for each task at each 
stage of the life cycle of the project, and gives policy advice on which areas should be focused on in order to 
futureproof their workers against automation and better prepare themselves for the labour market of the future.  

 

Methods 
The paper will use IRENA data on employment potential in the solar PV, onshore wind and offshore wind value 

chains, and attach automation risk weights (from European Centre for the Development of Vocational Training 
CEDEFOP) to each job at each phase. In this way, we can project not only how many jobs are at risk of automation 
in each different renewable technology, but also at each phase of the project life cycle. 

 

Results 
Early analysis implies permanent jobs created during the manufacturing phase are most at risk. Of the 

permanent jobs that will be created across the life cycle of the projects, a significant share of operations and 
maintenance tasks can be automated with the use of remote monitoring and drone surveillance. However, there is 
scope for full-time physical maintenance by workers. Overall, there is much lower risk of automation for the 
professional support services surrounding the projects, such as in legal support, policy and regulation advice and 
project planning. 

 

Conclusions 
The analysis points to the need to carefully tailor localisation policies to target certain areas of the renewables 

value chain, rather than simply maximising job creation. While the manufacturing phase of solar and wind do yield 
the most jobs, these jobs comprise of tasks that are set to be automated in the near future, implying that the jobs 
created are not sustainable in the medum-long term. Further, the training of workers to do these jobs would be a bad 
human capital investment, and a more futureproof national human development strategy is needed in order to 
prepare workers adequately for the labour market of the future. In particular, an education system that prioritieses 
skills with low risk of medium term automation is needed at the secondary, vocational and third levels. 

                                                                   

Renewable Energy and Job Creation: An Automation Risk Assessment 
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Overview 
Critical minerals will be an essential component of the coming energy transition. There are important 

considerations through the entire critical minerals supply chain for any energy transition to proceed effectively. 

For the 8th edition of the APEC Energy Demand and Supply Outlook (8th Outlook), the Asia Pacific Energy 
Research Centre has constructed two potential energy futures out to 2050. The Reference scenario analyses recent 
trends in APEC energy consumption, production, and trade, to deliver one potential energy future. The Carbon 
Neutrality scenario explores additional energy sector transformations such as increased renewable generation, 
behavioural changes, fuel switching, and CCS deployment to meet elevated decarbonisation ambitions.  

Both scenarios involve a large ramp-up in renewable generation capacity, and a large uptake in battery 
technologies for electric vehicles and grid storage. An accompanying ramp-up in critical minerals mining and 
processing will facilitate these future energy scenarios for the 21 APEC economies.  

The modelled results for the two 8th Outlook scenarios incorporate increases in mining production and energy 
use that is associated with critical minerals. However, a detailed estimate of the magnitude of increase in critical 
minerals supply needed to fulfil the demand for these minerals for renewable capacity, batteries, and other 
technologies is currently unavailable. This paper will undertake a post hoc analysis of the increase in supply of 
minerals needed (including mining and processing) for the increase in energy transition technologies for both 8th 
Outlook scenarios. 

Methods 
The starting point for this analysis will be the results delivered for the forthcoming 8th Outlook. These results 

include the build out of renewable capacity, the stock of electric vehicles (and other transport modalities that are 
reliant on critical minerals), capacity additions for grid level storage, and the increase in other technologies that rely 
on critical minerals, such as hydrogen production technologies, and advanced, more efficient, fossil fuel-based 
technologies.  

A literature review will identify the type and quantity of important critical minerals that will be needed for the 
technologies listed above, including how the need for these inputs is likely to evolve through to the end of the 
projection period. 

These two results, namely i) magnitude of critical minerals dependent technologies and ii) critical minerals 
needed at a granular/unit level, will provide an estimate of the increase in critical minerals supply needed for the two 
8th Outlook scenarios out to 2050. 

Results 
For the Reference scenario, solar capacity increases seven-fold to over 2 100 gigawatts (GW) in 2050 for the 

APEC region. Wind capacity increase four-fold to more than 1 300 GW. Battery storage capacity also increases 
significantly to more than 20 GW by 2050.  

The Carbon Neutrality scenario involves a 12-fold increase in solar, to over 4 000 GW, and seven-fold increase 
in wind, to almost 2 200 GW. Battery storage capacity is more than six-times higher than the Reference scenario in 
2050, reaching more than 130 GW.  

The results for renewable capacity increases include shares of solar photovoltaics (utility and residential), 
concentrated solar power, and offshore and onshore wind. The shares of these types of renewable capacity have 
implications for the type of critical minerals that will be needed, and this will be incorporated in the analysis. 
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Outside of the power sector, electricity consumption within the transport sector increases six-fold out to 2050 in 
the Reference scenario and by more than 14-fold in the Carbon Neutrality scenario. The bulk of this growth in 
electricity is due to a significant increase in electric vehicles, which will involve a large increase in demand for 
critical minerals for the batteries that power them. There will also be significant growth in the charging networks 
required to support this level of penetration of electric vehicles. 

Both the Reference and Carbon Neutrality scenarios involve an increase in green hydrogen production as well. 
This production was modelled separately from the electricity demand from all other demand sectors, given that the 
future for hydrogen is still uncertain. The green hydrogen production nevertheless implies a significant increase in 
renewable capacity. For the Reference scenario, more than 1 800 petajoules (PJ) of hydrogen is produced from 
electrolysis powered by renewable generation. In the Carbon Neutrality scenario, this green hydrogen production is 
almost four-times higher, reaching over 6 600 PJ by 2050. 

Overall APEC electricity generation increases by 45% in the Reference scenario and by 60% in the Carbon 
Neutrality scenario out to 2050 (exclusive of green hydrogen electrolysis). Other low carbon generation, such as 
from bioenergy, geothermal, hydro, and nuclear, all increase in both scenarios and will lead to an increase in the 
demand for certain types of critical minerals as well. The increasing size of electricity networks delivering the 
increased quantities of electricity will also rely on a greater supply of critical minerals. 

While there will be significant growth in demand for critical minerals from energy transition related 
technologies, there are some results from the 8th Outlook which imply a softening in demand for critical minerals. 
For instance, China’s domestic property and construction sector contracts significantly out to 2050. This contraction 
will free up critical minerals, such as copper, for consumption outside of the property and construction sector.  

Conclusions 
The Reference and Carbon Neutrality scenarios in the 8th Outlook present plausible energy futures for the APEC 

region out to 2050. However, the implied need for a significant increase in critical minerals supply, which includes 
an increase in mining activity and increase in minerals processing has yet to be conducted. For the high 
decarbonisation ambitions of the Carbon Neutrality scenario, ensuring critical minerals supply is available in 
sufficient quantities and at a competitive price will be crucial. 

This paper provides a post hoc analysis of the critical minerals needed for these plausible energy futures to take 
place. In an overall energy system context, critical minerals dependent energy transition technologies are still at 
relatively low levels. This has meant that increasing economies of scale have been a driving force in making these 
technologies more competitive. However, with increasing uptake, there are challenges to ensuring whether there will 
be sufficient sources of supply to enable a widescale rollout of these technologies. Supply challenges will need to be 
overcome, if critical mineral are to become as prominent as many institutions, including APERC, are projecting. 
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Overview 
The energy sector as a main contributor to greenhouse gas emissions needs to undergo a large and rather quick 

transition in order to adjust for the Paris Agreement and to limit global warming to 1.5 or at least two degrees. 
Moving from conventional to renewable energy generation might also shift the place of installation, especially for 
small-scale end-users (i.e. citizens). We recognize that the current regulatory set-up in Europe results in large 
distributional effects of costs: high income households are more likely to own properties and therefore generation 
technologies while low-income households co-finance the installations and the system via taxes, levies and fees, 
leading to an increase in their costs (Borenstein and Davis 2016; Lüth, Weibezahn, and Zepter 2020). However, 
there is large potential to install generation technologies at smaller capacities, but the latest development has shown 
that more emphasis is put on the development of large-scale renewable energy installations, i.e. onshore and 
offshore wind farms or open-space PV (BMWi 2019). In an urban context, there is a limitation of space for high-
capacity installations, yet high, centralized electricity demand. 

However, decentralized residential and small-scale technologies that combine generation and storage in the 
vicinity of the end-user in one location have not been regarded as one of the main influential parts of the 
transformation to sustainable energy. On the one hand, we find studies that emphasize the potential of residential 
and urban renewable energy technologies (Fraunhofer ISE 2020), but also see reports, on the other, that present the 
downsides of the approach to roll-out small-scale technology (Mathiesen et al. 2017). Considering rooftop PV, some 
studies show that costs for the technology, installation, and maintenance are much higher than for PV parks 
(Fraunhofer ISE 2018). Arguing based on pure system costs, we see a limitation in the approach (acatech, 
Akademienunion, and Leopoldina 2020) and formulate the hypothesis that decentralized generation in an urban high 
demand area is equally important for a successful energy transition as the large-scale deployment onshore and 
offshore. This follows earlier, established theories of decentralization (Schumacher 1973; Weizsäcker, Lovins, and 
Lovins 1997). 

In order to address monetary and non-monetary aspects of a large and small-scale technology deployment, we 
develop an alternative assessment scheme based on ecological, economic, and social criteria to qualitatively contrast 
the value of large-scale and small-scale renewable energy technologies. We apply this method to the context of the 
Global North and the Global South context to evaluate and identify advantages and current barriers as well as 
disadvantages of each approach from both a system and societal perspective. 

Methods 
We develop a three-dimensional assessment scheme based on ecological, economic, and social criteria to 

estimate the value of the deployment of large-scale or small-scale renewable energy technologies. Each of the 
dimensions – ecological, economic, and social – is described by a number of criteria that we derived from current 
studies on the profitability of each approach (acatech, Akademienunion, and Leopoldina 2020; Carbajo and Cabeza 
2019; Chilvers, Pallett, and Hargreaves 2018; Tobiasson and Jamasb 2016). These criteria are separately being 
described in detail and evaluated in the context of deployment of large, medium, and small-scale technologies. 
Analyzing studies and reports, we find the following criteria driving the discussion about the place of installation: 

- Ecology: climate protection, intrusion into natural biosphere, use of resources, land use 

- Economy: economic efficiency/viability, technological efficiency, enforceability, regulation 

- For a social assessment: acceptance, participation, social equity, health 

We take architectures from both decentral and central energy system deployment and qualitatively evaluate 
them with regard to the named criteria by comprehensively structuring existing results from various research 
outcomes of studies on each of these categories. The analysis leads to an overview on all impacts, advantages and 
disadvantages of each of them, and allows for drawing essential conclusions for guiding policy-makers in 
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accelerating the energy transition. In the broader sense, this assessment scheme can relate to the methodology of 
identifying strengths and weaknesses. 

Results 
In Germany, incentive mechanisms to support the deployment of generation technologies at the location of a 

load center have not shown the desired increase in installed capacity. Both subsidies that are in place to support the 
installation of for example rooftop PV suffer from their downsides that in turn lead large players to focus on large-
scale projects. However, when comparing residential-scale rooftop PV to large-scale solar and wind parks, we find 
that the consideration of more than the pure costs of installation for the technology emphasizes the importance of 
improving policies to support a roll-out of residential systems that are grid connected. The reason is two-fold: First, 
a pure cost-based approach disregards the costs for infrastructure and technology needed between generation and 
demand, that is, network expansion to load centers or additional substations. Second, public acceptance rises in the 
presence of ownership and so does the willingness to participate in the transition. In the current set-up, rights, 
access, and ownership of roofs, land, and technology are especially critical for residential technology and, thus, pose 
a challenge to the current incentive mechanism. The results for the economic assessment are most diverse: While we 
identify a strong support of large-scale deployment by the purely cost-related economic criteria, the regulation 
shows a lack of space for business models to emerge that support and increase the operation of residential 
technology. 

Conclusions 
Applying the suggested three-dimensional assessment method, we observe that aside of the pure costs of 

technology a deployment of residential technology has equally positive aspects as large scale wind and solar parks. 
In the current debate on the location of wind and solar parks and the lack of space to build these, the parallel support 
of residential technology allows for an additional pathway to increase aggregated installed renewable energy 
capacity. Ownership and access rights for small-scale residential technology have so far been one of the major 
barriers in the current framework: a new model where not only roof and house owners can be sharing the technology 
and its generation is needed to encourage and accelerate the transition in urban areas.  

References 
acatech, Akademienunion, and Leopoldina, eds. 2020. Zentrale Und Dezentrale Elemente Im Energiesystem: Der 

Richtige Mix Für Eine Stabile Und Nachhaltige Versorgung. 
BMWi. 2019. “Entwicklung Der Erneuerbaren Energien in Deutschland Im Jahr 2018.” https://www.erneuerbare-

energien.de/EE/Redaktion/DE/Downloads/entwicklung-der-erneuerbaren-energien-in-deutschland-
2018.pdf?__blob=publicationFile&v=24. 

Borenstein, Severin, and Lucas W. Davis. 2016. “The Distributional Effects of US Clean Energy Tax Credits.” Tax 
Policy and the Economy 30 (1): 191–234. https://doi.org/10.1086/685597. 

Carbajo, Ruth, and Luisa F. Cabeza. 2019. “Sustainability and Social Justice Dimension Indicators for Applied 
Renewable Energy Research: A Responsible Approach Proposal.” Applied Energy 252 (October): 113429. 
https://doi.org/10.1016/j.apenergy.2019.113429. 

Chilvers, Jason, Helen Pallett, and Tom Hargreaves. 2018. “Ecologies of Participation in Socio-Technical Change: 
The Case of Energy System Transitions.” Energy Research & Social Science 42 (August): 199–210. 
https://doi.org/10.1016/j.erss.2018.03.020. 

Fraunhofer ISE. 2018. “Studie zu Stromgestehungskosten: Photovoltaik und Onshore-Wind sind günstigste 
Technologien in Deutschland.” Freiburg i. Br.: Fraunhofer ISE. https://www.ise.fraunhofer.de/de/presse-
und-medien/presseinformationen/2018/studie-zu-stromgestehungskosten-photovoltaik-und-onshore-wind-
sind-guenstigste-technologien-in-deutschland.html. 

———. 2020. “Recent Facts about Photovoltaics in Germany.” https://www.pv-fakten.de. 
Lüth, Alexandra, Jens Weibezahn, and Jan Martin Zepter. 2020. “On Distributional Effects in Local Electricity 

Market Designs—Evidence from a German Case Study.” Energies 13 (8): 1993. 
https://doi.org/10.3390/en13081993. 

Mathiesen, Brian Vad, Andrei David, Silas Petersen, Karl Sperling, Kenneth Hansen, Steffen Nielsen, Henrik Lund, 
and Joana Brilhante das Neves. 2017. “The Role of Photovoltaics towards 100% Renewable Energy 
Systems: Based on International Market Developments and Danish Analysis.” Department of Development 
and Planning, Aalborg University. https://vbn.aau.dk/da/publications/the-role-of-photovoltaics-towards-
100-renewable-energy-systems-ba. 

Tobiasson, Wenche, and Tooraj Jamasb. 2016. “The Solution That Might Have Been: Resolving Social Conflict in 
Deliberations about Future Electricity Grid Development.” Energy Research & Social Science 17 (July): 
94–101. https://doi.org/10.1016/j.erss.2016.04.018. 

 

R
e

n
e

w
a

b
le

s



136

   

Overview 
Nearly 35 % of total worldwide energy production is consumed by the building sector. In the European Union, 

the overall energy consumption by buildings account for 40%, and approximately 30 % of the building energy is 
consumed by heating, ventilation and air-conditioning. Ventilation is the simplest, oldest, and least expensive form of 
passive cooling or heating. In the last years, researchers focused on the natural ventilation. Natural ventilation induced 
by solar chimney is an excellent passive system for air exchange that provides outdoor fresh and unpolluted air. 
Moreover, many current scientific researches have shown the possibility to enhance indoor natural ventilation in 
buildings by using solar chimneys. Shuangping Duan et al analysed the airflow in a building occpupied by solar 
chimney and fans.  The results of this study showed that the airflow rate boosts if the height of the solar chimney and 
solar radiation increase. The deduced also, that using fans will decrease the natural ventilation generated by solar 
chimney. E.P. Sakonidou et al. Investigated the optimal angle that will provide a maximum airflow by natural 
ventilation in solar chimney. Developed model permitted flowing many parameters such air velocity and the 
temperature variation inside the chimney. 

Methods 
The Figures 1 and 2 illustrate a schematic diagram of the ventilated building for the two proposed types of 

solar chimney. The solar chimney uses the sun's heat to provide ventilation based on the pressure difference between 
building air inlet and air outlet. Solar radiation is used to heat up the air flow in the collector in order to enhance 
ventilation in the chimney. The solar chimney Type I is a conventional design with a simple vertical part while the 
solar chimney type II is our proposed original design with a lateral (vertical) part and an upper (horizontal) part. 
 

  

Fig. 1. Schematic diagram of the ventilated room: Type I. Fig. 2. Schematic diagram of the ventilated room: Type II. 

 
A solar chimney is a type of passive solar heating and cooling system composed of a glass, air and absorber. The 
natural air flow within the solar chimney due to the difference of the density varied with vertical direction is considered 
steady and with negligible resistance losses. That can be used to regulate the temperature of a building as well as 
providing ventilation is considered steady and with negligible resistance losses. The energy balances for each 
component are written as (Nasri et al., 2018):  
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Results 

All numerical simulations are carried out for an ambient temperature Ta=15°C, solar radiation I=500W/m2, 
all wall temperatures are unique Tw=15°C. The chimney cross section is Ach=0.3×1m2 for the two investigated types 
of solar chimney.  For the solar chimney Type I, the air flow velocity in the chimney is Vch=0.13 m/s and the outlet 
chimney temperature (inlet room temperature) is Tout,ch=27.5°C. The Figures 3 and 4 present the air temperature 
evolution and the air temperature contours respectively for the solar chimney Type I. This study will present the air 
streamlines, the air temperature evolution and the air temperature contours respectively for the solar chimney Type II. 

 

  

Fig. 3. Air temperature evolution for the ventilated 
room: Type II. 

Fig. 4. Air temperature contours for the ventilated 
room: Type II. 

 Base on the numerical results,  the proposed original design of solar chimney (solar chimney Type II) 
provides better distribution of heated air in the ventilated room than the conventional one (solar chimney type II).   We 
carried out numerical results of the calculated exit air velocity and the calculated air temperature respectively in 
function of solar heat flux. 

 

   
Fig. 5. Calculated exit air velocity: solar chimney 

Type I vs solar chimney Type II. 
Fig. 6. Calculated exit air temeprature: solar 

chimney Type I vs solar chimney Type II. 

Conclusions 
An original design of solar chimney with lateral (vertical) part and upper (horizontal) part is proposed. The 

proposed design permits to ensure thermal comfort in a ventilated room during winter mode. A comparative numerical 
study between the conventional and the proposed original designs is carried out to evaluate the ability of each design 
to ensure indoor thermal comfort. Results show that the original design of solar chimney presents better performance 
than the conventional one.  
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Overview 
     Solar photovoltaic (PV) has been regarded as the fastest-growing, ecologically and economically feasible energy 
source for over a decade. The fundamental issue in the penetration of solar PV technologies is that traditional 
technologies have already amortized their investments, making them more profitable and competitive, but 
innovative technologies such as solar PV require a start-up investment. Installation cost reduction has played a 
crucial role in energy transition and solar PV development. It was discovered that capital expenditure is one of the 
most significant financial barriers to solar PV uptake. The capital cost of solar PV may be broken down into two 
parts: the ‘module’, which converts sunshine to energy, and the ‘other costs’, which include installation, inverter, 
labour, mount, cable, permitting, and grid connection. The cost-share in capital investment of solar PV installation 
has observed a dramatic change recently. The module price has declined faster than the ‘other cost’. While module 
costs are internationally priced and well-documented, ‘other costs’ are little known. Furthermore, each location or 
nation has unique cost elements as a result of industry, legislation, energy objectives, and the environment. As a 
result, knowing the pace of cost reduction in 'other costs (other than module price) components in solar PV by 
renewable policy (such as feed-in tariff vs without feed-in tariff), country class (developed vs developing), and 
geographical regions is crucial for policymakers. The future capital investment of solar PV, which is related to a 
cleaner energy future, will decide its continuous acceptance, and the learning curve (LC) will influence policy 
circles. The learning curve (LC) idea is valuable because it clarifies how expenses have changed over time. This 
study will help forecast future solar PV capital expenditures and pricing more accurately. Because these systems rely 
on private market reactions to legislative frameworks, and private investment decisions are sensitive to local cost 
situations, this is crucial for spreading PV on rooftops of homes and businesses. 
 
Methods 
     The data has been extracted for various countries yearly (1995-2020) from different sources such as the OECD, 
World Bank, IEA and IRENA to conduct panel data estimations. The study considers the following learning curve 
(LC) specification can be expressed as (Trappey et al., 2016): 
�a�� � A ��������b c ………………………………………………………………..…………………………………..(1) 
Where �a��Ais the marginal cost of producing the q-th unit for the country (i = 1, 2, ….., 26) and year (t = 1995, 
1996, ……, 2020 ) d ��is the cost of producing the first unit, CC is the cumulative installed capacity and 6 is the 
learning index or the experience parameter can be expressed as 6 � <.� 
A.��
Ae eff e e 
A.g�g?. Expressing 
equation-1 in log form and considering 6 parameter, we can obtain a simple model suitable for regression analysis.  
)2�a�� � A )2���� 
 6)2���� 
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 )2 c ………………………………….…..(3) 
Where �a�� and ����Aindicate the ‘other costs (does not include module cost)’ and cumulative installed capacity, 
respectively. .�Arepresents the coefficient of the cumulative installed capacity. (��� ��ff e �g?Adenote possible 
moderating factors and <.� .�� ff.g?Aare their coefficients. The learning curve (LC) will be �h (where . i D 
implies positive learning) showing the percentage change in cost due to the doubling of cumulative installed 
capacity.  
     A single-factor learning curve may neglect essential components and leads to estimation bias (Trappey et al., 
2016). As a result, the study attempts a multi-factor learning curve. We have considered learning curves of one 
factor (PV cumulative capacity) and two (PV cumulative capacity and labour cost) learning curves. The dependent 
variable is the capital cost (per Watt installation cost in USD), and the independent variables inspected are solar PV 
cumulative capacity (Watt) and labour cost (USD/hour), which can significantly affect the ‘other costs (excluding 
module cost)’ of solar PV. We express capital and labour costs relative to the GDP deflator to adjust inflation. 
Several econometric models, such as ordinary least square, random effect and fixed effect model, were employed to 
investigate the learning curve. Moreover, we have transformed the relevant variables in appropriate scale and 
corrected the data for unit root, multicollinearity, heteroscedasticity, omitted variable bias and endogeneity to get the 
robust results. 
 
Results 
     We investigated the ‘other expenses’ with solar PV cumulative capacity in the one-factor model (Table-1 
(column-1, 3 and 5) and the labour cost in the two-factor model (Table-1 (column-2, 4 and 6) as well. In all models, 
findings revealed that cumulative capacity and labour cost had a substantial impact on the ‘other expenses 
(excluding module cost)’ component of a photovoltaic installation. The solar cumulative capacity learning parameter 
is negative for all models, suggesting that there is positive learning of ‘other cost’ components of a solar 
photovoltaic installation. The significant learning rate for ‘other expenses’ of solar power installation is 77.38 

IS LEARNING CURVE ON SOLAR PHOTOVOLTAIC INSTALLATION 
AFFECTED BY RENEWABLE POLICY AND REGIONAL CHARACTERISTICS? 

Saiful Arefeen, Graduate School of Economics, Ritsumeikan University, Japan, gr0252eh@ed.ritsumei.ac.jp 

R
e

n
e

w
a

b
le

s



139

 2 

percentage (.�= -0.37) in the whole sample means that for each time the cumulative solar capacity doubles in the 
two-factor model (Table-1, column-2), the new production cost will be 77.38% of the initial cost.  
 
Table-1: The learning curve of solar photovoltaic in ‘other costs (excluding module cost)’ using fixed-effect or 
random-effect model 
 (1) (2) (3) (4) (5) (6) 

Variables Ln (other costs) 

Overall FIT policy Without FIT policy 

 One- 
factor 

Two-factor One-factor Two- 
factor 

One- 
factor 

Two-factor 

Ln (solar cum. 
capacity) 

-0.22*** 
(0.02) 

-0.37*** 
(0.03) 

-0.29*** 
(0.04) 

-0.34*** 
(0.05) 

-0.19*** 
(0.04) 

-0.48*** 
(0.03) 

Ln (solar cum. 
capacity)* labour 
cost 

- 0.01*** 
(0.001) 

 0.01*** 
(0.001) 

 0.01*** 
(0.001) 

Constant 2.93*** 3.44*** 3.43*** 3.27*** 2.74*** 3.51*** 

 (0.18) (0.25) (0.24) (0.39) (0.24) (0.16) 

Observations 343 159 182 90 160 68 

R-squared 0.27 0.46 0.20 0.26 0.28 0.78 

Number of country 26 14 22 11 24 13 

LR-test 94.63*** 60.59*** - 38.43*** 57.57*** - 

F-test - - 6.51*** - - 14.22*** 

Breusch-pagan 
(LM) test 

329.27*** 241.39*** - 141.34*** 124.71*** - 

Hausman 0.05 0.50 4.11** 0.68 1.79 1038.0*** 

AIC 963.89 397.04 444.79 253.42 442.63 21.40 

Learning curve (�hA) 
(%) 

85.86 77.38 81.79 79.0 87.66 71.70 

Progress ratio   
(1- �hA) (%) 

14.14 22.62 18.21 21.0 12.34 28.30 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
      
     Policy learning has emerged in recent years as an innovative way of exploring the roles of knowledge acquisition 
and use in policy change to renewable development. It is argued that interpreting ‘other costs’ in solar photovoltaic 
power installation through the lens of feed-in tariff policy learning yields fresh perspectives on why policies develop 
in specific directions and not others. The feed-in tariff is a price-based subsidy policy for renewable generators, 
which sets a guaranteed price to be paid to renewable producers per kilowatt-hour (kWh) of electricity generated. 
The results reveal that although the learning rate in the ‘other costs’ component of solar installation is significant in 
both countries with or without renewable policy (feed-in tariff), the learning rate is higher in the countries with the 
renewable policy. In the two-factor model (Table-1, column-2, 4 & 6), the overall learning rate is 77.38%, whereas 
the learning curve is 79% for the FIT policy presence and 71.7% for the feed-in tariff policy absence. 
 

Conclusions    
     To examine the learning curve coefficient on solar photovoltaic power installation, we used the learning curve 
approach and applied multiple econometric models such as fixed-effect and random-effect. The results reveal that 
the ‘other costs (excluding module cost)’ learning curve, and its segmentation by renewable policy (such as feed-in 
tariff) have a substantial positive learning effect on solar photovoltaic installation. In comparison to nations without 
a feed-in tariff policy, countries with a feed-in tariff policy have a greater learning rate. Policymakers may use this 
learning curve to forecast future solar photovoltaic penetration and policy interventions on cost structures in order to 
penetrate solar photovoltaic and promote clean energy globally. 
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Overview 
The Association of Southeast Asian Nations (ASEAN) has been working on utilizing its energy resources scattered 
across the region through the integrated grid networks such as the ASEAN Power Grid (APG) and the Trans 
ASEAN Gas Pipelines (TAGP). The power trade in the Great Mekong Sub-region (GMS) is a successful pioneer of 
cross-border power trade in the region. The ASEAN member countries, especially five countries in the GMS, 
namely Cambodia, Lao PDR, Myanmar, Thailand and Viet Nam have huge potential in hydropower (Chang and Li, 
2013; Li and Chang, 2015; ASEAN Centre for Energy, 2022; Tran and Suhardiman, 2022). Table 1 presents the 
actual capacity of hydroelectricity as of 2018 and the potential capacity of hydroelectricity in the five GMS 
countries.  
 
Table 1: Actual (2018) and Potential Capacity of Hydroelectricity in the GMS (unit: MW) 

Capacity/Countries Cambodia Lao PDR Myanmar Thailand Viet Nam Total 
Actual 1,330 5,472 3,259 3,103.4 20,170 33,334.4 

Potential 26,417.27 48,949.64 108,000 12,431.65 95,568.35 291,366.91 
Utilization (%) 5.03 11.18 3.02 24.96 21.11 11.44 

Source: Chang and Li (2015), ASEAN Centre for Energy (2022) 
 
As shown in table 1, the utilization rates of the hydroelectricity potential for the five GMS countries are raging from 
about 3% (Myanmar) to about 25% (Thailand), and 11.44% at an aggregate level. The potential capacity of 
hydroelectricity is huge, but the development of the potential capacity into actual one has been slow and a lack of 
interconnections between the supply sources of hydroelectricity and the demand sources of hydroelectricity is one of 
the key reasons for the slow development (Do and Burke, 2022). As of April 2020, the existing capacity of cross-
border bilateral interconnections in the ASEAN is 7,720MW, the ongoing capacity is from 555MW to 625MW and 
the future capacity is from 18,369 to 21,769MW (ASEAN Centre for Energy, 2021). 
 
Most cross-border interconnections within the Southeast Asia are the direct or dedicated connection between the 
source of exporting system to the source of importing system and no access is given to a third party. Dedicated 
interconnections could hinder the development of full-pledged open access interconnections of power grids in the 
region (Ricardo Energy and Environment, 2019). Using an ASEAN power trade model, this study aims to fill the 
gap in the literature to vindicate how power trade in the region will ensure the development of hydroelectricity. It 
also aims to draw economic and environmental justifications of cross-border bilateral and open-access 
interconnections that would help the region cooperate and accelerate the development of renewable energy, mainly 
hydroelectricity.  
 
This study scans and collects information relating to the status of cross-border bilateral interconnections in the 
region. It updates the values of the variables and parameters used in the ASEAN power trade model, and afterward it 
modifies the model to incorporate cross-border bilateral interconnections into the framework and later to develop a 
full-pledged open access interconnections. Using the General Algebraic Modelling System (GAMS), it solves the 
model and derives solutions and policy implications. 

Methods 
This study adopts a dynamic linear programming framework in power generation first developed by Turvey and 
Anderson (1977) and later adapted by Chang and Tay (2006) and Chang and Li (2013). In the latest study of Chang 
and Li (2013), significant extensions of the original models were made. A new country dimension was added to 
allow an international framework with cross-border electricity trade. The new model also added the cost of cross-
border power transmission as well as transmission loss into account. Carbon emissions from power generation as 
well as the carbon cost of power generation were explicitly considered.  
 
The model sets an objective function and includes various constraints such as resource endowments, technologies, 
capital and operation costs, costs of interconnections and carbon emissions, among others. The objective function is 
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stated as to minimize the cost of meeting electricity demand by taking account all resource endowments, available 
technologies and constraints. There are several constraints that are required to optimize the above objective function.  
To ensure meeting domestic demand and trading surplus electricity, this study has a few key assumptions. First, total 
installed capacity of power generation in the region should be greater or equal to total demand for electricity in the 
region. Second, the total output of electricity generation in each country is constrained by the load factor of each 
installed capacity of all types of electricity generation in the county. Third, the electricity supply of all countries in 
the region to a certain country should be greater than or equal to the demand for electricity in the country. Fourth, 
the total supply of electricity from one country to all countries (including the country itself) in the region must be 
smaller or equal to the total available supply capacity of the country at a given time. 
 
The base case of this study is a replication of the current system-to-system interconnections in the region where no 
third party or open access is allowed (Ricardo Energy and Environment, 2019). Along with the base case, this study 
develops a few scenarios by adopting various business plans of interconnections. It also develops a few more 
scenarios of full-pledged cross-border interconnections with environmental consideration of imposing carbon taxes 
where third party or open access is allowed. 

Results 

This study presents the following results. First, it presents economic costs of hydroelectricity development for the 
GMS under the current system-to-system interconnections. Second, it presents the estimated total costs of meeting 
electricity demand for the GMS and country-specific net gains that could be negative for some countries under the 
various scenarios of business plans of interconnections. Third, it presents environmental costs of developing 
hydroelectricity in the GMS. Finally, it presents how the environmental consideration such as imposing carbon taxes 
influences the development of hydroelectricity in the GMS and the degree of mitigating the negative environmental 
consequences in the GMS. 

The findings of this study are expected to present a few policy implications. First, this study can help the GMS 
countries identify business plans of interconnections in economic and environmental terms and evaluate the pros and 
cons of various system-to-system interconnections. Second, it also can help the GMS countries prioritize the 
investment order of cross-border interconnections. Third, it can help the GMS countries measure the relief or burden 
of carbon taxes through the development of hydroelectricity in the GMS. Finally, the findings can shed light on the 
level of carbon taxes and the speed of hydroelectricity integration into the power system in the GMS countries as a 
whole so that the GMS countries can plan and adjust the speed of developing hydroelectricity. 

Conclusions 

The results of this study are expected to help the region identify business plans of interconnections in economic and 
environmental terms and evaluate the pros and cons of various system-to-system interconnections. The study also 
can help the region prioritize the investment order of cross-border interconnections. In addition, it can help the 
region measure the relief or burden of carbon taxes through the development of hydroelectricity in the region. 
Finally, the findings can shed light on the level of carbon taxes and the speed of hydroelectricity integration into the 
power system in the region as a whole so that the region can plan and adjust the speed of developing 
hydroelectricity. 
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Overview 
This study analyzes effects of technology R&D performances as a policy variable towards the expansion of 

renewable electricity generation among 18 OECD countries. We use US patents in the area of renewable energy, 
especially solar and wind as the variables to represent output of a country’s R&D activities. We use annual data from 
1990 to 2015 of 18 OECD countries. Estimation results show that patents have positive effects on renewable electricity 
generation and are statistically significant across all 18 countries.  Germany, Spain, and United Kingdom show the 
highest effects among 18 OECD countries analyzed.  

 

Methods 
This study uses a panel econometric model:  

 

where   is renewavle electricity generation of I country in t year,   is the number of US patents in 

rerenewable electricity fields od I country in t year,  and   are error terms. We use annual data from 1990 to 2015 of 
18 OECD countries. 

 

Results 
Estimation results show that patents have positive effects on renewable electricity generation and are all 

statistically significant across 18 countries. We also find that a fixed-effects model is more efficient by the Hausman 
test. Results show that the size and sign of the coefficients remain constant with different sets of control variables in 
the model, confirming that the estimation model of this study is solid and stable.  

Figure. Plots between Renewable Energy Patents and Reneable Electricity Generation  
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Among 18 countries analysed, Germany, Spain, United Kingdom show the highest effect. These three countries 
all have high numbers of renewable energy patents.  On the other hand, Korea, even with high numbers of patents, 
shows below-average coefficient values in policy variables, indicating that the relation between R&D policy and 
renewable energy dissemination policy is still at a low level.  

 

Conclusions 
This study’s results show that to enhance renewable energy production, technology R&D activities have highly 

positive impacts for the purpose. Among 18 OECD countries examined, Germany, UK and Spain come with the 
highest effects and those countries all have high numbers of renewable energy patents.  These results give 
policymakers a concrete fact that technology development policy is one of the main policy tools for renewable energy 
opportunities and challenges.  
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Overview 
Doubly Fed Induction Generator (DFIG) is one of the popular choices for wind generation due to its variable speed 
operation, low losses and relatively low cost as compared to fully rated converter-based wind turbines. However, there 
are many disadvantages as well of DFIG generation system such as vulnerability to grid disturbance due to direct 
connection between stator and grid [1]. The increased sensitivity of DFIG wind turbine to voltage sags requires 
additional protection scheme for Rotor Side Converter (RSC) [2], [3]. Power electronic converters protection in DFIG 
based system is very important to avoid any over/under voltage and overcurrent situation during faults. 

Methods 
The simulation setup includes a DFIG wind turbine with 690V at its terminals and is connected with step up 
transformer. A step-up transformer (0.69/33 kV) is used to step up the voltage for collection purposes. A step-up 
transformer (33/132 kV) to increase voltage suitable for transmission at long distances is used. A 50 km HVAC 
transmission line is utilized for power transfer to the grid. The simulations were performed in the following steps: 

1. Steady state simulations under no fault and without any protection scheme 
2. Turbine terminal, grid side, and transmission line was subjected to a three-phase short circuit fault. 
3. An active crowbar and DC chopper were connected to rotor windings and simulations were repeated.  
4. Value of crowbar resistance, fault resistance and chopper resistance were �

Results 
The parameters measured througout the simulations are turbine’s active and reactive power, DFIG stator current and 
voltage, rotor current and voltage. Per unit system was adopted for the measurement of stator current and voltage, 
whereas, actual values were used for the measurement of DC-link capacitor voltages, active power and reactive power. 
Fig. 1 shows the results of DC link voltage, reactive power and active power during fault. Overcharging of DC 
capacitors results in a remarkble increase of DC link voltage that reaches 2450V throughout the fault. Power electronic 
converters and capacitor can be damaged due to this increase in DC link voltage. These consequences show that the 
reliability and safety of power system operation is compromised resulting in significant damage to the turbine when 
the tansmission line is subjected to a the phase short circuit fault which means that a protection strategy is required to 
cope with the situation. 

 
Fig. 1 Behaviour of DC-link voltage, reactive power and active power at fault  
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Conclusions 
This paper discusses the importance of protection schemes for DFIG based wind generation system during grid 
disturbances. Two different types of protection schemes are designed and implement namely crowbar and DC chopper. 
Finally, a coordinated protection scheme consisting of both schemes is implemented which shows better results than 
individual crowbar and DC chopper protection. These results can strengthen our knowledge about the FRT behavior 
of DFIG wind turbines under different types of grid disturbance and protection scheme.  
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Overview 

The world is rapidly shifting to renewable energy sources. There's unprecedented momentum for reducing 
dependence on fossil-based energy. Nevertheless, climate change, oil and gas price volatility, geopolitics, and 
emissions make the oil and gas industry uncertain. In response to this uncertainty, governments across the globe 
have shifted their policies, financial plans, and priorities to favour renewable energy. 

The Kingdom of Saudi Arabia is a fertile environment for renewables investment; renewables investment is a key 
factor in economic growth and aligns with Vision 2030. 

Apart from the available assets and capacities, Saudi Arabia has a significant advantage in achieving a high level of 
renewables production compared to others. 

For example, the perfect georgical location that connects three big markets ( Asia, Africa, Europe ) and the massive 
natural gas production in Saudi Arabia have resulted in blue hydrogen gaining an advantage. By keeping natural gas 
at its current low price of $1.25/MMBtu, the cost of producing blue hydrogen could fall from $1.34/kg to $1.13/kg 
by 2030. Whereas In Saudi Arabia, the cost of producing green hydrogen could fall to $1/kg by 2050. 

 

Methods 
 
Identify and evaluate some of the global and local renewable energy opportunities and challenges. Based on the 
results of the analysis, recommendations were made.�
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Results 

Challenge (1) Raw minerals such as Silicon, silver, steel, aluminium, uranium, Lithium, nickel, cobalt, cooper, and 
other rare earths are significant elements in many technologies required in energy transitions. The transition to a 
clean energy system increases the demand for these minerals dramatically. However, for most minerals, available 
quantities represent only a small portion of total demand. Opportunity: Limiting the use of rare earths. Considering 
the circular economy to create sustainable solutions.  

 

Challenge (2) Given the limitations of the countries where these raw materials can be found, a monopolized market 
has formed. China, for example, has 97% of the total available rare earths. Opportunity: global policymakers need to 
secure the supply chains, improve the market transparency, develop response capabilities to potential supply 
disruptions and contingency plans for possible geopolitical conflicts.  Strengthen international collaboration between 
producer countries and consumer counties.  

 

Challenge (3) Lack of financial plans and investment strategies, which causes energy transitions to be delayed. 
Opportunity: enhance the investment by creating conditions conducive to diversified investment in the mineral 
supply chain. 

 

Challenge (4) Environmental harm. Wind energy can harm birds through direct collisions with turbines and other 
structures. Mining is an invasive process that cause serious damage to the landscape, release of greenhouse gasses, 
mining can lead to the loss of plants and animals, affecting ecosystem, soil toxicity and habitat loss. Opportunity: 
control the unregulated mining operations, improve the legislation and regulations, improve environmental 
performance, create solutions for the toxic mining waste and reusable waste. 

 

Conclusions 
Although, many industrialized economies are working aggressively to develop alternative non-oil-based energy 
sources, their emerging counterparts continue to rely on relatively cheaper hydrocarbon-based energy sources to 
increase their productive capacities, at least for the foreseeable future. The feasibility of a complete transition to 
unconventional energy sources is far from reality because renewable energy development and investment face 
numerous technical, economic, and geopolitical challenges, technically, economically, and geopolitically. 
Synergizing the traditional energy source and the renewables, can be the key to maximizing the energy industry 
efficiency, fulfill the demand and reduce carbon footprint. It builds a more resilient core business. 
Explore the possible hydrogen investment opportunities through the production of natural gas which eventually 
helps in achieving a cleaner, more affordable, and secured energy. 
Generate thermal energy from burning excess natural gas on oil rigs can be an added benefit. 
�

 

 

References 
International Energy Agency (2014). “World Energy Outlook 2014”. International Energy Agency. 

Arena.org 

Aramco.com 

PIF.gov.sa 

R
e

n
e

w
a

b
le

s



148

Abstract 

College: College of Engineering and Science 

Department/Program: Renewable Energy Program 

Specialization/Track: Solar Energy Technology 

Title: Ground Source Ventilation and Solar PV towards Zero Carbon Houses in Riyadh 

Student Name: Osamah bin Saad Alanazi  

Supervisor Name: Muhammad Ghazi Kotbi, Muhammad Omar Alfadil 

Degree: Master's 

Discussion date: 06/26/2022, 27/11/1443 

Keywords: Zero Energy Buildings, Renewable Energy, Solar Energy, Geothermal 

Energy, Zero Carbon 

Abstract: 
 

While renewable energy technology is developing in the Kingdom of Saudi Arabia 

(KSA), and the ambitious 2030 vision encourages the shift towards more efficient and 

clean energy usage. The research on the application of geothermal resources in the 

residential use for Saudi Arabian context will contribute towards a more sustainable 

environment. This papers main goal was to investigate the possibility of achieving a 

zero-carbon house in the capital city of Riyadh, by applying a ground coupled system 

into a current sustainable house that uses a grid-tied solar system. The current house 

was built and designed by King Saud University for the 2018 Solar Decathlon Middle 

East competition. However, the house failed to reach zero-carbon operation due to the 

high cooling demand. This study redesigned and validated the house using Revit and 

Carriers Hourly Analysis (HAP) software. After that, a ground source ventilation 

system was designed using the GCV Tool to reduce cooling loads. After the application 

of the ground source system, the new electrical loads were compared with the current 

house. Finally, a simple economic analysis that includes the cost of applying the ground 

source system was reported. The findings of this study indicated that the current solar 

house with all its features is not capable of reaching zero-carbon using a ground-

coupled ventilation system. Further findings showed that zero-carbon is only possible 

if current design changes were made, such as electrical appliance schedules. The same 

findings showed that there is no feasibility of building such a house, since the main 

purpose was to compete for a contest. However, the findings suggest that if the same 

GCV system designed in this study was applied to typical houses, there might be better 
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economic feasibility.  While cooling in the residential sector is the dominant energy 

consumer in the Gulf region, this work will certainly help in moving towards using 

renewable sources to meet those demands. This paper was limited to the current built 

house and has not changed any design features except for the addition of the ground 

source ventilation system.  
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Overview 
Korea's renewable energy dissemination policy has been implemented based on the Renewable Portfolio 

Standards (RPS) since 2012. In Korea, the obligatory target under the RPS is not for power distribution companies, 
but for power generation companies with generation facilities of 500 MW or more. As of 2022, 24 power generation 
companies are following the obligation. In 2022, the mandatory supply ratio is 12.5% of the previous year's base 
generation, which is about 58.7 TWh based on the thermal power generation and corresponds to 78.7 million 
Renewable Energy Certificates (RECs). The obligated supplier fulfills the obligation by procuring RECs through long-
term contracts, self-constructions, and the REC spot market. The most important indicator in procurement of RECs is 
the REC spot price, which is determined by direct and indirect influences such as market shape, REC demand and 
supply, levelized cost of energies (LCOEs) of renewable generations, and electricity market price. Among them, the 
spot market was opened for the smooth fulfillment of the obligations of the supplier, and trades are conducted twice 
a week (Tuesday and Thursday). In this study, major factors affecting the REC spot market price were identified using 
AI-based statistical techniques targeting the Korean REC spot market, and the short-term REC price was predicted 
based on the model. 

Methods 
The REC price can be theoretically estimated by subtracting the 

System Marginal Price (SMP) from the LCOE (Levelized Cost of 
Electricity) [1]. However, this estimation formula does not reflect the 
various policies and factors of the renewable business so the results may 
be distorted in real-world transactions. New REC spot market price 
estimation methods have been proposed to overcome this problem [2-4]. 
However, forecasting is difficult due to the correlation between the REC 
price and potential future business environments and policy changes. In 
this study, we propose REC spot market analysis models that 
comprehensively reflect the renewable energy industry environment and 
national policies in Korea's electricity ecosystem. The proposed models 
perform REC spot market simulations that comprehensively utilize 
various factors, including national energy and electricity policies, 
renewable energy plans, electricity markets, oil prices, and economic 
indicators such as exchange rates.  

 
The main influencing factors of the simulation models are as follows: 

1. REC spot market: AI-based statistical estimation 

2. Electricity market: SMP estimation based on energy supply and demand 

3. Renewable energy status: dissemination status and national renewable energy dissemination goal 

4. REC selection contract: AI-based bidding, statistical patterns for transactions 

5. National energy policy: policy direction, such as a change in supply obligation quota 

6. Economic indicators such as oil prices and exchange rates: forecasts of indicators by national institutions 
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Time series-based AI algorithms [5] can be used for short-term price estimation. We adopt a recursive estimation 
model to estimate the price for one month into the future and use the estimated price for training. We extend the short-
term predictions beyond 12 months using a re-sampling methodology (Gibbs sampling and bootstrapping) and 
construct a simulation model based on the econometric model [6-7]. We use the Feature Permutation Importance 
Method [8] to analyze the importance of influence factors. The model is validated based on the minimum mean 
absolute error (MAE) between the actual and the estimated REC prices. 

Results 
We trained a time series-based AI model to estimate short-term REC spot transaction volume and transaction 

amount using data up to March 2022, and tested the model on the next three months of data (from April to June 2022). 
Compared to the average, the resulting MAE volume and amount were 12.8% and 8.2%, respectively, which were 
relatively large errors compared to the average transaction volume and average transaction amount of the historical 
data. This suggests that interpreting the REC spot market only through trend analysis may cause distortion. Thus, it 
would be reasonable to develop and apply an AI-based in-depth model that heuristically reflects changes in policy 
goals.  

Conclusions 
The composite analysis conducted in this study uses a scenario-based comprehensive simulation model. Scenarios 

are established according to the order of importance of influencing factors and policy implications derived from past 
policy performance. In the simulation model, it is possible to provide not only future estimates of important factors, 
but also the predicted simulation results of the REC spot market in consideration of the characteristics such as 
renewable energy dissemination policies and changes in the electricity market and energy policy. Through this study, 
it is possible to analyze the impact of policy implications such as the renewable energy dissemination policies and 
RPS according to the scenarios. It is expected that the cause analysis will provide a basis for reflecting on the impact 
of new policies in the future. 
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Overview 
The use of renewable energy becomes essential for the economic and social progress of a country. The world faces 
two issues; finite reserves of nonrenewable energy and climate threats from conventional energy resources. Utilizing 
renewable energy resources is a solution to reduce energy costs and carbon dioxide emissions (CO2). Solar radiation 
in the Arabian Peninsula is a more affluent region compared to other regions. This fact helps to consider solar 
energy as an alternative energy source in the Kingdom of Saudi Arabia (KSA). Solar is a safe and sustainable 
resource and will create a solid potential to supply the industry field demands with sustainable and clean energy 
fully or partially. 
This study will explore the electrical and thermal energy demand of the 2nd Industrial City in Riyadh, Saudi Arabia. 
Surveys will be conducted to collect the necessary data related to energy consumption and CO2 emission in the 2nd 
Industrial City. Information related to available spaces in the 2nd industrial City to install needed renewable energy 
systems will also be collected. In this study, multiple factories from the 2nd Industrial City will be considered as 
case studies to obtain approximate results for the whole area. 
The cost-effectiveness of utilizing solar energy systems will be investigated. A comparison will be conducted of 
solar and conventional energy systems. The study will pave the way and encourage solar energy utilization instead 
of conventional energy resources in Saudi factories. The study also will provide recommendations for factories' 
owners regarding the appropriate solar systems and locations to install the optimum systems. 

Methods 
- Analyze the gathered information provided by different sources. 
- Propose methods of supplying the industries with their energy needs (PV / Thermal). 
- Calculate the saving cost from electricity or gas bills when installing solar applications in a large land next to a 
factory or factory roof upon the energy required. 
- Compare whether a complete or partial replacement of solar energy usage in the industries or chosen industries are 
viable. 
-Determine CO2 saving in the 2nd industrial area when replacing solar energy instead of conventional energy 
resources. 

Results 

The simulation is still under expertment and not yet finalized. However, there were previous studies which concluded 
results about solar radiation in Saudi Arabia.  A comprehensive study with three different scenarios were conducted 
by Almarshoud [using the RETScreen software. The author investigated a photovoltaic system's performance in 
measuring solar irradiance at 32 locations in several cities across Saudi Arabia. Three tracker configurations of the 
photovoltaic system were evaluated: fixed tilting angle, 1-axis tracker, and 2-axis tracker configurations. The author 
employed RETScreen software to simulate the energy productivity for the evaluated locations. According to the 
results, the northern area of Saudi Arabia - especially in Tabuk - showed a higher energy generation due to the lower 
climate temperature. The same phenomena were observed in the southerly portion of Saudi Arabia – specifically at 
Najran and Sharourah - due to the high solar irradiance during the year. The highest energy produced by Solar panels 
in the Kingdom was located in Najran city, which produced; 218.5 MWh, 291 MWh, and 300.5 MWh for fixed tilting 
angle 1-axis tracker 2-axis tracker, respectively. The obtained results show that the produced energy using the 1-axis 
tracker configuration is 28–30% higher than the fixed tilting angle. However, the difference in energy produced by 
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the configuration of the 1-axis tracker and the configuration of the 2-axis tracker is 3–4.5%. Hence, it was concluded 
that installing a 1-axis tracking system is the best choice for solar tracking in Saudi Arabia for economic reasons. 

Conclusions 
TBA 
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Overview 
Steelmaking process is considered extremely energy-intensive and carbon-dependent processes. Electric Arc 
Furnace (EAF) is the most electricity consumer in the whole process that counts for approximately 35% of the total 
required energy. In addition to its huge energy consumption, it was estimated that the emissions from global steel 
production represented 7–9% of direct emissions generated by fossil fuels. The use of solar energy to power such 
systems may save a large amount of electrical energy. This paper evaluates on grid integrated energy supply using a 
techno-economic analysis. The purpose of this paper is to exploit the results achieved in the analysis to develop 
viable recommendations in utilizing solar energy to power such extensive energy consumption equipment in 
steelmaking plant to establish tangible economic benefits from applying such technology. The results show that on 
grid solar thermal system is economically feasible with over 100 GWh electrical energy annual saving that resulted 
in a plant operating cost saving of $5 MM/year of 0.34 million ton/year of liquid steel production plant. Also, the 
system ensures a carbon emissions reduction of 15% and PBP of 8 years. 

Method 
In order to provide a consistent baseline for comparison with the traditional energizing process, Table 1 

shows the basis assumptions for the selected operation characteristics under analysis. This factory is selected to be 
located in Ras Alkhair industrial city, Saudi Arabia.  

 
Table 1: Case Study Main Operating Parameters 

Characteristic Description Unit 
Capacity 340000 Ton 

Power transformer 100 MVA 
The specific energy consumption           359 Kwh/ton 
Annual average of direct normal 

irradiance (DNI) 
        1900 Kwh/m2/year 

Technical Assessment Result 
 

The applied off-gas data for the process design (mass flow and temperature) are examine. The fluctuation 
in mass flow and temperature of the off-gas between melting and charging (0:18–0:22) are obvious. During melting 
temperature, peaks of 1400 °C  are reached. During charging the off-gas temperature decreases rapidly to 250 °C 
before the melting of the second scrap bucket starts (0:18–0:22). When the EAF lid is closed and the electric arc 
ignites the off-gas temperature increases dramatically again to 800 °C. As off-gas quenching is required in the 
reference plant off-gas waste heat will be just extracted at temperatures above 600  °C. About 600 °C is chosen to 
definitely ensure the mitigation of dioxin formation via de novo +synthesis. [13,14] Consequently, a waste heat 
extraction is potential to provide the system with its required energy in order to achieve the economical and 
environmental accomplishments. 

 
Payback Period Analysis 
 

The economic analysis results show that the PBP for the energy optimization system is 8 years, 
demonstrating that the system will result in great environmental protection as well as utilizing free sources of 
energy. Table 3 summarizes the cost of components, total investments, and annual saving for the system. The result 
illustrates that the PBP results is directly impacted by the changing of electricity rates. As the electricity rate 
increases, the PBPs decrease. 

Table 2: PBP at electricity rate of $0.048/kW h. 
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Parameter Rate Unit 
Inflation Rate 4% - 
Discount Rate  3% - 

Total Investment Cost 40,000,000 $ 
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Net Present Value Analysis  

 
The results from this analysis shows that the NPV for the system is $ 83,093,922 indicating that the system 

is feasible at the given electricity rate. The models demonstrate that the NPV becomes positive, indicating 
feasibility, at the electricity rate of $0.048/kW h. The analyses by both NPV and PBP methodologies show that the 
system is economically viable and environmentally friendly in the eastern province of Saudi Arabia.  

Conclusions 
The economic analyses using both PBP and NPV methods revealed that the solar thermal electric arc 

furnace and energy optimization system is economically feasible and environmentally friendly for steel industry. 
Moreover, the technical analysis reveals that the wasted heat and the solar thermal energy is sufficient to power the 
whole system. The eastern province of Saudi Arabia where most of the factories are located will benefit by applying 
such system in different highly temperature-based industries. However, the analytical results show that the energy 
optimization system is feasible and economically viable. The (PBP) for the system is 8 years. Furthermore, A solar-
assisted integrated energy optimization system for EAF steelmaking was presented. Main process aspects are 
discussed using solar thermal energy, off gas data of steelmaking plant with a usable waste heat potential of 14.7 
MWth. The system will achieve 100 GWh electrical energy saving annually and 15% reduction in estimated carbon 
emissions. Moreover, the system ensures 24 hours operation without interruption, full operation during maintenance 
times and Control automation system for energy supply management.  
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Overview 
Solar photovoltaic (PV) is growing at an extraordinary rate which brought the global total to approximately 942 GW 
by the end of 2021. Though, one of the barriers in solar power development is the inconsistency and variability of 
solar irradiation which can be geographically dissimilar from one site to another. To select a site for such an 
installation, certain aspects must be investigated, such as how good the PV power plant location is, and how to 
minimize the total cost of the project concerning proximity to existing infrastructures while maximizing power output 
from the solar panels. Site selection for the utility-scale photovoltaic (PV) solar farm is a critical issue due to its direct 
impact on the power performance, economic, environmental, social aspects, and existing as well as future 
infrastructures. Saudi Arabia has a high solar irradiation and is targeting to diversify the energy mix used in electricity 
generation by deploying more solar PV across the country and increase the share of renewable energy and natural gas 
to around 50% by 2030. The primary goal of this research is to evaluate and select the best location for utility-scale 
solar PV projects using geographical information systems (GIS) and a multi-criteria decision-making (MCDM) 
technique in Saudi Arabia. 

Methods 
Given the fact that several criteria can influence the solar PV site selection, applying multiple criteria decision-making 
(MCDM) methods can help facilitate site selection for utility-scale grid-connected PV solar energy. MCDM methods 
have been successfully applied in many energy-planning projects. In recent years, the Geographical Information 
System (GIS) has become increasingly popular for various site selection studies, particularly for energy planning. 
Screening possible sites for PV projects is a prime strategic process as suggested by several studies and strategic 
organizations such as the National Renewable Energy Laboratory (NREL). The model considers different aspects, 
such as economic and technical factors, with the goal of assuring maximum power achievement while minimizing 
project cost. An analytical hierarchy process (AHP) is applied to weigh the criteria and compute a land suitability 
index (LSI) to evaluate potential sites.  

Results 
Real climatology and legislation data, such as roads, mountains, and protected areas, are utilized in the model. The 
solar analyst tool in ArcGIS software is employed to calculate the solar insolation across the entire study area using 
actual atmospheric parameters. The air temperature map was created from real dispersed monitoring sensors across 
Saudi Arabia using interpolation. The overlaid result map showed that 16% (300,000 km2) of the study area is 
promising and suitable for deploying utility-size PV power plants while the most suitable areas to be in the north and 
northwest of the Saudi Arabia. It has been found that suitable lands are following the pattern of the approximate 
range of the proximity to main roads, transmission lines, and urban cities. More than 80% of the suitable areas had a 
moderate to high LSI. 

Conclusions 
This research offers a high-level overview of the potential of site suitability of utility-scale PV technology in the 
study area based on integration of the geographical information system and multi-criteria decision-making tool. The 
AHP technique is used to evaluate the importance of each decision criterion in selecting the best site for utility scale 
solar PV power plants. Our study for Saudi Arabia case indicates that most suitable areas are found north and 
northwest of the study area as well as west of Taif city near the west coast. High suitability areas comprise 50% of 
the suitability areas and are mainly spread around the central region. This location will be important to consider for 
grid connected utility-scale PV power plants since it is one of the most populated areas in Saudi Arabia. The eastern 
region of the study area shows moderate to high LSIs since it has a decent infrastructure together with the high 
density of high solar irradiation.�

                                                                   

OPTIMAL SITE SELECTION FOR A SOLAR PV PLANTS IN SAUDI ARABIA 
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Overview 
The global overpopulation, fast urbanization, and large use of fossil fuels-based centralized power plants are the 
main sources of carbon emissions and temperature rise in cities [1]. Due to the rising demand for energy services in 
residential buildings for lighting, appliances, cooking, and heating, it share 17% of the global energy-related CO2 
emissions by sector in 2020 [2]. Besides, the global transport sector was responsible for 23% of CO2 emissions in 
the same year. This alarming situation urged utilities and policymakers, to establish alternative solutions for climate 
change mitigation through the employment of renewable generation sources, energy efficiency measures, and 
electric vehicles [3],[4]. This is to enforce environmental preservation and eradicate the people's concerns about the 
energy crisis. Today, integrated hybrid energy systems (iHESs) have gained traction as a viable solution for mixing 
renewable (e.g., solar photovoltaic (PV) and wind turbine (WT)), and non-renewable (e.g., diesel generator, 
combined heat and power (CHP) microturbine) distributed generation sources [5]. iHESs could offer a path for 
affordable and sustainable energy as well as fulfill the desire for a reliable and resilient supply of the building sector 
[6]. On the other side, the ongoing technological innovations and the growing adoption of information, and 
communication infrastructures have rapidly increased the active participation of energy customers under demand 
response program (DRP) [14]. DRP, as one of the approaches to implement demand-side management, allows for a 
better interaction mechanism and balances supply and demand by incentivizing and benefiting customers to shift or 
curtail their consumption during on-peak hours according to contractual obligations with the grid operator [15]. This 
can stretch the capacity and reliability of the grid during most stressed periods and manage the intermittency of 
renewable resources, reduce the electricity cost and emission rate [16]. Different studies have been presented in the 
literature on the modeling of DRP techniques and objectives including time-based DRP, and incentive-based DRP in 
the context of the hybrid energy system as recently reviewed in detail by Imani et al.[17] and Ibrahim et al.[18]. 

Methods 
This paper proposes a methodology for optimal design and scheduling of a hybrid grid-connected iHES 

comprising roof-top PV, CHP microturbine, boiler and inverter considering private/shared EV charging stations, 
incentive-based DR program, and net metering mechanism (NEM). Different alternatives for system configuration 
are optimized and analyzed in terms of cost, emission, and resiliency metrics. A representative case study of a multi-
residential complex building with electrical and thermal loads, located in Al-Mostakbal city, New Cairo (Egypt) is 
applied to validate the established methodology. The research method framework has two main stages. The first 
stage includes walkthrough data analysis to assess the site solar resource, fuel availability, electricity and heat 
consumption profiles of the building, specification and charging pattern of EVs, cost and technical data of PV and 
CHP, and grid parameters. The second stage involves the methodology approach adopted for the design optimization 
of the proposed iHES. The second stage is accomplished with the aid of HelioScope and HOMER GRID tools. 
Using HelioScope, the 3D model of building geometry including orientation, height, roof dimensions, slope, parapet 
walls, and other structural/ services obstacles is created and then the number and arrangements of PV modules as 
well as the inter-row distance are optimized. After that HOMER GRID is used as a reliable platform for modeling 
and optimization of the proposed iHES. In this stage, models of the system’s elements including PV, CHP, EV, grid, 
boiler, inverter, and DRP are established. Then, the peak demand limits and the component sizes are optimized, to 
find the least-cost system under the so-called peak shaving approach. Furthermore, under the adopted incentive-
DRPs for summer and winter seasons, in which customers voluntarily curtail their consumption during specific 
conservation periods (DRP events) in response to a financial signal from the grid operator, the algorithm optimizes 
demand reduction bid during each DRP event to maximize the revenue. The adopted dispatch strategy features the 
ability two days look-ahead to know the electric demand, PV production, and grid tariff for each time step in the 
future to avoid any capacity shortage whenever possible. Once all feasible systems are investigated, the system with 
the least net present cost (NPC) and levelized cost of energy (LCOE) is nominated as the winning design. 

Results 
In this paper, the results are analyzed and discussed from the perspective of three scenarios, including (i) 

Scenario 1 (base): iHES with Grid/Boiler only,  in which the grid is responsible for maintaining the electricity 
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demand of the building apartments and EV charging demand, while the boiler is the source of the thermal power for 
water and space heating of the building apartments, (ii) Scenario 2: iHES with Grid/PV/CHP/Inverter/Boiler without 
DRP, (iii) Scenario 3: iHES with Grid/PV/CHP/Inverter/Boiler with DRP. Fig.1 shows the demand profiles for the 
different load types of the complex building under study. Based on the findings of the HelioScope, the maximum 
allowable capacity of the roof-top PV array is found 86.9 kW and consists of 161 fixed tilt modules of JKM540M-
72HL4-TV type, with each having a rated power of 530W and efficiency of 20.94%. Fig. 2 shows the mounting and 
arrangement of the PV modules for the complex building under study. For design optimization of the proposed 
iHES, Table 1 summarizes the component sizes, cost, emission, and technical performance results for the three 
studied scenarios. The results show that the full utilization of the building roof with maximum PV capacity and 
adoption of the DRP incentives for both summer and winter seasons reduces the electricity import from the grid and 
encouraged the use of the on-site generation CHP microturbine. The optimal design with 86.9 kW PV, 100 CHP, 
and 100 kW inverter is of superior performance with the least NPC (476,878 $) and LCOE ($0.0513 $/kWh), and 
considerable bill savings (28,248 $/yr) when compared to the other two scenarios as shown in Table1. The winning 
alternative also comes with a significant reduction in CO2 emission of 312092 kg/yr (21% less than the base 
scenario) and zero unmet electrical, thermal, and charging demands despite the grid outages. 

Table 1 Results of optimized configurations with the studied iHES scenarios 

iHES  

Optimal size EV results 
Peak demand 

(missed session) 

Grid results 
NPC LCOE Unmet 

demand  
CO2 

emission  PV CHP Inverter Boiler 
production 

Energy  
purchased 

Energy  
sold 

Peak  
load 

Energy 
charge  

DRP 
revenue 

bill  
saving 

kW kW kW kWh/yr kW (session/day) kWh/yr - kW $/yr $/yr $/yr $ $/kWh kWh/yr Kg/yr 
#1 - - - 134,320 83.2 (0.2) 573,242  181 39,662 - - 610,005 0.0692 299 393,346 

#2 86.9 - 100 134,320 83.2 (0.2) 443,098 19,657 181 29,522 - 10,140 540,988 0.0590 236 311,095 

#3 86.9 100 100 110,744 0.2 277,719 19,668 169 $18,079 $6,665 28,248 474,172 0.0513 0 310,092 

 

  
Fig. 1 Annual load profile for electrical, thermal, and EV demands Fig. 2 The designed roof-top PV system 

 

  

Fig. 3. Illustration of energy scheduling under incentive DRP in case of optimal design (scenario#3) (a) Sumer event 
on 10th September (b) Winter event on 28th April 

Conclusions 
The proposed method for design and scheduling of iHES shows that hybrid utilization of roof-top solar PV and CHP 
showed evidence of being promising contributors to cost savings and decarbonized energy supply for complex 
buildings equipped with electrical, thermal, and EV charging demands. The implementation of incentive-based 
DRP, as well as NMM, allows for exploit of demand flexibility and on-site generation sources to minimize the grid 
bill and supply resiliency despite the intermittent nature of solar resources. The optimized iHES based on 
PV/CHP/grid has reduced the system NPC, LCOE, and CO2 by around 22%, 26%, and 27% compared to the base 
scenario with grid/boiler and by 14%, 15%, and 0.3% compared to the second scenario with PV/grid/boiler, 
respectively. Also, the winning system can boost customer satisfaction and provide redundancy of reliable, even 
power during power outages. 

Building electricity demand = 1114 kWh/day & Building thermal demand = 368 kWh/day  

EV charging demand = 535 kWh/day 

Event duration: 3 hours 
Demand incentive: 10 $/kW 
Optimized DRP bid: 100 kW 

DRP revenue: 1000 $ 
(a) 

(b) 

Event duration: 3 hours 
Demand incentive: 10 $/kW 
Optimized DRP bid: 100 kW 

DRP revenue: 1000 $ 
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Abstract 
 
Hydrogen has the potential to be a powerful enabler of the Global Energy Transition, as it offers a clean, sustainab
and flexible option for overcoming multiple obstacles  that  stand  in the way of a resilient and  low-carb
economy, in addition to significant promise to help meet global energy demand while contributing to climate act
goals. 
 
The demand for  hydrogen  reached an estimated  87 million metric tons (MT) in 2020, and  is expected  to grow
500–680 million MT by 2050.  From 2020  to 2021, the hydrogen  production  market was valued at $130 bill
and is estimated  to grow up to 9.2% per year through 2030. But  there’s a catch: over  95% of current hydrog
production  is fossil-fuel based, very little of  it is “green”. Today, 6% of  global natural  gas and 2% of  global c
go into hydrogen  production. 
 
Nevertheless, green hydrogen  production  technologies are seeing a renewed wave of  interest. This is because 
possible uses for hydrogen are expanding across  multiple sectors including power generation, manufactur
processes in industries such as steelmaking and cement production, fuel cells for electric vehicles, heavy transp
such as shipping, green ammonia production for fertilizers, cleaning products, refrigeration, and electricity g
stabilization. 
 
The global hydrogen  market is picking up speed and for good reason. Hydrogen will play an important role as
energy carrier, which enables the transfer of energy from areas where renewables such as wind and solar  
abundantly available and with low cost to another. 
 
In this paper  we explore the role of hydrogen in the energy transition, including its potential in different secto
recent achievements, and challenges to its deployment. We also show the Egyptian potential for Hydrogen in 
region and  how can it will be one of the hydrogen  market leaders . 

 

The role of hydrogen in a 1.5°C scenario 
 
A sustainable energy system based on renewables will massively change the political structures of the wor
Something that may be good for the global climate, and could  lead to serious geopolitical upheavals and help
decarconization of  the global economy . The report of IRENA 2022a  show that a combination of  renewables in 
electricity system, electrification of end-use and energy efficiency. In the 1.5°C scenario of the World Ener
Transitions are expected  to achieve 70% of  the carbon dioxide (CO2) reduction towards 2050. 
 
Hydrogen is expected to satisfy 12% of final energy demand and contribute to a reduction of 10% of the total C
emissions in this 1.5°C scenario, which together with carbon capture and storage (CCS) and  negative emiss
technologies paves the way for achieving a net-zero emissions energy system. 
 
In a decarbonised energy system, as  new applications become necessary, the total hydrogen production is expec
to expand by almost five times, to 614 MtH2/year, to satisfy 12% of the final energy demand by 2050 in a 1.5
scenario. This is driven by growth in the industrial and transportation sectors, where hydrogen mitigates close
12% and 26% of the CO2 emissions, respectively . To achieve this growth, focus on hydrogen should be broaden

h d d i i h i h l d h i f l hi h i

                                                                  

GREEN HYDROGEN: A KEY POWER FOR THE ENERGY TRANSITION 

Egypt National Strategy of Hydrogen 
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transformation also takes place on  the supply side, where the production  shifts from being fossil-based to reach 
two-thirds being generated with renewable electricity (green hydrogen) and one-third from fossil fuels with CCS 
(blue hydrogen), another emerging  pathway is methane pyrolysis (turquoise hydrogen) 
 
 

Hydrogen Global Trade 

The potential opportunities for global trade are driven in part by the cost differential over time between domestic 
production and imports. Each of these components can be further broken down into their fundamental drivers. Two 
of the key drivers are how the CAPEX and weighted average cost of capital (WACC) evolve over time. 

The analysis  is based on variable renewable energy technologies: solar PV, onshore wind and offshore wind. These 
technologies have experienced a 55-85% decrease in costs over the last decade, and their global capacity will 
increase by at least an order of  magnitude in a 1.5°C scenario. 
 
 

Conclusion 

According to IRENA analysis , For large-scale hydrogen production and trade to be a viable component of the 1.5°C 
scenario, the electricity used to produce the hydrogen must not detract from the availability of electricity for other 
essential and more effective uses – it must be additional. This places the upscaling and acceleration of renewable 
energy generation at the heart of the transition to green hydrogen. The production of renewable energy needs to at 
least triple from today’s 290 gigawatts (GW) per year to more than 1 terawatt (TW) per year by the mid-2030s. Over 
10 000 GW of wind and solar power would be needed by 2050, just for green hydrogen production and trade. 

Egypt planning to become one of the key factors for the hydrogen market aiming to have around 5% of the global 
hydrogen market , with more than 8 projects under development . 
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Overview 
A significant share of electricity from renewable resources has been mandatory to reduce greenhouse gas 

emissions released from burning fossil fuels, and to de-carbonize the electricity sector. With the evolution of smart 
grids and microgrids, effective and efficient penetration of renewable generation such as wind and solar can possibly 
be attained. The concept of Microgrids has been introduced in the distribution network to obtain a reliable and stable 
use of distributed energy resources (DERs), and distinguish between a large power network and a group of DERs 
located next to each other, which can be seen as a single generator or loads. A microgrid can be defined as a self-
sufficient energy system that includes one or more kinds of DERs (solar panels, wind turbines, combined heat & 
power, generators) to produce power and serves a discrete geographic footprint, such as a university campus. 

The Kingdom of Saudi Arabia recognizes the importance of diversified energy mix to its long-term economic 
prosperity. The Ministry of Energy, through the National Renewable Energy Program, has therefore pledged a 
commitment to the deployment of renewable energy to meet electricity demand growth. On the other hand, the 
electricity sector in the Kingdom of Saudi Arabia is one of the largest in the Arab Gulf region, and its peak demand 
increased from 35 GW in 2007 to 61.7 GW in 2018, with an average 5.31% annual increase in demand between 2007- 
2018. In order to advance and improve energy efficiency services in the Kingdom and to tackle rising energy 
consumptions in existing buildings and facilities, the National Energy Services Company (Tarshid) was recently 
established by the Public Investment Fund. It is a result of a collaborative effort between the Ministry of Energy, 
Ministry of Finance and the Saudi Energy Efficiency Centre, for creating robust energy efficiency solutions in the 
Kingdom. Tarshid has set ambitious targets for implementing energy efficiency projects in buildings and facilities 
across the Kingdom. For instance, it has launched a retrofit project to increase the energy efficiency and reduce the 
consumption in the buildings of Imam Mohammad ibn Saud Islamic University (IMSIU) in Riyadh, with an estimated 
annual reduction of !�% in a targeted annual energy consumption of 229 GWh. 

The IMSIU main campus consists of 255 buildings in Riyadh, and that consumes an annual energy of 414 GWh. 
Such energy consumptions annually account to about ��� thousand tons of greenhouse gas emissions released from 
burning fossil fuels. Indeed, there is a need to create a sustainable and energy efficient campus buildings by relying 
on renewable energy systems as a main source of power, such as a hybrid solar energy system (HSES), in supplying 
the campus’ electricity needs. This will make the university campus more in line with Saudi Vision 2030 in energy 
and sustainability by having energy conservations and increasing the contribution of renewable energy to the overall 
energy. Nevertheless, an annual demand of the campus is about 48 MW, and that requires an installation of a very 
large capacity of the HSES, leading to a high financial burden and large installation area. It is therefore essential to 
reduce the energy consumption of the campus buildings through improvement of the buildings energy efficiency, by 
retrofitting the building components, which is identified as the most promising in synergy with hybrid solar energy 
systems. This is because building renovation allows reducing both the required installed solar energy system and 
storage capacity used in supplying campus loads. This paper presents the development of an energy management 
model which considers the features of campus microgrid for the IMSIU, including interrelationships between various 
entities such as a rooftop photovoltaic (PV) generation, battery energy storage system (BESS), demand response and 
the utility.  The model also considers the retrofit project implemented by Tarshid at IMSIU, for increasing energy 
efficiency and reducing the energy consumptions in the IMSIU buildings. The primary objective of this paper is to 
investigate to what extent the building retrofit can maximize building energy efficiency while reducing the installed 
capacity of a HSES and the total cost of a campus microgrid for the IMSIU.   

Methods 
A mathematical optimization model is developed for optimal design and planning of a campus microgrid for the 

IMSIU. The developed model that includes a rooftop photovoltaic (PV) generation, battery energy storage system, 
and demand response capabilities can be used to analyze the effects of buildings retrofit on the campus loads as well 
as the installed capacity of the HSES for a campus microgrid. Moreover, this model investigates the impact of 
increasing energy efficiency on the level of penetration of renewable generation in campus microgrid. 
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The objective function is to minimize the total cost (TC) of the campus microgrid using its local generation 
resources and importing /exporting power from /to the distribution grid.  

AJ� � AA ��jAU!1G+klmm 
 ��nA�!1G+klmm 
 ��noA�!1G+no 
�p��qr s ��tu�vw
�cx
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The first three terms of (1) are associated with the capital cost of installed capacity of the HSES, while the last two 
terms of (1) are the cost for importing and exporting power from/to the distribution grid, respectively.  
  
Energy Management Equation of Campus Microgrid: This constraint ensures that the total generation meets the 
forecasted campus load of period h, and includes PV generation, BESS, power import and export from/ to the 
distribution grid. 
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    In order not to receive and send power from/to the main grid at the same hour h, the following constraint is included 
into the model.  

AAAAAAAAAAAAAAAAAAAAAAAAAAAA��qreAA��jy � ADAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<~? 
 
HSES Equations: The HSES should satisfy the following constraints: 
Discharge/ charging power limits:                           ��v�m} � �!1G+klmmAAAAd AAAAAA��}� � �!1G+klmm                                 (4)        
State of charge equation:                         �<� 
 z? � �<�? N /� � ��v�m}��v A
 A/� � ��}��}AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<�) 
Initial/Ending limits:  AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�<D? � De�AU!1G+klmmAAAAAAAAd AAAAAAAA�<Y? � De�AU!1G+klmm                              (6) 
Stored Energy limits: AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�r�g � A�<�? � AU!1G+klmmAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<�? 
Coordination of Charging/discharging power:                         ��v�m}AeAA��}� � DAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA<�? 
  
The above proposed mathematical optimization model is a nonlinear programming problem, and solved using the 
MINOS solver in General Algebraic Modeling System environment. 

Expected Results 
Business models for microgrids rely on many factors, such as energy cost savings, improved reliability, and the 

amenity value of self-supply. The focus of our work on economic costs and benefits of self-supply which are the core 
of any commercial proposition. In this paper, we will model the business case for local energy provision, in which a 
Saudi university adopts a microgrid to self-generate electricity partially or fully to supply its own load and possibly 
provide energy to the main grid. This business case also seeks to address whether there is a need for incentives to 
motivate the university in transforming its campus to the microgrid that includes renewable energy, demand response 
capabilities, energy storage systems, and/or electric vehicles smart charging, so that the energy sector will be in line 
with the general objective of Saudi Vision 2030, which aims to diversify the Saudi economy away from oil. The 
expected results of the proposed research are summarized as follows: 1) Prior to the implementation of a campus 
microgrid for a Saudi university, several studies and analysis will be carried out to estimate and forecast the load 
profiles, identify a suitable network configuration, and selecting proper generation and storage units for a campus 
microgrid. 2) an investment support tool will be built for assessing business models in determining whether it is 
beneficial for the Saudi university to transform its campus to a microgrid. 

Conclusions 
Energy efficiency initiatives implemented by Tarshid in the KSA is a key factor in transforming a university 

campus to a microgrid, that offers a Saudi university a way to keep critical electricity flowing during power outages, 
increase use of renewable energy, and better optimize energy supplies and campus loads. It can also be used as an 
educational and sustainability awareness tool, connecting technology to students and community. On the other hand, 
pairing energy storage, renewable energy, and advanced controls, in the context of a smart building, creates 
possibilities to better manage building energy use, save money and generate income while supporting the grid. The 
expected research outcomes are in the line with the National Industrial Development and Logistics Program that aims 
at increasing the share of the renewable energy sector in local consumptions, improving the competitiveness of the 
electricity sector through restructuring and exploring power exportation opportunities, and enhancing power supplies 
and prices. The university campus microgrid includes self-sustaining electricity infrastructure, an intelligent 
distribution system and system controllers, onsite electricity production, demand-response capability, and sustainable 
energy systems. The adoption of campus microgrids will make the energy sector in line with the general objective of 
Saudi Vision 2030, that aims to diversify the Saudi economy away from oil.  
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Overview 
In many African rural areas, villages are far from the central grid [1]. The access to electricity is made 

essentially by Diesel Gen. It could be a competitive option but regarding environmental aspects, the high carbon 
dioxide emissions led to a considerable environmental cost. Thus, minigrids composed from renewable resources are 
promising solutions and could be cheaper than Diesel Gen especially in sunny areas [2]. The challenge is to store 
energy for nights and cloudy days from overproduction of solar energy to guarantee the demand of electricity. 
Batteries are the most used technologies for storage, but it is not efficient for long storage duration. Thus, hydrogen 
could be a more reliable solution. Green Hydrogen is produced from Renewable Energy Sources (RES) and water 
through electrolyser whilst a fuel cell realizes the reverse process and produces electric power when needed. 

Solid Oxide Cells (SoC) know an increasing industrial interest. Thanks to its high operating temperature (650 – 
1000 °C), SOC have the highest efficiency between 88% and 96% for electrolysis mode and 56% for fuel cell mode 
[3].  

In the present study, a techno-economic comparison between hybrid solutions based on Photovoltaic energy 
(PV) is made. The objective is to remove the use of Diesel fuel to power the total load of a hospital in Nigeria and 
guarantee the feeding.  Beside batteries, Solid Oxide Cells (SoC) are evaluated to store the energy from PV in the 
form of Hydrogen (Electrolysis unit) and reversed it into electricity (Fuel cell unit) when needed. This paper shows 
the potential contribution of PV/SoC with a long-term hydrogen storage in areas with seasonality. 

Methods 
The clinic is located in the region of Maiduguri. The Global Horizontal Irradiance (GHI) is about 2264 kWh/m² 

per year, which leads to a high photovoltaic power potential around 1753 kWh/kWp per year. However, the weather 
in Nigeria is changing from region to another and from season to another. In Maiduguri, located in the Northeast, the 
rainy season in the country occurs from March to September with prolonged rains from May to August. The dry 
season takes part on the remaining months of the year. 

       To get closer to the reality of the climate of the studied area, a Typical Meteorological Year is considered. It is a 
set of meteorological data (like GHI) with values for each hour in a year for a determinate geographical location. 
The data is extracted in a longer period (10 years or more). In this case it is from 2006 to 2017. 

        The study uses a simplified approach based on hourly load for one day repeated for each day along the whole 
year. The total day load is equal to 379.15 kWh. Four systems are compared. The reference scenario consists in the 
exclusive use of Diesel fuel followed by PV/Battery, PV/Hydrogen and PV/Battery/Hydrogen. The software 
Calliope ensures the design optimization and power dispatch to satisfy the full load profile. 
The Key parameters indicators are the initial investment, the levelized cost of energy and the PV savings. 
 
Results 
 

When only diesel Genset is employed, the variation of Diesel price has a direct impact on the cost of electricity. 
For instance, the levelized cost of electricity, for the present case study, vary respectively from 0.15 $/kWh to nearly 
0.4 $/kWh when the diesel price moves from 0.5 $/L to 1 $/L. This shows how far the diesel could be an 
economically bad solution due to its fluctuation. For instance, in September 2022, due to the Ukrainian crisis, the 
diesel price reached 1.77 $/L. 

The initial investment of the system PV/Battery is respectively 20% more expensive than PV/Battery/Hydrogen 
(Figure) because the system PV/Battery cannot store energy for a long-term and must be oversized to satisfy the 
load demand in cloudy days. For the system PV/Hydrogen, the storage of hydrogen is uncoupled to the unit that 
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produces it and the storage component is less expensive than Li-ion battery and could serve anytime when needed.  
However, the highness price of the solid oxide fuel cell (4630$/kW) increase the total initial investment. This 
technology is still under development and its price will probably decrease in the next years. So, with hydrogen, it is 
possible to store the whole overproduction of the primary source and use it for nights and in rainy days but still need 
to be more competitive. 

On the other hand, the combination of battery and hydrogen is an effective way to fully satisfy the load with the 
cheapest initial investment. In this configuration th e battery storage is used for the daily loading/unloading cycles 
and hydrogen comes as a seasonal storage back-up when the primary source is insufficient, and the battery is 
unloaded even for few days. 

In terms of LCOE, the system PV/Battery/Hydrogen has the lowest value (0.28 $/kWh) where for the system 
PV/Battery the LCOE equals to 0.34 $/kWh. PV/Battery/Hydrogen has a better management of PV energy that leads 
to reduce its lost, raise the PV savings and optimize the design of the PV. In the other side, the highest LCOE comes 
from the Diesel Genset (0.39$/kWh) essentially due to the price of diesel fuel.  

 
Figure: Variation of the initial investment and LCOE according to studied scenarios 

Conclusions 
The present case study demonstrates the add value of hydrogen for microgrid to ensure a continuum feeding of 

electricity in regions that are far from the grid for desert regions such as north Nigeria. The solid oxide cells (SoC) 
technologies bring to the PV system or PV/Battery system an assurance of a long-term storage and allows a better 
managing of the PV energy produced. The results also show that adding the hydrogen vector allows an alternative 
net CO2 emission to the current diesel genset powered microgrid over the operating life of the project.  
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Overview 
The demand for high-energy storage devices has exponentially increased globally. Saudi Arabia which covers 

almost 1/3rd of the Arabian Peninsula, a vast open land, has abundant natural renewable energy resources. With the 
diversification of its economy and a shift toward clean energy sources, there is a sharp increase in demand for high-
energy storage.  All-solid-state lithium metal batteries (SLMBs) provide immense potential as a solution to this 
pressing demand.  The material that is key in the development of high-performance batteries as well as providing 
long-term cycling permanency is the solid-state electrolyte; an ionic conductor and electron-insulating material.  In 
order to achieve both high performance and increased lifetime, ceramic filler was employed for synthesizing a solid 
composite polymer (CPE).  This process produces a stable interfacial layer between the polymer solid electrolyte and 
lithium anode, which prevents the formation of lithium whiskers. The galvanostatic lithium plating and stripping 
results revealed a stable interface between CPE and lithium metal for 375 h. The SLMBs show excellent performant 
for 200 cycles.   

Methods 

For the synthesis of polymer-based solid electrolyte, Lithium bis(fluorosulfonyl)imide (LiTFSI), and ceramic filler 
were dispersed together in Acetonitrile (ACN) solvent. A homogeneous solution was magnetic stirred at 1000 rpm 
for 24 h to get a mixture of LiTFSI and filler. Then polyethylene oxide (PEO) was slowly inserted into this mixture 
solution followed by stirring at room temperature. Furthermore, the solvent was added more and ball-milled for 48 
h. The composite solution was used for the synthesis of CPEs by pouring the solution into a Teflon petri dish. It was 
dried ����������������}�������������������������Ä�������������\�����\������������������������Ç������!�������������
a polymer membrane. The full cells were constructed using LiFePO4 (LFP)-based cathode and lithium metal anode. 
The electrochemical characterizatio�\���������������������Ç������\È�������������\��Ä��Ä������É�^�-CPE|Li] was 
used for lithium plating and stripping (GLPS), whereas, the full cell was evaluated using structure [LFP|YNa-
CPE|Li].    

Results 
The GLPS profiles are illustrated in Fig. 1. The control polymer electrolyte (without filler) showed lower 

compatibility with the lithium metal than CPE. The overpotential of the control electrolyte was higher than the 
overpotential of the CPE, indicating CPE has better compatibility with the lithium metal. The control electrolyte was 
stable up to 350 h, however, CPE was stable for more than 375 h (testing is still in progress). The Li dendrites growth 
was significantly reduced by CPE (Fig. 2) [1, 2]. 
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Fig. 1. Galvanostatic lithium plating and stripping profiles for control (black color) and composite polymer solid-
state electrolyte (blue color). 

 

Fig. 2. Schematic for prevention of the lithium dendrites formation. 

 

Conclusions 

A novel technique was adopted to synthesize a composite polymer-based solid-state electrolyte. This electrolyte 
improves the performance and stability of the all-solid-\����������Ä����������������\�����������������Ä��\����Ç���
This technology has great potential to be localized in harsh environmental conditions. 
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Overview 
Although high penetration of Renewable Energy resources (RESs) reduces negative impacts on environment, 
therefore reducing global warming compared to traditional fossil fuel-based power generation, control issues 
become more complicated where the system inertia is significantly decreased as result the absence of conventional 
synchronous generators[1].The appropriate control of the power electronic converters linked to the RESs is 
important to guarantee the power system stable operation during the transients, any disturbances, and AC system 
parameter variations. according grid code requirements, renewable energy sources have to stay connected during 
system faults and after clearing the faults. Thus, enhancement of fault ride through (FRT) capability of renewable 
energy conversion system becomes necessary. various methods have been presented in the literature to improve the 
FRT capability of wind energy systems connected to the grids. There are many challenges in the case of huge 
concentrated penetration of wind parks to high voltage transmission systems, which required developing stricter grid 
code requirements. One amongst these requirements is fault ride through (FRT), where has become the main 
dominant grid integration requirement for the wind energy system over world. Until last few years, wind parks 
generators have been designed to disconnect from the network in case of instantaneous voltage dips to protect the 
wind turbine plants until the grid restores its stability state[2, 3].With high integration of wind energy in closely 
interconnected networks, this response can drive to cascading collapse for the whole power system. the electric 
power system subjects to lots of operational and control challenges which obstruct its reliability and stability 
operation, as result of the integration of wind energy.The capability of FRT increases the stability of the grid and 
minimize generation shortage after the clearance of fault. Each network has its own grid codes depending on the 
state of each network. The aim of these rules is to enhance and stabilize wind turbine behavior, reduce the amounts 
of wind power to be lost following system disturbances and supply the wind power parks with operational 
characteristics analogue to those of the traditional power plants[4].To boost the fault ride-through (FRT) criteria of 
the doubly-fed induction generators (DFIGs) based wind turbines (WTs) during transient-state, an overview of 
various methodologies used have been presented in[5]. This paper displays studying the impact of the integration of 
large-scale wind parks and develop FRT requirements according to the characteristics of the power system under 
study for generators wishing to be integrated to this system.Coordination between wind farms and transmission lines 
protection schemes will be studied along with the co-influence of fault ride through capability on protective relay. 
Recommendations on the coordination between FRT and the under-voltage protection have been presented. 

Methods 
Understanding the characteristics of the transmission system is the first consideration to formulate a FRT criterion 
convenient with this system. In this case study,different scenarios of three-phase faults on the high voltage 
transmission network at various locations have been represented,Dynamic studies with special care on modeling 
Egypt Case have been done where this case study distinct that wind penetration is high in specific areas and at the 
same time no conventional generation exists in that place, and more, the wind parks connected with a long 
transmission line to the load Centre. Detailed aggregated modeling for wind parks having various generators 
technologies has been done along with studying different types of faults. Coordination between wind parks and 
transmission lines protection schemes will be studied along with the co-influence of fault ride through capability on 
protective relay using proper software (DIgSILENT® Power Factory) to realize the objective of this research. 
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Results 
The consequent fault current from each generator and voltage profiles of bus-bars under study at each scenario have 
been recorded. Finally, from figures showed below which show different voltage profiles could be integrated with 
each other to obtain the single final voltage duration profile compatible with the case under study. The main aim of 
this study is to formulate a fault ride-through (FRT) that is convenient with the characteristics of the system. Also 
the impacts on different protection schemes due to the integration of large-scale wind parks to power system have 
beenpresented.

 

This curves are a part of the results 
Conclusions 
Owing to the increasing integration of wind energy to the power system, reducing the outages of considerable large 
wind parks is very necessary to keep the reliability and the stability of the entire electrical power system as much as 
possible. Therefore, providing wind parks with a proper Fault Ride Through (FRT) appropriate to the characteristics 
of the system, their contingencies and protection system schemes is extremely important. This paper studied the 
influence of the integration of large wind parks and formulated FRT criteria for all generations wanting to be 
integrated to the high voltage transmission grid through dynamic study with special care on modeling Egypt Case. 
The Results of case studies that obtained have been used to analyze the voltage responses at different buses to get 
the final voltage profile appropriate to the characteristics of the network under study and its contingencies. Also, the 
paper proved that should be revision the grid code taking into consideration fully utilization of Fault Ride Through 
characteristics within DFIG and assuring full integration between this characteristics and protection settings so a 
revision should be done for the grid code. 
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Overview 
Environmental concerns have led the world to reconsider the energy sector. Shifting to renewable energy sources has 
become a necessity giving the new international treaties, regional regulations and local policies. However, in terms 
of regulating, the current regulatory strategies covering the transition from traditional energy to renewable energy 
shows great limitations. Indeed, 2030 vision’s initiatives of Saudi Arabia could be seen as a step towards an efferent  
energy regulation strategy. However, regulating this transition comes with various challenges, such as, the lack of 
integrated legislation, having few research facilities concerning energy regulation or a solid energy regulation 
theory. On the other hand, renewables has higher initial costs, smaller revenue stream, and inefficiency, in that sense, 
here comes another challenges relating to encouraging investments in renewable giving to the risks involved in  To 
that end, this paper Firstly discussed the rationale behind regulation the sector, main theories in Energy Law. 
Secondly, it come across the vision of Saudi Arabia and its initiatives regarding the transition, and finally, analysing 
the gaps in energy regulation. 

Methods 
The paper employs a doctrinal approach to analyse regulations regarding energy sector.  

Results 
The paper has found that Regulation strategies concerning energy have to be evolving side by side to the 
international, national and local economic, environmental, financial, and social perspectives. Moreover, renewable 
energy impose various risks and challenges that need to be tackled. Finally, energy regulation regarding the 
transition shows great limitations in tackling the challenges.  

Conclusions 
While moving towards cleaner energy sector numerous and obvious regulatory challenges has to be considered.   
Current market structures, lack of understanding of the principles of new technologies based on renewable 
energy sources, difficult access to finance and its high cost, inadequate and the lack of a unified regulatory 
framework.  
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Overview 
Hydrogen energy can be a solution to the fossil fuel problems the world is facing. The aim of this study was to 

discover the optimum options for integrating concentrated solar power (CSP) with hydrogen production methods in 
NEOM city in Saudi Arabia. 

ethods 
CSP projects of 100 MWe or equivalent thermal energy were simulated and integrated with three methods of 

hydrogen production on the System Advisor Model (SAM). These were electrolysis, thermochemical methods to 
produce green hydrogen and the steam methane reforming (SMR) process to produce blue hydrogen. Two kinds of 
CSP were simulated in this study: solar tower collectors (STC) and parabolic trough collectors (PTC). 

 

 

 

 

 

 

 

 
Results 
[The results illustrated that the STC type worked more effectively than the PTC type in terms of generated energy 
and cost. Integrating CSP with electrolysis resulted in producing approximately 12751 tonnes per annum (tpa) of 
green hydrogen, whereas combining CSP with the thermochemical method was able to produce about 18260.5 tpa. 
Regarding the blue hydrogen, the third integration was able to provide 174602 tonnes of blue hydrogen per annum.  

Conclusions 
Several simulations were conducted and compared for each CSP type, STC and PTC, on SAM, leading to the 

observation that the STC type is more effective than PTC at a scale of 100 MW of electricity or equivalent thermal 
energy according to the annual energy generated and the cost, as revealed in the discussion section. 

The effect of increasing the solar multiple without thermal storage was slightly negative for STC and positive in 
PTC. It was evident that TES played a significant role in increasing the generated energy and decreasing the 
levelised cost of PTC and especially STC in all eight conditions since it was able to raise the production capacity to 
about 40% for STC. Moreover, it reduced the cost by as much as 34% than without TES. 

The CSP with a thermal method integration outperformed the combination of CSP with electrolysis in terms of 
the hydrogen quantity produced by more than 30%. 

       The best output of combining CSP with the thermochemical process was 18260.5 tpa of green hydrogen, and 
the cost of the thermochemical process was $71.4 million. This was the same condition of integration as CSP with 
electrolysis. 

        Integrating CSP with SMR could create 174602 tpa of blue hydrogen, and the cost of the SMR process was 
$103.02 million. The avoided amounts �Y�A$2/A�� were 108011.7 tpa and 297032 tpa, respectively. 
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Muhammad Akimaya, King Fahd University of Petroleum and Minerals, +966 530432531, 
E-mail: muhammad.akimaya@kfupm.edu.sa 

Overview 
The energy transition becomes the goal of many countries ever since the Paris Agreement was signed back in 
2016. It raised awareness and fueled significant research in renewable energy technology that ultimately results in 
a substantial reduction in the cost of generating electricity. It appeared as if we were getting closer to achieving 
sustainable energy and will soon be less reliant on fossil fuel as the main source of energy. However, the 
penetration of renewable energy in the electricity market seems to be constricted, especially in lesser developed 
countries. In fact, the utilization of fossil fuel to generate electricity is still growing (IEA 2022). Recently, hydrogen 
is under the spotlight as a solution to energy transition. Hydrogen combustion waste is water, which is harmless. 
It exists in gaseous form that can be stored easily while maintaining its energy content and thus, hydrogen appears 
to be the solution of the intermittent issue of renewable energy sources. Hence, there is a significant number of 
hydrogen production projects all around the globe (IEA 2021). 
 
There are several different methods of producing hydrogen (IRENA 2019, IEA 2019). However, to be less reliant 
on fossil fuel, a green hydrogen method is what many countries are currently pursuing. It is called green hydrogen 
since it does not involve fossil fuels and there is no carbon waste in any of its processes. It uses power from 
renewable energy to perform water electrolysis to produce hydrogen. This would mean that a significant growth 
in hydrogen would have to come with a significant increase in renewable energy production. Hence, this research 
takes a closer look at the effect of hydrogen production growth to the renewable energy production structure. As 
electricity is one of the biggest part of the costs of producing green hydrogen, investors would always choose the 
most profitable path in its hydrogen production project. From an investment decision perspective, there is an option 
whether to use electricity from the grid or build an independent renewable energy power source. This research 
provides insights about the effect of the growth in hydrogen production quantity, as well as technology, on the 
investment decisions that would dictate the nature of renewable energy production. Would hydrogen economy 
growth drives decentralization of renewable energy? 

Methods 
Structural models that represent the investment decision of the two options are developed. Since the price of green 
hydrogen differs significantly depending on the electrolysis technology and the location, the levelized cost of 
hydrogen (LCOH) is used as a proxy for profitability. Lower LCOH value implies higher profitability. The model 
for using the electricity from the grid is shown in Equation (1). Since the plant will be using the grid, the electricity 
cost will be exposed to market forces. Depending on the characteristics of the electricity market, the electrolysis 
process may be carried out during the peak period that has higher electricity tariff. The plant can be less reliant on 
electricity tariff by scaling up its facilities. 

              J "$)A� !" � �$'1"$)A� !"l�l}�u���m�m 
 U)+�"%1�1"�A� !"     (1) 

Meanwhile, the independent power source model is shown in Equation (2). Since the plant has its own independent 
power source, it can perform electrolysis all year round. However, the cost of building the facilities of the power 
source would be included in the model. In addition, the capacity of the power source would dictate the hydrogen 
production capacity. 

J "$)A� !" � �$'1"$)A� !"l�l}�u���m�m 
 J "$)A� !"ulgl��k�l   (2) 

The IEA data is used for the parameters on capital cost of electrolysis as well as capital cost for renewable energy 
(IEA 2019). The electricity tariff is based on average retail price of electricity (EIA 2022). The capacity factor and 
hydrogen conversion factor data are according to published research (IEA 2022, Element Energy 2018). The 
minimum cost of both options depending on the hydrogen output is simulated and compared to provide insights 
on investment opportunities. Furthermore, the growth of hydrogen production technology is simulated as well. 
Hydrogen production technological advancement can come into two different forms; a decrease in the capital cost 
and an increase in the conversion factor. Both cases are included in the analysis. 

Results 
Based on the preliminary simulations results, the option to build an independent power source is never deemed 
attractive from an investment perspective. The cost of hydrogen production overall using an independent 
renewable source will always be significantly higher than relying on power from the grid at the current conditions, 
assuming that the power from the grid are coming from renewable energy sources. In the preliminary model, the 
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economies of scale is being ignored. However, given the significant gap of the total cost, the effect would be 
insufficient nevertheless. 
 
The technological improvement in hydrogen production is also simulated. A substantial capital cost reduction of 
up to 50% as well as enhancement in hydrogen conversion factor of up to 100% are being considered. The LCOH 
significantly improved, however, it is insufficient to flip the attractiveness of the investment options. This is due 
to the fact that both options experience a cost reduction. The largest impact of reducing the gap between the two 
options actually comes from technological enhancement in renewable energy generation based on simulation 
results. For example, an increase in the renewable energy capacity factor or an even greater reduction in the capital 
cost. However, it never actually flip the attractivement of the investment. 

Conclusions 
The structural model provides an investment perspective on hydrogen production that is currently being pursued 
rigorously by many countries as part of energy transition goals. IEA (2019) predicts that hydrogen would grow 
significantly in the energy field, especially for green hydrogen. This research provides insights on the renewable 
energy sector conditions that have to support such growth. The technological improvement in the hydrogen 
production would definitely bring the production cost of hydrogen down, yet it has a negligible effect on 
decentralization of renewable energy generation. From an investment perspective, building an independent 
renewable energy source for green hydrogen production would be an unnecessarily higher cost that significantly 
impact its economic feasibility. This implies that the growth of hydrogen economy would bring heavier 
dependency on the electricity grid to deliver reliable power. The problem is that with more reliance on the grid 
and higher demand for renewable energy, it would inflict a larger cost to stabilize the grid. Since hydrogen is 
supposed to be the solution to the issue of intermittency of renewable energy, especially as an energy storage, it is 
actually a paradox. With higher fluctuation of electricity supply, more hydrogen would be required. However, it 
increases even further the amount of renewable energy generation required for the grid and ultimately causes 
greater instability to the grid. 
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Overview 

In recent years, a significant interest in hybrid electric vehicle (HEV) has arisen globally due to the pressing 
environmental concerns and skyrocketing price of oil. Representing a revolutionary change in vehicle design 
philosophy, hybrid vehicles surfaced in many ways. The purchase price of a hybrid vehicle is higher compared to a 
conventional vehicle, both for passenger cars, buses, and trucks. However, given the lower fuel consumption, the total 
cost of life cycle cost of buying and using a hybrid can be equal to or even lower than buying and using a conventional 
vehicle depending on yearly mileage and fuel prices. The life cycle cost does not only include the cost of purchasing 
the vehicle but also the cost of fueling and maintenance. However, the maintenance will require more trained 
mechanics and possibly specialized maintenance centers in HEV.  

Methods 

The research study is carried out by simulation the cost analysis of conventional vehicle and HEV. The  life cycle cost 
in case study data of purchase price, maintenance, and fuel consumption are evaluted from popular cars in Saudi 
Arabia. The paper discusses costing trends of electric powertrain components and cost analysis for conventional 
vehicle and HEV. the cost analysis for conventional vehicle and HEV are estimated to evaluate payback period of cost 
of purchasing HEV. 

Results 

The vehicle payback period is investigated for HEV and conventional vehicle, such as the operating costs and the 
purchase price of both HEV and conventional vehicle. In order to reach the time in which the price difference is 
recovered for the HEV. The payback period has from 4 to 5 years the cost of the  purchasing HEV compare 
conventional vehicle for popular vehicles in Saudi Arabia.   

Conclusions 

The HEV cost-benefit equation is quite sensitive to a range of factors purchase price, maintenance, and fuel 
consumption in particular, However, the potential for HEVs to reduce per-vehicle fuel consumption is reducted in 
excess  of 40% are available using HEVs in Saudi Arabia. The payback period has 4:5 years the cost of the purchasing 
HEV compare conventional vehicle.   
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Abstract 

 

Back ground: This study examines the causal relationship between energy consumption, Urbanisation, economic growth 
and carbon dioxide emissions from Middle East and North Africa (MENA). Whereas energy consumption, urbanization and 
economic growth are critical drivers of carbon dioxide emissions, studies have conflicting results on the direction of 
causality.  
 Methods: The study will use Fully modified Ordinary Least Squares (FMOLS) and Dynamic ordinary least squares(DOLS 
within a multivariate data framework.  Panel cointegration and panel causality tests are used to establish to energy, 
urbanization, growth and carbon dioxide nexus. 
Results: The results support the conservation hypothesis between energy consumption. There is a positive relationship 
between economic growth and energy consumption while a negative relationship exists between economic growth and 
carbon dioxide emissions. 
Conclusion: The conclusion therefore is that these economies can be able to increase energy consumption without adverse 
effects on environmental quality. 
Implications/Relevance/Originality /Value 
This study will provide a better theoretical understanding using a multivariate framework on the energy consumption, 

urbanization, economic growth and CO2 nexus. This will empower Economic planners on developing and 

implementing evidence based policies. 

 

Key Words: Energy Consumption, Urbanisation, Industrialisation, Economic growth, Carbon dioxide, MENA 

Overview 
1.1 Preamble 

Energy consumption, urbanization, economic growth and carbon dioxide (CO2) emissions constitute a debate of 
ongoing concern in the world today (Banday and Aneja, 2018). The global increase in the consumption of energy and 
urbanization has been condemned for leading to increasing terrestrial carbon dioxide (Khairullina et al., 2019).  The 
indiscriminate human activities in setting up urban centres and use of energy resources in pursuit of economic growth 
has sparked off an imbalance in the biodiversity and ecological systems. This has resulted in increased greenhouse 
gases like CO2 (Otim et al., 2022). The increasing levels of carbon dioxide is believed to be the leading cause of 
global warming and climatic change (Rehman et al., 2021).   
The overarching debate is that increase in energy consumption, urbanization promotes CO2 emissions up to the peak 
as per the Environmental Kuznets curve (EKC) (Saboori, 2012, Banday, 2014, Banday and Ismail, 2017)). Other 
researchers, however, found little evidence to uphold this relationship (Gorus and Aydin 2018). Controversy still exists 
on the direction of causal relationship between energy consumption, urbanization, economic growth and CO2 
emissions (Mutumba et al., 2021a). This debate is not yet concluded even among climate change scientists (Oreskes 
2018). Yet other critics have dismissed these scientists as having nothing to tell the world about reality (Maki 2012). 
Energy economics is one of those areas with appropriate tools and evidence to facilitate this debate to a logical 
conclusion (Omri, 2013).  
1.2  Motivation 
Following the controversial debate, this study seeks to investigate the dynamic causal relationship between energy 
consumption, Urbanisation and industrialisation, economic growth and CO2 emissions (Ummalla and Samal 2019). 
It will further interrogate the dynamic causal relationship between urbanization, economic growth and CO2 emissions 
nexus. This will give a precipice to policy makers with some evidence based decision making. The growing concern 
over this controversial debate will be handled to an innovative and problem solving approaches that it warrants. 
1.3 Hypothesis 
The main arguments for this study that have been a rock bed of controversy are in four major parts namely the 
conservation, growth, feedback and neutrality hypothesis (Mutumba et al., 2021). 

(i) The conservation hypothesis takes on the argument that there exists a unidirectional relationship running 
from economic growth and energy consumption (Rahman & Velayutham 2020). It means this is valid 
for a nation that is not energy dependent, and reducing energy consumption does not necessary affect 
growth of the overall economy. 

(ii) The growth hypothesis takes on the argument that there exists a unidirectional relationship running from 
energy consumption and economic growth Kirikkaleli Adedoyin & Bekun 2021). This is effective for a 
nation that is energy dependent as increasing energy consumption will have a multiplier effect on 
economic growth. 
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(iii) Feedback hypothesis advances an argument of two-way causal relationship between energy consumption 
and economic growth (Jin et al., 2022). This is evidenced in the reversed causality between short and 
long run causality between the two variables of study. 

(iv) Neutrality hypothesis argues that there is no significant causal relationship between the variables of study 
(Raggad 2021). It is set on the premise that energy consumption has a minute relationship with growth.  

1.4 Value added 
Energy consumption makes a handsome contribution to employment and GDP (Khan and Hou, 2021). Urbanisation 
is another instrumental building brick of the economy. However, these two have been condemned for the growing rise 
of CO2 emission which threaten the overall sustainable growth and development agenda. As per the Sustainable 
development goals (SDG) 7 that advocates for reliable and affordable modern energy for all, while SDG 13 that 
advocates for sustainable urban communities and cities for all for promoting economic growth and sustainable 
development in the long term.  
This study will provide a better theoretical understanding using a multivariate framework on the energy consumption, 
urbanization, economic growth and CO2 nexus. This will empower Economic planners on developing and 
implementing evidence based policies. 
1.5 Roadmap 
The remainder of this paper is section two, methods,  in section three findings and discussion and finally conclusions 
and policy recommendations. 

Methods 
2.1 Data source 
Annual data has been taken from World Bank Development Indicators (WDI, 2020) for GDP, Energy consumption, 
Gross Domestic Product (GDP), Urbanisation (URB), Industrialisation (Ind), and CO2 emissions. Time series data 
for all the 15 MENA including Algeria, Cyprus, Egypt, Iran, Israel, Jordan, Kuwait, Morocco, Oman, Saudi Arabia, 

Sudan, Syria, Tunisia, Turkey and United Arab Emirates 1970-2019 giving 50 data points, the data set is large 
enough to increase size and explanatory power of unit roots and panel co-integration techniques. 
 
2.2 The Theoretical Model- Environmental Kuznet 

The earliest of works on the Environmental Kuznets Curve (EKC) can be traced from Simon Kuznets (1955) himself, 
whose foundational work on the Kuznets curve raised vital tentative arguments on the relationship between income 
per person and income inequality (Bashir et al., 2021). Kuznets (1955) contends that the income gap tends to increase 
during initial stages of growth and to decline as these incomes grow. In describing an inverted-U shaped relationship 
between per capita income and disparities in income. In the 1990s, the study was rekindled by Grossman and Krueger 
(1991), the Kuznets curve was rekindled as an analytical tool to explain the relationship between the levels of 
environmental quality now operationalized as Carbon dioxide emissions in this paper and per capita income. The term 
EKC was conjecture by Panayotou (1993) for its closeness to Kuznets’ hypothesis (Dogru et al., 2020).  
According to EKC, after GDP increases up to a certain point, it will ameliorate the environmental effect of the initial 
stages of economic development and will offset the relationship between Gross Domestic Product (GDP) per capita 
and pollutant emissions per capita is in the shape of an inverted-U. For our posterity, therefore we demonstrate that 
economic growth benefits environmental quality beyond which this tradeoff is lost (Niu and Li, 2014).  
EKC is attributed to the production scale, structure and abatement; Production scale input rates explains production 
increasing with production range and level of technology. Industries have varying levels of pollution intensity while 
production range varies in the process of economic development. Varying output to replace harmful inputs by less 
environmentally harmful ones or the reverse.  Emission changes in input per unit may result with less pollution due 
to developments in technology. 
 The EKC hypothesis postulates that a rise in stock pollutants will develop a country’s industry and this will gradually 
decline after an economic development threshold level is attained. Therefore, environmental damage is the trade off 
at the first stage of economic development and for this reason countries will not overcome it unless the reversing effect 
is overcome. 
The level of CO2 emissions in an area is correlated with CO2 levels throughout the wider region. The natural 
determinants are secondary with minimal and self-correcting effects on environmental quality. CO2 emission levels 
on aggregate output is influenced by CO2 emission-generating works and cleaning activities. Actual pollution levels 
and thus the CO2 intensity of aggregate output emerge as a result of these two opposite effects. While the rate of 
Pollution generating activities depends on declining input on these variables, the CO2 emissions depend on 
aggregate output composition. Therefore, these are Composition or Structure Effect (C) and Abatement Effect (A). 
It is obvious that Output per unit area represents Scale Effect (L) (Islam, Vincent and Panayotou; 1999). The effects 
of variour correlates, such as, technology transfer, international trade, Domestic and foreign investment,  policy and 
institutional variables feed into the above three effects. Along with the economic growth, the scale of an economy 
tends to become larger and larger, global inputs will steadily rise (Grossman 1995). 
 
2.3 The Econometric Model: Fully modified Ordinary least squares (FMOLS).  
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2.3.1 Variable Description 
Variables of study have been carefully selected as explained in the table, to avoid misspecification a Ramsey RESET 
(Regression Specification error test) was done. The variables selected their measurement and expected signs have 
been shown in table 1.  

Table 1: Variable description and expected signs 
Variables Symb

ol 
Measure Expected 

 Sign 
Data source 

 Gross Domestic 
Product 

  
GDPt 

GDP constant 2010 US$ + World Bank: World development 
indicators(WDI) 

Urbanisation Urbt % population in Urban 
area 

+ World Bank: World development indicators 
(WDI) 

Carbon dioxide CO2t Kilotons + World Bank: World development 
indicators(WDI) 

Energy  
consumption 

Et kWh + International Energy Agency (IEA) 

Industrialisation Ind % Industrial Output + World Bank: World development 
indicators(WDI) 

 
2.3.2 The panel fully modified ordinary least squares model 
The ex poste- facto research design was adopted to allow for the use of time series data Chinedu et al. (2019).  Due to 
cross sectional dependence (CD) employed a fully modified ordinary least squares model by Phillips and Hansen 
(1990) was undertaken. This model uses semi parametric correction to remove he problems caused by CD between 
the cointegrating equation and random regressors. The benefit of FMOLS estimator is that it is unbiased and 
asymptotically efficient.  Cross sectional dependence was a deep-seated problem in our data arising from two main 
issues namely; spill overs and unobservable factors between regions. These factors include technology and 
technological transfers, Capital inflows and international trade amongst members implying that CD can no longer 
measure up to solve the key matters of this study. Therefore the modelling has to be done taking care of this. This 
withstanding a Haussmann CD test was done to determine whether a fixed or random effects model was more 
appropriate. The fixed model is operated when there exists time invariant variables for time variant effects and .the 
specific effects is a random variable allowed to be correlated with the explanatory variable Salim et al., (2014). The 
random effects model was more appropriate.  

2.4  Diagnostic tests 
This subsection mainly looks at post estimation tests particularly the test from stationarity and unit root, serial 
correlation, functional form, co-integration, heteroscedasticity and normality as explained. 
2.4.1 Test for Stationarity and Unit Root 
To test for unit roots in our variables, we use the Panel Augmented Dickey Fuller (PADF), Levin Lin and Chu (2003), 
Im Pesaran and Shin W- statistic, ADF Fisher and PP-fisher chi square test.   Using the results of Dickey and Fuller 
(1979), the null hypothesis that the variable shows that all variables have unit roots. Electricity consumption (E) is 
stationary at first difference.   
2.4.2 Determining the appropriate Lag Length for FMOLS 
The need for the lags arises because values in the past affect today’s values for a given variable. This is to say the 
variable in question is persistent. There are various methods to determine how many lags to use. The AIC was used 
to determine the appropriate lag length given the large sample size of 31 observations. The appropriate lag length is 
2.  
2.4.3 Panel Co-integration test 
This test is used to check if there exists a long-run relationship between the study variables. Generally, a set of variables 
is said to be co-integrated if a linear combination of the individual series, which are I(d), is stationary. Intuitively, if 
xt � I(d) and yt � "���#��� �����\\���� �\� �Ä�#�"�� ������\��Ä��\#�Ë�#����� "���#� �����#������È��������-integrated. We use 
Johansen’s (1988) approach, which allows us to estimate and test for the presence of multiple co-integration 
relationships. The choice of lag length is made according to the AIC criterion.  In conclusion there is one co-integration 
rank (long-run relationship). When determining lag structures of the data-generating processes (DGP), we use the 
Johansen (1988) procedure to test the existence of long-run equilibrium relations using the trace statistic test for co-
integration, because our data are based on rather small samples, the estimation procedure that we adopt accounts for 
the Bartlett correction following Johansen (2000). The Johansen co-integration procedure does not reject the null 
hypothesis of one co-integrating equation. The Johansen trace and max test statistics suggest the existence of at least 
1 co-integrating relationship between GDP and electricity consumption. According to Henry and Mizon (1978), this 
choice of the econometric model is because of existence of a co-integration problem. Since the error structure in 
nonstationary in levels, the problem is estimated in a first difference formulation. The Dickey Fuller test is used to 
determine whether the remainder is stationary Dickey Fuller, and the Augmented Dickey Fuller test is applied on the 
least square residual to implement the Engel and Granger procedure.  
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2.4.4 Test for functional form 
We may have a model that is correctly specified, in terms of including the appropriate explanatory variables, yet 
commit functional form misspecification. In this case, the model does not properly account for the form of the 
relationship between dependent and observed explanatory variables. In this study, a general test for functional form 
misspecification is Ramsey’s RESET (regression specification error test) which was applied. 
2.4.5 Test for heteroscedasticity 
The error term is found to homoscedastic using the Breush Pagan test this shows the stability of the parameters using 
residual diagnostics to minimize errors (or residuals). The error term is be independently and identically distributed 
(i.i.d). Using the correlogram, the error term of the estimated model. This procedure of log transformation is important 
because it stabilises the means, however the means are also found to be non-stationary. 
2.4.6 Test for normality 
The Jacque Bera normality test was used to test for normality, which variable is relevant to express as linear 
combination among other variables, using the Maximum Likelihood- Auto Regressive Conditional Heteroscedasticity 
(ML ARCH) the residuals were normally distributed. 
2.4.7 Causality test 
A panel based on Error correction model (ECM) was applied and later a Engle and Granger (1987) causality is applied 
for both short and long run dynamics. 
Yit=Ì$, �����Ag��� +, ������Ag��� +, ���� 
 , ��������Ag��� A
 , ��������Ag��� , �3AHI� 
 ���A�H�g���g���  
ut………………(9) 
H0 : � = 0 for j = 1,...,n 
 H1 : � � 0 for at least one j………………………………(10) 
Where Ì is a constant and ut is a white noise process,  
E -Energy Consumption,    Urb -Urbanisation, 
GDP Economic growth   Ind- Industrialsiation,  
CO2 = carbon dioxide   ECT is the Error correction mechanism. 
The optimal lag length is determined by the Schwartz Information criteria (SIC) 

3.0 Results and Discussion 
 The results support the conservation hypothesis between energy consumption. There is a positive relationship between 
economic growth and energy consumption while a negative relationship exists between economic growth and carbon dioxide 
emissions. 

4.0 Conclusion and Policy recommednations 
 The conclusion therefore is that these economies can be able to increase energy consumption without adverse effects on 
environmental quality. 
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Overview 
This paper empirically examines how financial sector development affects the carbon dioxide emissions in 

economically hydrocarbon dependent three post-Soviet economies - Azerbaijan, Russia, and Kazakhstan. To 
examine this relationship, we employed cointegration techniques to the data ranging from 1990 to 2019. We found 
that financial sector development has a positive and statistically significant impact on environmental pollution in all 
three countries. These empirical findings are in line with the theory. While the impact on carbon emissions was 
highest for Azerbaijan, it was the lowest for Russia. Considering the chosen countries have resource-dependent 
economies, as the more developed and liberalized the financial sector becomes, it intermediates investments more to 
oil-gas-related projects. Moreover, with the improving economic development in these countries under favorable oil 
prices, the living standards of people increases, and consumers are inclined to spend more on energy consumption 
intensive areas to enhance their living conditions, which engenders a rise in carbon dioxide emissions. Since 
information-intensive industries have not yet been established in the chosen countries, economic activities keep 
posing a negative impact on environmental pollution in the form of carbon dioxide emissions. The implications of 
the empirical results are discussed for energy and financial development policies. 

 

Methods 
Our empirical model is constructed as follows: 

CO2PC=C(0)+C(1)FINDEV+C(2)GDPPC+C(3)OILPRC+C(4)AWA 

Variable Symbol Description Expected 
sign Economic implication 

Carbon 
emission 

CO2PC measured in metric tons per capita - - 

Financial 
development 

FINDEV 

the index is based on (a) domestic 
credit provided the by financial sector 
(% of GDP), (b) foreign direct 
investment, net inflows (% of GDP), 
and (c) trade (sum of imports and 
export as a % of GDP) 

+/- 

If financial development impact is positive on carbon 
emissions, this means financing is directed to projects 
which contribute to environmental pollution. If this 
impact is negative, it means the financial sector helps 
companies to run financing more into green projects. 

GDP per 
capita 

GDPPC GDP per capita in current USD + 

A higher level of GDP per capita increases carbon 
emissions. Considering the economic structure of the 
studied countries, we assume a positive linear impact of 
income on CO2 emissions. 

Oil prices OILPRC 
Europe Brent Spot Price FOB (USD 
per Barrel) 

+/- 

When oil prices increase, oil-exporting countries are 
prone to either spending carelessly or investing in eco-
friendly projects. Thus, the change in this variable may 
have both positive and negative impacts on carbon 
dioxide emissions. 

Awareness 
of climate 
urgency 

AWA 
individuals using the internet as a 
percent of the population 

+/- 

If positive, though people are aware of climate change, 
they keep using fuel dominant means. If negative, it 
means, people are conscious of climate urgency and 
adopting environmentally friendly behavior. 

                                                                   

IMPACT OF FINANCIAL DEVELOPMENT ON CARBON DIOXIDE EMISSIONS:  
EMPIRICAL EVIDENCE FROM AZERBAIJAN, RUSSIA, AND KAZAKHSTAN 
 

Samra Talishinskaya, Economist, +994504320429, samra.talishinskaya@gmail.com  
Jeyhun I. Mikayilov, Research Fellow, +996537324174, Jeyhun.mikayilov@kapsarc.org  
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All variables are used in a logarithmic form. We analyze the relationship between CO2 emission, financial 
development, oil price, awareness, and GDP per capita variables using the Dynamic Ordinary Least Squares 
(DOLS) technique (Stock & Watson, 1993).  First, we checked the non-stationarity characteristics of selected 
variables.  We used Augmented Dickey-Fuller (ADF, (Dickey & Fuller, 1981)) unit root test and Phillips–Perron 
test (PP, (Phillips & Perron, 1988)). Next, we can proceed to the cointegration test to analyze whether the variables 
move together in the long run. For this purpose, we used the Engle-Granger test (Engle & Granger, 1987) (cite it) for 
cointegration. After confirming the cointegration, we applied DOLS to investigate the long-run relationship among 
the variables.  

 

Results 
Results of empirical estimations show that financial development has a positive and statistically significant 

impact on carbon emissions for all three selected countries, which is in line with the findings of many papers 
(Sadorsky, 2010, 2011; Ali et al., 2018; Ma and Fu, 2020, among others). This finding allows us to conclude that, 
amid the development period of a country, where environmental quality is not a priority, betterment in the relatively 
easy access to finance “motivates” further consumption. The additional eco-unfriendly consumption results in 
environmental degradation.  

We found that a 1% increase in financial development resulted in a 0.47%, 0.19%, and 0.30% rise in carbon 
dioxide emissions, respectively, in Azerbaijan, Russia, and Kazakhstan. Empirical results show that for Azerbaijan 
financial development and oil price, for Russia oil price and GDP per capita, and for Kazakhstan GDP per capita and 
financial development have the highest by the impact on carbon emissions. The impact of oil price was negative and 
statistically significant, GDP per capita was positive and statistically significant. While awareness of the population 
about climate urgency was negative and statistically significant for Azerbaijan and Kazakhstan, and it was positive 
and statistically significant for Russia. Overall, economic growth and financial sector liberalization raise carbon 
emissions, and oil prices and citizens’ awareness about environmental degradation have a negative impact, as 
expected. 

Conclusions 
In this study, we investigated the impact of financial development on carbon dioxide emissions using DOLS for 

three post-Soviet countries – Azerbaijan, Russia, and Kazakhstan – with similar economic development and 
structure. The unit root exercises for variables of interest displayed their stationarity at first differenced form. Next, 
variables were tested for the long-run relationship by employing the Engle-Granger test for cointegration. The 
obtained results show the validity of cointegration among variables which implies the existence of a long-run 
relationship between financial development and carbon dioxide emissions in selected countries. The empirical 
results indicated that by employing the DOLS technique, financial development proxied by respective index built on 
credit to GDP, foreign direct investment, and trade balance could increase carbon dioxide emissions. Numerically, a 
1% increase in financial development results in a 0.47%, 0.19%, and 0.30% rise in carbon dioxide emissions, 
respectively, for Azerbaijan, Russia, and Kazakhstan. Moreover, economic development also leads to an increase in 
environmental pollution. At the same time, oil prices and awareness of the population of climate urgency and 
changing their behavior have decreasing influence (except Russia) on carbon emission.   

Based on the empirical results, we conclude the following policy implications. First, financial sector 
development is a lubrication channel for improving economic development; nevertheless, considering the calls for 
climate change, a “greener” investment approach should be adopted for alleviating carbon emissions and achieving 
sustainable and resilient economic growth. This is a crucial point for policymakers to consider when formulating 
energy and financial development policies. We performed a robustness check and verified the reliability of the 
results. As a part of the robustness exercise, we used several cointegration methods, but the results received by the 
DOLS technique outperformed results produced by other techniques. We also used other financial sector 
development proxies (domestic credit to private sector by banks (% of GDP) and foreign direct investment, net 
inflows (% of GDP)), and various control variables such as urban population growth (annual %), fossil fuel energy 
consumption (% of total). It would be interesting for future research to investigate similar relationships in the case of 
other oil-exporting countries. 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

n
v

ir
o

n
m

e
n

t



186

Sk���������	
������
Conference Name
44th IAEE International Conference - 2023

Paper ID
40

Paper Title
The Role of Civil Law in Environmental Protection For the Suez Canal Axis Development Project an Applied Study of
the Localization of Green Hydrogen to Achieve Sustainable Development in Egypt by Farouk M. Abdel Rahman and
Mohamed El- Esawy Ahmed Atomic Energy Authority, Nuclear and radiological center, Egypt

Abstract
Research Summary

The main objective of the Suez Canal Axis Development Project is to promote economic growth and sustainable
development in Egypt during the coming years. �o an integrated study should be conducted on the competitiveness of
this project in similar regions of the world and determine the priority of the industries that will include it to determine the
added value and competitive advantages of that project, which is considered the dream that Egyptians seek to
implement. So the Egyptian government should provide an enabling environment for investment, including the private
sector, the optimal utilization of available resources and the modernization of the regulatory framework. The goal is not
only to transform the Suez Canal axis area into a global logistics zone for maritime transport by duplicating the Suez
Canal transit and construction of the ports of Ain Sokhna and East Port Said, But also, a global zone for value-added
and environmentally friendly industries. These industries such as the localization of the green hydrogen industry in the
region. This is done under the United Nations Sustainable Development Agenda until 2030.

Regarding the localization of the green hydrogen industry, the aim is to establish production projects in the region,
because of their close link with the pivotal ports around it. As the global demand during the coming short period will
witness a significant increase in low-carbon fuels. In light of the current global data on reducing carbon emissions,
within the plans of countries to shift towards a green economy, which makes the opportunity to put Egypt in a position
of regional leadership in the production, use and export of this environmentally friendly fuel, ahead of Egypt's hosting of
the COP27 climate summit to be held Year 2022.

Egypt has the basic elements to localize and expand this project depending on its will and political support to shift
towards a green economy and the huge potential to produce this fuel at competitive prices. In addition, the privileged
geographical location of Egypt and its proximity to the continent of Europe, which is the most important markets
importing clean energy products. Moreover, Egypt has the necessary infrastructure to export it to European countries,
depending on the natural gas export network. As well as another competitive advantage is the passage of about 15%
of global shipping traffic through the Suez Canal. It offers huge opportunities to raise its competitiveness by turning it
into a global hub for bunkering for green energy
This is from an economic point of view, but the real problem is the risks of storing and transporting it as hydrogen is fast
exploding and can cause dangers to residential communities around the project. So the legal structure updated to
compensate the third party commensurate with the damages that can occur. In addition, this presented in this research.
In terms of presenting the existing legal structure, how and what are the methods of modernization and how the third
party gets compensation for the damages suffered by them through strict liability or liability Strict fault based on the
absence of fault and not fault-based tort in civil law.

Green hydrogen is receiving great global attention and Egypt is not the first in the Arab world. It is proceed by the UAE
and Saudi Arabia, as a promising source of energy in the near future. The green hydrogen is a carbon-free fuel,
sourced from water, by separating hydrogen molecules from oxygen molecules by electrolysis. Thus combating global

Conference Management Toolkit - Submission Summary https://cmt3.research.microsoft.com/IAEEConference2023/Submissio...

1 of 2 1/10/2023, 3:02 PM

E
n

e
rg

y
 a

n
d

 t
h

e
 E

n
v

ir
o

n
m

e
n

t



187

warming by reducing the proportion of carbon in the air, if this electricity obtained from renewable sources such as
natural gas currently available in Egypt, we will produce energy without emitting dioxide Carbon in the atmosphere
where it can produce at the lowest costs.
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Analyzing the impacts of technological innovation on CO2 emission 
"Innovation Claudia Curve Theory (ICC)" in MENA Countries 

Nouf Alnfisah1, Eman Alsmari2, Amal Alshehri 3 
1 Lecturer at Princess Noura University and PhD candidate in economics in King Saud University, tel:0545582200, noufsaud1506@gmail.com. 

2 Lecturer, Department of Economics, Princess Noura University, tel:0541665882, EAAlsmari@pnu.edu.sa  
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Overview: �
     In recent years, due to the serious effects on the environment, there have been intense discussions 
about concepts that refer to the destruction of the environment, such as global warming and climate 
change. Accordingly, the Environmental Kuznets Curve (EKC) hypothesis, which was proposed by 
Kuznets (1955) to deal with the effects of economic growth on environmental destruction, has become a 
popular research topic. Furthermore, the concept of technological innovation is attributed to Schumpeter 
(1942) and most researchers believe that change in technological innovations has a vital importance in 
explaining and addressing key issues in the environment.  
     This study not only examines economic growth in terms of environmental impact, but also adopts a 
modified EKC theory to investigate the impact of technological innovation and consumption of 
renewable and non-renewable energy on significantly increasing CO2 emissions in selected MENA 
countries. Thus, this paper will be particularly useful for decision makers to help them adopting policies 
that contribute to promoting technological innovations to reduce these emissions and their negative 
effects on the environment, especially since most of these countries use non-natural resources in their 
economic growth. 
     Several empirical studies have been conducted in various countries to investigate the variables that 
affect the environment. In this context, Vo and Vo (2021) emphasized that sustainable economic growth 
in the ASEAN region is accomplished by moderating population growth with higher use of renewable 
energy, in addition, renewable energy usage responds to population growth and leads to CO2 emissions. 
Moreover, many studies have found a causality between economic growth, energy consumption and CO2 
emissions (Tzeremes, 2018; Vo and Vo ,2021).  
     In term of MENA country there have been many studies investigate the importance of reducing the 
CO2 emissions by studying various variables such as Alharthi et al. (2021) concluded that economic 
growth destroys the environment while renewable energy reduces carbon emissions. Moreover, S. P. 
Nathaniel et al. (2021) tested the Environmental Kuznets Curve (EKC) theory in the MENA region and 
pointed out that there is existence of a bidirectional causal connection in both the short and long term 
between energy consumption and economic growth. In terms of policy effectiveness Kahia et al. (2017) 
found that renewable energy policies have a significant and positive effect on encouraging and helping 
the economy grow.  
     Recently, technological innovation has been��incorporated as��a new indicator into the growth-
environment��framework, as��it is recognized as an important component in the reduction of CO2 globally. 
Extant research has been done on how innovations��affect carbon emissions���For��example��#Khan et al ��
(2020) revealed that technological innovation diminishes CO2 emissions in China���Meanwhile,�Mensah 
et al. (2018) showed that technological innovation plays a key role in mitigation of CO2 emissions and 
enhances environmental quality. 
 
Methods: 
     This study will adopt the modified innovation EKC model (Innovation Claudia Curve theory) to 
analyze the effect of innovation technology on CO2 emissions and examine the existence of an inverted 
U-shaped curve between innovation and environmental quality in selected MENA countries., the model 
is shown as follows: 

A�����A � A�	 
 .��V��� 
 A.�V� 
 .��MJ�� 
 .��MJ�� 
 .3Z�MJ�� 
 .5Z�MJ��

 . TU��� 
 ��� 

    The paper will focus on only 6 MENA countries due to availability of data��these countries are: Algeria, 
Egypt, Iran, Morocco, Saudi Arabia, Tunisia. from 1990 to 2019. 
    The main variables for the study are CO2 emission per capita (as dependent variable) and innovation 
as independent variable (PAT as a measure of patent application by resident and NPAT as non-resident). 
This proxy for innovation has been employed by (Chuzhi & Xianjin,2008; Khan et al.,2021) and came 
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to the same conclusions proving that patents have a beneficial effect on CO2 emissions. Also, our study 
further added the following explanatory variables: GDP is gross domestic product per capita (constant 
2015 US$), REC is renewable energy consumption (renewable energy consumption % of total final 
energy consumption�,�������Ë��\�����������������In addition, in empirical analysis. Thus, this paper uses 
the panel FEM, EGLS estimation methods. 
 
Empirical result: 
      This paper aims to assess the modified innovation EKC model (Innovation Claudia Curve theory) 
and analyze the effect of using renewable energy, economic growth, and innovation technology on CO2 
emissions. In addition, it attempts to examine the existence of a U-shaped curve between innovation and 
environmental quality in a selected MENA country for 1990–2019 by applying the panel Fixed effect 
(FE) and generalized least squares (EGLS) estimation methods. The empirical econometric results reveal 
that the Innovation Claudia Curve (ICC) is valid for the selected countries, and the quadratic patent 
variable shows that initially the use of innovation technology increases emissions, but after a certain 
level, a turning point occurs, and patents have a significant impact on environmental quality. Thus, the 
results support the idea that as more patents are developed and used, the quality of the environment 
improves and the levels of environmental degradation decrease. 
      In a panel study, we looked at how innovation affects carbon emissions. After confirming the cross-
section dependents between countries, we begin to verify the stationarity of the data by using second-
generation panel unit root tests to determine the stationarity of the variables. According to the results of 
the CIPS panel unit root tests, CO2, GDP, PAT, �MJand NPAT,NA�MJ are non-stationary at levels 
but become stationary at first differences, whereas the REC is stationary at levels. Then, testing for 
cointegration gives us another way to look at how variables are connected. The cointegration test by 
Westerlund (2007) is used to deal with the problem of heterogeneity and cross-sectional dependencies. 
The outcomes show the results of no cointegration between variables.  
     In the empirical approach, we estimate the model by using two methods: fixed affect (FE) 
and generalized least squares (EGLS). The results from the fixed-effect model show that GDP, PAT, and 
�MJ are statistically significant, which illustrates that the impact of GDP on carbon emissions is 
negative and significant. And the square of GDP has a significant positive impact on CO2 emissions, 
which conforms to the existence of Kuznets's curve in MEANA countries. This finding is consistent with 
other studies that hypothesize the existence of the Kuznets curve, such as (Nathaniel, Adeleye, and 
Adedoyin 2021). On the other hand,  the renewable energy consumption is positive but not significant, 
whereas with the resident patent it is positive and significant, expressing the impact of the patent on the 
carbon emission. The patent square demonstrates a significant negative relationship with carbon 
emissions, confirming the Claudia theory's inverse U-shape. Where, according to the Claudia Curve 
theory, increasing carbon will be mitigated by technologies (innovations), the first will initially increase 
emissions due to limited accessibility, but further increases will gradually lower emissions. When more 
technologies are protected by patents, high technology spillovers will reduce CO2 emissions. Finally, the 
nonresident patent has no impact on reducing carbon emissions. In comparison to EGLS methods, where 
all variables are statistically significant, the Kuznets model does not exist here, where GDP and GDP 
square have a positive sign, which means that increasing GDP  by one unit leads to an increase in CO2 
emissions by 0.0005, which is a very small impact. The consumption of renewable energy is negative, 
with a 0.02 reduction in CO2 when consuming a unit of renewable energy. The paper's focus is on 
innovation and its impact on improving environment quality where the resident patent has the inverse 
Claudia U curve, while the nonresident patent has a U shape.  
 
Conclusion: 
     The results from our analysis are confirmed the validity of Claudia curve theory (ICC). The findings 
reveal the impact of technological innovation on mitigating the level of CO2 emission in selected MENA 
countries, indicating the positive relationship between patent and CO2 emission on one side.�
Furthermore, the quadratic patent variable illustrates a negative relationship with CO2 emission.�In other 
words, the use of technologies initially causes environmental degradation, but beyond a certain degree 
of discovery of more patents the quality of the environment improves and the levels of environmental 
degradation decrease. 
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Overview 
Minerals used in lithium-ion batteries powering electric vehicles need to be refined before ending up in the cell.  

Lithium and battery materials refining is an industry that developed already on the large scale in China but it is still 
in its early stages of development in other parts of the world. While transition into electric vehicles will require 
regionally situated lithium refineries serving local markets to minimize CO2 emissions during transportation of 
refined lithium, as well as quality losses. Decreasing reliance on China as a single point of supply is also important 
for the security of European and North American supply chains. Opportunities for construction of lithium refineries 
in GCC countries arise. 

 

Methods 
Surveys, semi-structured interviews, proprietary developed forecasting models. 

 

Results 
Our forecasts point out to global shortage of refined lithium chemicals already in 2026 if more lithium refining 

capacity is not announced. 

 

Conclusions 
Shortage of refined lithium chemicals, presents commercial opportunities for development of lithium hydroxide 

refineries. Such pioneering endeavours, however are not without risks. The presentation will highlight the findings 
of our research on lithium & battery materials refining – including risks and opportunities related to participation in 
this industry. It will broadly present the opportunities for development of battery refining industry in GCC countries. 

 

References 
Big shovels – Can battery materials supply keep pace with demand? L.Bednarski, J.Meyer, G.Hilton, S. 

Wilkinson, Strategic report, IHS Markit (now a part of S&P Global), 2022  

 

 

 

 

                                                                   

LITHIUM & BATTERY METALS REFINING – NEW OPPORTUNITIES IN THE 
REFINING INDUSTRY 

Lukasz Bednarski, IHS Markit (part of S&P Global),+447842712082, lukasz.bednarski@ihsmarkit.com 
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Impact of non-tailpipe emissions on local air pollution: Evidence from New 
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Overview 

Road transport is one of the primary sources of airborne particulate matter (PM), a common class of 
pollutant in urban environments and a primary driver of air pollution’s burden of disease worldwide.1 
PM concentrations differ in particles’ sources and chemical composition2 affected by locations and 
meteorological conditions, such as temperature, humidity, wind speed, and rainfall3. While 
transformational technological improvements, coupled with emission control regulations and policies 
have led to a substantial reduction in exhaust emissions (EMs) from road traffic4-6, currently, on-road 
non-exhaust emissions (NEEs), also known as NEEs such as those generated from brake, tyre, clutch 
and road surface wear or road dust resuspension due to traffic congestion are unabated7. Most recent 
data show a number of European cities including Berlin and London indicated that the contribution of 
NEEs to PM concentrations was comparable or even larger compared to Ems8. Empirical evidence 
from Auckland also indicates that coarse PM has become the dominant transport source after 2016, as 
NEEs increase in line with rising traffic volume9. However, NEEs of PM constitute a little-known 
knowledge and hence has been downplayed compared to EMs in the literature and transport and 
health policies.  
 
EVs can improve air quality through zero tailpipe emissions10. However, fleet electrification would 
not significantly reduce PM emissions, as 1) NEEs in transport arise irrespective of the fuel source, 
and 2) the ever-increasing proportion of non-exhaust emissions in the total emission profile11. Hence, 
expanding the share of alternative fuel vehicles in the overall fleet will unlikely reduce PM pollution. 
To the contrary, PM pollution may in fact increase due to heavier vehicle weights12. For this reason, 
an improved understanding of the relationship between the sources and causes of particulate NEEs 
and vehicle characteristics is vital for developing appropriate policy interventions to tackle this issue.  
 
Hence, the aim of this research is to explore and better understand the nexus between NEEs and the 
vehicle fleet and its implications for human health, based on econometric analysis of detailed New 
Zealand centric data. In particular, we are interested in: 1) quantifying the impacts of potential sources 
on monitored NEEs, and 2) propose specific policy recommendations in order to improve the 
country’s air quality.  

Methods 

The study utilises panel data regression to examine the impact of road dust and other factors, 
including soil, biomass, fuel, and marine aerosol, after considering the meteorological data, such as 
wind speed, temperature, and humidity. 

Results 

� Accordingly, five factors, including soil, biomass, fuel, marine aerosol, and road dust 
were found statistically significant at the 1% level, while secondary sulphate was 
significant at 10% level. All the coefficients are positive, implying that 1% increase in 
soil and road dust will increase 6.2% and 4.9% of PM10, respectively.  

 
� After adding the interaction between soil and road dust given the fixed effects, 

interestingly, both road dust and soil were found to be significant at 1% and 5% level, 
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respectively. In addition, the interaction between these two variables was also 
significant at 1% level. It suggests that soil, jointly with road dust, positively 
influences the concentration of PM10. 

Conclusions 

The empirical results of our research would be twofold. First, they would provide the necessary and 
scientifically based evidence to assist urban/transport planners and policymakers in understanding the 
long-ignored relationship between NEEs and the vehicle fleet, in New Zealand. And second, the 
assessment of transport policy impacts will also offer a cost-effective way to reduce NEEs, and 
identify policy drawbacks before any legislative changes. Our findings will be highly relevant for 
transport and environmental policies.  
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Overview 
This presentation explores how public utilities in Japan have achieved both growth and environmental conservation 
by using financial performance and environmental impact data from publicly traded companies of power, gas, 
transport, telecommunication, and postal services. First, the regression analyses confirm the Environmental Kuznets 
Curve (EKC) hypothesis and an inverted N-shaped curve. Second, the growing trend of Environment, Society, and 
Governance (ESG)-oriented investment and management are deciding factors; they have acted as competitive 
pressure on the public utilities for fundraising, especially in spurring them to disclose information before and during 
the COVID-19 pandemic. Third, further consideration based on ESG and total shareholders return (TSR) could 
contribute not only to environmental conservation but also to academic frontier expansion. 

Methods 
This presentation verifies the relationship between the financial performance and environmental impact data of 43 
stock-listed public utilities in Japan, employing linear, quadratic, and cubic regressions. This approach differs from 
previous studies in that the EKC and its advanced theory of the inverted N-shaped curve are applied to companies 
through accounting, rather than the conventional and traditional approach applied to countries. Sources include both 
ESG reports and annual securities reports in Japanese, which are equivalent to US Form 10-Ks. 

8 Of the 3,830 companies listed on the Tokyo Stock Exchange as of July 31, 2022, 43 were chosen from the 
electricity, gas, transportation, telecommunications, and postal services for which environmental data are available. 
However, because some companies do not disclose some of their environmental data, the calculation may be based 
on fewer than 42 companies. 

8 Dependent variables: 16 = 8 x 2 [both cases are divided and not divided by persons (per staff member)]. 
(1) ���	��;<=�����������>;<=?��(2) Scope 1 ;<=�����������(SCP1), (3) Scope 2 ;<=�����������(SCP2),  
(4) Scope 1+2 ;<=���������� (SCP1+2), (5) Scope 3 ;<=�����������(SCP3), (6) electricity consumption (ELC),  
(7) water consumption (AQU), and (8) industrial waste generation (WST).  

There are both patterns in which it is calculated on a per staff member basis and not; 8 patterns for the former 
and 8 patterns for the latter, for a total of 16 patterns. 

8 Explanatory variables: 14 = 7 x 2 (both cases are divided and not divided by persons). 
(1) net sales (SAL), (2) net income (INC), (3) earnings per share (EPS), (4) total assets (SST),   
(5) property, plant, and equipment (PEQ), (6) treasury stocks (RES), and (7) total shareholders return (TSR). 

As in the dependent variables, both cases are a per staff member basis and otherwise; that is, there are 7 
patterns for the former and 7 patterns for the latter, for a total of 14. 

8 The total number of regression formulas is 672. The breakdown is as follows; the number of linear equations 
is 112 = 8 (dependent variables) x 7 (explanatory variables) x 2 (both cases divided by persons and not).  The 
number of quadratic equations is 112 and that of cubic is 112 in 2019. The number of formulas for linear, quadratic, 
cubic in 2020 is 112, respectively, the same as in 2019. So, (112 x 3) x 2 (2019 and 2020) = 672. 

8 Environmental data for 2021 had not been disclosed by each company at the time of this application 
(September 2022). Because the data will be available after October 2022, the author intends to present the 
calculation results, including the 2021 data, in the upcoming presentation in February 2023. 

The significance level of the p-value is set at 5% (p < 0.05). Then, the regression models are as follows. 
First, ������;<=�������������������pendent variable and each variable from (1) SAL to (7) TSR is placed as 

the explanatory variable.  

@�>;<=?�B�K�Q�UV�>�-Z?�Q�[�     (1-1-1) 
@�>;<=?�\ persons B�K�Q�UV�>�-Z?�\����������Q�[���������������������������������>&-1-1P) 

The order of the explanatory variables is the same as above, only replacing the dependent variable, while 
equations (2)–(8) are omitted. 

Second, the Environment Kuznets Curve (EKC) hypothesis is examined. The hypothesis is valid when the 
����	�������>������]�^�U�_��?�	��������#
	���������>negative^�U�`��?�	�����!�����	���>��`�����?��� 

                                               @�>;<=?�B�K�Q�UVV�>�-Z?�Q�UV=�>�-Z?j�Q�[�����������������������������������������������>&-1-2) 
                          @�>;<=?�\����������B�K�Q�UVV�>�-Z?�\���������Q�UV=�>�-Z? / personsj�Q�[��������������     (1-1-2P) 

PUBLIC UTILITIES’ CORPORATE GROWTH AND ENVIRONMENTAL 
CONSERVATION: EVIDENCE FROM JAPAN 

Dr. Masao TSUJIMOTO 
Associate Professor, Japan University of Economics 

Phone: +81-3-3463-4112, Email: masao.tsujimoto@gmail.com 
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Third, the success or failure of a cubic curve is tested. It is desirable to illustrate an inverted N-shaped curve in 
investigating the relationship between growth and environmental impact. The inverted N-shape is valid in cases 
wherein the envir������	�� ���	��� �����	���� >������]�^� U� _� �?� 	�� ���� ������ �
����!� ������ >������?�� ��� �����	����
(negative^�U�`��?�	��������������
����!�������>���?�  

@�>;<=?�B�K�Q�UVV�>�-Z?�Q�UV=�>�-Z?j�Q�UV{�>�-Z?|�Q�[�                                   (1-1-3) 
                   @�>;<=?�\���������B�K�Q�UVV�>�-Z?�\���������Q�UV=�>�-Z?�\��������j�Q�UV{�>�-Z? /persons|�Q�[��� (1-1- 3P)  

Results 
�������
�����������!��	���	�����������First, linear regression analysis reveals significant monotonic relationships in 
15 cases (13.4%)  and 27 cases (24.1%) of the 112 cases tested in 2019 and 2020, respectively. The results illustrate 
a trend in which when financial performance expands, environmental impact increases in the both years. Second, 
quadratic regression analysis of the EKC hypothesis confirms the validity of 15 cases (13.4%) in 2019 and 10 cases 
(8.9%) in 2020 out of the 112 cases tested. Third, the inverted N-shaped curve analysis confirmed the validity of 1 
case (0.9%) in 2019 and 1 case (1.0%) in 2020 out of the 112 cases tested.  

Fig. 1 illustrates the explanatory variables (TSR / 
persons) on the X-axis, while the dependent variables 
(;<=����	� / persons) are on the Y-axis, revealing that the 
relationship depicts an inverted U-shaped curve with the 
turning point. And Fig.2 also illustrates the explanatory 
variables (INC) on the X-axis, while the dependent 
variable (ELC) are on the Y-axis, depicting an inverted 
N-shaped curve with the turning points.   

Detailed results and further discussion of their 
underlying factors will be provided in the 2023 
presentation; as for the significant cases confirmed in the 
EKC and the inverted N-shaped curve, ESG-oriented 
investment and management ���
��� ��� ������� }�]��������
emphasis on ESG has been functioning as the compelling 
or driving force to advance the implementation of 
environmental conservation.  

Moreover, total shareholders return (TSR) 
accounted for 6 (24.0%) of the 25 EKC hypotheses 
established in 2019 and 2020. TSR is calculated based on 
dividends, capital gains, etc. divided by the amount 
invested. Furthermore, firms above or near the 0.018 level 
are not necessarily among the top-ranked firms in terms 
of net sales, but rather among the middle or low-ranked 
firms. Therefore, TSR can be the key to establishing the 

EKC hypotheses, that is, realizing environmental conservation. The emergence of the turning points in Figures 1 and 
2 indicates the birth of the growth and environmental impact decoupling. The increasing TSR to thresholds, that is, 
JPY 0.018 in the EKC, could serve as guidelines or benchmarks for decoupling.  

Finally, the disclosure of TSR has just begun with the 2019 amendment of the Cabinet Office Order on 
Disclosure of Corporate Affairs in Japan. Previous studies have almost never used TSR to analyze environmental 
data; a TSR analysis in this presentation could contribute to expanding the research frontier not only in Japan but 
also in other countries.  

Conclusions 
A TSR- and ESG-focused approach demonstrated in this presentation could contribute toward expanding the 
frontiers of environmental economics and industrial organization theory, and environmental conservation. Therefore, 
it is recommended that the academic community keep exploring the relationship between growth and environmental 
conservation. 

References 
Each company, Environmental / ESG Reports and Annual Securities Reports.  
Tsujimoto, M (author). (2022) Conservation of the Global Environment by Developing Digital Platforms - As a 
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Overview  
Environmental pollution is one of the leading global debates, and an existential threat to humanity, due to the rise in 
the global average temperature (IPCC, 2019). The increase in temperature is associated with the meltdown of glaciers, 
especially in the high mountains of Asia (Rounce et al., 2020). In East African Community (EAC) countries (Kenya, 
Tanzania, Uganda, Rwanda, and Burundi), the average temperature is projected to rise due to continuous warming in 
the Indian-Pacific warm pool with a devastating effect on the loss of animals, crops and biodiversity (Niang et al., 
2015). There have been attempts to comprehend the causes of environmental degradation in the empirical literature. 
The seminal work of Grossman and Krueger (1991) provides a deeper examination of the effects of pollution on the 
environment.  They examined the scale effect, composition effect and technique effect as mechanisms that affect the 
level of pollution and deterioration of environmental assets. The primary research questions for the present study are 
twofold, What are the drivers of CO2 emissions in EAC countries? What kind of causal connection exists between 
CO2 emissions, the use of renewable energy, governance, urbanization, and economic growth in the EAC countries? 
The current study differs from many past studies as follows: it examines the determinants of environmental pollution 
using a multi-theoretical approach based on the EKC theory and STIRPAT model making it more robust (Liddle, 
2015).  Second, the standard Kuznets curve pollution of income model for the environment and STIRPAT model are 
integrated and broadened to take into account governance which has been ignored in EAC countries and beyond. By 
looking at how governance affects CO2 emissions for EAC countries, this study fills in this vacuum. Third, the study 
tested for common unobserved factors across EAC countries and applied the second generational panel unit root test, 
which yields estimates that are more accurate, effective, and robust in the presence of cross-section dependence (CD).  
Four, the study avoids omitted variable bias by using a multivariate framework. 

 

Methods 

The study used a panel data spanning from 1996 to 2019 to examine the   drivers of  	  emissions in EAC countries. 
Fully Moddified Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least squares (DOLS) estimators were 
employed in the study. The study's findings verified the bell-shaped EKC hypothesis.The bridged environmental 
Kuznets curve and stochastic regression on population, affluence, and technology models are used in the current study. 
Before estimating DOLS and FMOLS we first checked for cross-sectional dependence, panel unit roots, and 
cointegration. 

Results 
The study's findings verified the bell-shaped EKC hypothesis. In addition, using renewable energy and improving 
governance is key to lowering the 	 emissions in EAC countries, while urbanization promotes 	 emissions.  The 
bidirectional causal associations are exhibited between urbanization and CO2 emissions; governance and CO2 
emissions; GDP per capita and urbanization; consumption of renewable energy and urbanization; and governance and 
urbanization. In addition, a single-way causal relationship runs from CO2 emissions to renewable energy consumption; 
from GDP per capita to CO2 emissions; from renewable energy consumption to governance; and from GDP per capita 
to renewable energy consumption. 

                                                                   

DETERMINANTS OF CARBON DIOXIDE EMISSIONS: ROLE OF RENEWABLE 
ENERGY CONSUMPTION, ECONOMIC GROWTH, URBANIZATION AND 

GOVERNANCE 
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Conclusions 

The study tested for the drivers of 	 emissions in EAC countries using DOLS and FMOLS. The study's empirical 
findings enable some enlightening deductions that could have important policy ramifications. EAC countries have an 
estimated population of 300 million and a combined  Gross Domestic Product (GDP) at market prices of USD 278.1 
billion (EAC, 2022). Economic growth associated with regional integration is likely to increase pollution levels now 
and in the future, and if nothing is done, there will be no climate change reversal (Espoir et al., 2022).  However, the 
effects of global warming have a significant impact on the population (Kimaro and Mogaka, 2020). The demand for 
hydrocarbons will continue to rise under the economic regional integration (Pasara, 2019) and in turn, will result in 
more pollutant emissions. The scale effect based on the EKC, the increase in production will be associated with an 
increase in pollution but the remedy is to use green energy in the production process to curtail the level of stock 
pollutants. To address this, more money needs to be spent on renewable energy research and development, including 
wind, solar, hydro, geothermal, and nuclear. Besides, rigorous environmental legislation should go along with the 
utilization of renewable energy. Further, the EAC countries should develop cutting-edge initiatives that can slow down 
the consumption of fossil fuels in cities and cut 	 emissions and their equivalent during the protracted process of 
urbanization. Therefore, it is important to implement clean energy cooking and efficient transportation systems in 
urban areas to reduce 	 emissions. Mass Rapid Transit, such as the use of electric buses and trains, can also help 
urban areas become more environmentally sustainable in the next decades. However, without a sound institution, it is 
impossible to maintain environmental quality, since governance has the potential to decrease 	 emissions. It is 
therefore for the EAC countries to improve the quality of their governance and build strong institutions that work. 
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Overview 
Kingdom of Saudi Arabia Saudi Arabia (KSA) recognizes the importance of a diversified energy mix with the 
penetration of renewable energy to its long-term economic prosperity. On January 9, 2019, Renewable Energy Project 
Development Office (REPDO) Saudi Arabia has revised the targets of its Vision 2030 to deploy approximately 58.7 
GW of RE projects with a maximum of 40 GW of solar PV. In order to successfully implement the KSA vision 2030 
RE targets and attain its benefits, formulation of solar PV end-of-life disposal/recycling policy instruments in the 
combination of economic optimization and technology localization (TL) factors must be taken into account to 
implement KSA vision 2030 in its true spirit.  

After the successful implementation of KSA “Vision 2030” especially solar PV 40 GW targets, the most important 
issue will be their disposal at the end of life. The forthcoming challenge for the Kingdom of Saudi Arabia is the 
disposal of installed solar PV panels. It will detonate with its full force in one to two decades and ruin the environment 
because a huge amount (approximately 2.92 million tons) of wastage will be produced. Silicon-based photovoltaic 
cells contain a certain amount of toxic substances, which will create widespread toxic chemical pollution that would 
become a big environmental and health issue for the Kingdom of Saud Arabia. 

Methods 

Results 
KSA solar PV Wastage 

Kingdom of Saudi Arabia Vision 2030 Target 40 GW of Solar PV 
1 GW = 1,000,000,000 W 

Average weight of 280W PV Panel is 18.6 Kg 
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A review of existing data practices in 
other relevant administrations and if 
possible, the identification of good 
practices adapted to the specific 
roles and needs. 

Identify references and 
sources of information, 
purpose and set timeline. 

Segregate available data, 
map and review in-house 
available sources 

Listing and studying the main 
relationships on which relies to obtain 
the data from, identify nature of links 
and ways to improve data access with 
key partners 
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GW W Number of Modules Weight in Kg Weight in Tons 

1 1,000,000,000 3,571,428.57 66,428,571.43 73,224.94 

40 40,000,000,000 142,857,142.86 2,657,142,857.14 2,928,997.79 

KSA Waste Management Law 

Article No Description 

11 waste producers must reduce the waste, reuse products, and store it in the designated areas to 
conserve natural resources and materials.  

14 

It confines the extended responsibility of importers or local manufacturers for their products to 
ensure economic sustainability in the waste managing sectors and to enforce the idea of the 
circular economy. The concerned procedures and rules will be determined in the executive 
regulations for this law. 

16 and 18 

Advised the different roles and responsibilities of service providers related to waste 
management. For example,  

� Disposal service providers shall follow the national waste management center 
(NWMC) disposal methods.  

� Transporters for hazardous waste shall adhere to NWMC standards by placing warning 
labels, using appropriate transportation, and guaranteeing the presence of 
documentation during the transportation of hazardous waste. 

19 
It prohibits the import of any hazardous waste in the Kingdom of Saudi Arabia without 
authorization. It also forbids the import of recycled and used products, in addition, recycle waste, 
devices, and equipment. 

 

Conclusions 
Keeping in view of the development in the SPV installed generation capacity in the Kingdom of Saudi Arabia, it is 
obvious to formulate the proper and separate strategy for SPV modules end of life recycling and recovery. This study 
investigated the inevitability of SPV recycling by analysing the KSA's current “Waste Management Law” and it has 
been observed that there are not adequate details and information to handle SPV EoL problems. Therefore, we suggest 
and recommend that: 

� To manage the upcoming waste management challenges, separate solar PV modules end of life disposal 
policy formulation is a need of time.   

� Solar PV recycling shall be made mandatory by making manufacturers accountable for recovering materials 
from SPV modules at the end of life.  

� In addition, the government shall formulate and adopt hard-liner policies/procedures and administer those to 
force the SPV materials manufacturers to consider the pros and cons of their products on the environment.  

� Furthermore, it is also indispensable to put the responsibility on solar PV manufacturers to act dutifully and 
to outspread their responsibilities not only in SPV manufacturing but also all over the energy industry, to be 
responsible for the reuse or disposal of their products.  

In summary, the management of solar PV modules EoL and other hazardous waste is mandatory. 
 

Abstract 
Solar photovoltaic (SPV) modules “End-of-life” (EoL) will become a global source of hazardous waste. Considering 
an average SPV module life of 25 years. By 2030 the global solar SPV waste is estimated to reach between 4%-14% 
of total generation capacity and is projected to increase to around 60 million tons by 2050. The Kingdom of Saudi 
Arabia (KSA) has also promulgated its VISION-2030 with the target of a 50% renewable energy electricity generation 
mix with more focus on solar PV (40 GW) for its total power generation system by 2030. It is anticipated that 
approximately 2.92 million tons of SPV wastage will be produced and EoL disposal will also become a crucial 
environmental issue in the next decades in KSA. Therefore, it is vital to carefully investigate the disposal and recycling 
of SPV modules EoL issues and challenges. In this paper, we investigated the Kingdom of Saudi Arabia’s “Waste 
Management Law”. It has been observed that there are not enough indications to handle SPV end-of-life problems in 
existing law. Therefore, it is indispensable to review KSA's existing Waste Management Law for improvements 
regarding the recycling of solar PV modules at end of life and the environmental performance of the PV industry with 
respect to recycling its products. 
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Overview 
This research is devoted to the analysis of the experience of South Korea in the establishment of the “hydrogen 

economy” – an economic and industrial structure using hydrogen as the main source of energy supply. Since the early 
2000s, the country aimed at introducing hydrogen into different sectors of its economy. However, this process was 
not smooth. In the paper, we explain, why Korea’s first “Master Plan for Realization of Environment-Friendly 
Hydrogen Economy” unveiled in 2005, failed to achieve its targets. We describe the evolution of the motivation of 
the key Korean stakeholders to introduce hydrogen over time (from attempts to avoid risks of the “peak oil” and 
energy diversification in the early 2000s to managing emissions in the 2020s). We also show what main lessons the 
country learned along the road, and how it builds upon them now. 

The Paris Agreement of 2015 gave a new impetus to South Korea’s hydrogen plans, which have been well covered 
in several key documents over the last few years. However, achieving a hydrogen-based energy system, which is 
called a “hydrogen economy”, is in the very early stage of development and faces a lot of technological, infrastructural, 
and economic challenges.  

South Korea has limited possibilities for producing clean and low-carbon hydrogen domestically. Therefore, 
historically being a country heavily dependent on energy imports, even after the introduction of hydrogen in its energy 
system, South Korea is set to continue being a large-scale importer of energy. In this context, the paper argues that 
South Korea should continuously seek international cooperation to secure a stable supply of carbon-free hydrogen and 
solve technical challenges along the whole hydrogen value chain. Through international cooperation, South Korea 
will not only need to seek hydrogen supply but also end-user markets for H2 vehicles and fuel-cell products. 
Strengthening the partnership between South Korea and traditional energy exporters like the Kingdom of Saudi Arabia 
will provide vast opportunities to both countries in this fledgling but fast-developing new market.  

At the same time, South Korea is anticipated to become one of the key players in the formation of the hydrogen 
market with strong government support and active initiatives from the private sector. The detailed analysis of the 
country’s hydrogen strategies and the current status of development of the hydrogen economy provide a meaningful 
understanding of the present and future of the hydrogen industry in the country and lessons to learn for the other 
countries planning to bet on hydrogen. 

 

Methods 
This research uses a case study method to analyze the role of hydrogen in the economic, environmental, and 

strategic goals of South Korea’s energy sector. We analyse the country’s aims and strategies regarding hydrogen 
enshrined in several key documents over the last few years, as well as the experience of its industrial companies. 

The experience of South Korea is important for both energy importing countries that are undergoing the process 
of the energy transition, and energy exporting countries that need to understand the strategies of their customers 
attempting to diversify their energy balances.  

 

Results 
The research results show that from its unsuccessful experience the country carried out 2 main lessons. First, to 

achieve long-term nation-scale targets, all the plans and support must be carried out simultaneously and continuously 
for decades at all levels of regulation (both nationwide and local). Second, hydrogen should make economic sense and 
be price-competitive so that it could expand its presence in the market without long-term government support. 

                                                                   

HYDROGEN ECONOMY DEVELOPMENT IN SOUTH KOREA: LESSONS TO LEARN 
 

Jinsok Sung, Hankuk University of Foreign Studies, +82-10-3382-8515, jinsok.sung@hufs.ac.kr 
Zlata Sergeeva, King Abdullah Petroleum Studies and Research Center (KAPSARC),  

+966-56-704-1645, zlata.sergeeva@kapsarc.org 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

n
v

ir
o

n
m

e
n

t



200

We also show that international cooperation is key to achieve the targets set by the South Korean government – 
and traditional exporters of energy to South Korea like Saudi Arabia are likely to occupy the emerging hydrogen niche. 

 

Conclusions 
The paper presents lessons to learn from South Korea’s experience to introduce hydrogen economy. It also argues 

that South Korea should continuously seek international cooperation to secure a stable supply of carbon-free hydrogen 
and solve technical challenges along the whole hydrogen value chain. Through international cooperation, South Korea 
will not only need to seek hydrogen supply but also end-user markets for H2 vehicles and fuel-cell products. 
Strengthening the partnership between South Korea and traditional energy exporters like the Kingdom of Saudi Arabia 
will provide vast opportunities to both countries in this fledgling but fast-developing new market.  
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Overview 
Climate change has become one of the important matters that worry humanity worldwide, until local seminars and 
international conferences have been held for it at the highest levels, such as the level of heads of state. What is worrying 
about climate change is the increase in the average global temperature until it soon reaches the age of mankind, which 
has reached 1.5 degrees Celsius until the year 2033 and 2 degrees Celsius until the year 2059, as an inevitable result 
of the increase in carbon emissions resulting from electricity generation, industry and vehicle exhaust, which were 
estimated at about 1000 gigabytes of tons until the year 2060, in which the production of electrical energy contributes 
by more than 50%. On the other hand, the unjust encroachment on forests, this is the lung of the world. Since electric 
power generation is responsible for more than half of the global emissions of carbon gases, this research aims to study 
the carbon emissions resulting from electric power generation with the scenarios of Unfinished Symphony, Jazz and 
Hard Rock, and trying to reduce the carbon emissions resulting from electric power generation by replacing electricity 
generation with nuclear energy as an alternative to coal all types, as well as petroleum (fossil fuels), with the stability 
of the use of natural gas and new and renewable energies according to previous scenarios until the year 2060. The 
result was, according to the Unfinished Symphony scenario, emissions were about (591.9) Giga tons. In contrast, when 
using nuclear energy as an alternative, the contribution of electricity production by 65% cancels out the improvement 
in the amount of carbon emissions by 75.1%, with a carbon dioxide productivity of 146.8 Giga tons. According to the 
Jazz scenario, emissions were about (632.1) Giga tons. In contrast, when using nuclear energy as an alternative, the 
contribution of electricity production is 65%, which cancels out the improvement in the amount of carbon emissions 
by 75.2%, with a carbon dioxide productivity of 156.8 Giga tons. According to the Hard Rock scenario, emissions 
were about (643.3) Giga tons. In contrast, when using nuclear energy as an alternative, the contribution of electricity 
production is 65%, which cancels out the improvement in the amount of carbon emissions by 74.87%, with a 
production of carbon dioxide that amounted to 161.6 Giga tons. 

Methods 
Our estimation model is based on contribution of each energy generation source type to generate CO2. This is shown 
in table (1). The energy production in Fig. (1) illustrates each energy source contribution in Unfinished Symphony 
scenario. The oil contribution is the highest one while the other contribution is the lowest which comes from renewable 
energy sources. This contribution is the same in all studied scenario but with various values in each scenario. The 
contribution of oil begins year 2021 with 6.105E+06 GWH and expected to be 7.416E+06 GWH with percentage 
21.47% more in 2060. The energy production in Fig. (2), illustrates each energy source contribution in Modern Jazz 
scenario. The oil contribution still represent highest one. The contribution of oil in this scenario begins year 2021 with 
6.124E+06 GWH and expected to reach 8.389E+06 GWH with percentage 27% more in 2060. While analyzing the 
last (HR) scenario in Fig. (3), it is found out that oil contribution in energy production is expected to be 8.867E+06 
GWH with percentage increase about 30.8%. The global emission related to the present scenarios and their present 
contributions are shown in figures (7), (8) and (9). 
The emitted CO2 in case of Unfinished Symphony scenario for coal source is 6.867 Giga tonnes and from oil source 
is 5.377 Giga tonnes in year 2060, while the total accumulated CO2 emission is 592 Giga tonnes. Regarding the other 
scenarios, it is illustrated that it is more in case of Modern Jazz with total accumulated predicted value 632 Giga tonnes 
and 643 Giga tonnes in case of Hard Rock in year 2060.  

Results 
The emission factor of CO2 for each scenario is predicted according to the following table: 
 

Factor 
KgCO2/kWh 

Unfinished Symphony Modern Jazz Hard Rock 

Previous model 21.55 20.35 19.59 
Proposed model 5.344 5.046 4.919 
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It is noticed, when we compare previous model and developed proposed model in the end of year 2060 that the 
emission factor is 21.55 kgCO2/kWh in present unfinished Symphony and reduced to 5.344 kgCO2/kWh. In case of 
Modern Jazz it reduced from 20.35 in previous model to 5.046 in developed model and finally from 19.59 to 4.919 in 
Hard Rock scenario. Enhancements are relatively illustrated in table and emission factors that indicates great 
difference in values towards less pollution which encourage countries to convert most dirty energy generations to 
nuclear energy generation in future. 

Conclusions 
Due to global electricity demand increases gradually and annually about 3% towards 2060, the nuclear, natural gas 
and renewable energies production is proposed to meet a majority of the increase in energy demand instead of coal 
and crude oil. The climate change represents main challenge and considered the main incentive factor that leads the 
world to find out effective solution. Three standard scenarios are applied in our model; Unfinished Symphony, Modern 
Jazz and Hard rock respectively. Using nuclear power technology source is our choice and proposal to generate energy 
instead of coal and fossil fuel to reduce CO2 emissions. This proposed model expects reducing CO2 emission in 2060 
for Unfinished Symphony scheme from 592 to 147Giga tonnes. For Modern Jazz it is expected to reduce CO2 emission 
from 632.1 to 156.8 Giga tonnes finally in Hard rock scheme it is reduced from 643.3 to 161.6 Giga tonnes. So it is 
concluded that replacing coals and fossil fuel sources with nuclear energy technology is a good solution to reduce 
global CO2 emission in the future 2060, which is found out very efficient and effective towards climate changes 
enhancement, so employing more nuclear power reactors with intensive safe technology will encourage countries 
converging to this technology and satisfies global world energy demands and also combats global warming. 
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Overview 
While quite overlooked in the induced innovation literature, low-carbon technical change for the building sector presents 
interesting features. First, the sector is a major contributor to current levels of pollution. In 2019, 21% of the world’s final energy 
consumption and 6% of the world’s CO2 emissions were attributable to the residential sector. Thus, low-carbon innovation for 
buildings represents an opportunity to decrease the cost of future emissions abatement. Second, as specified by Urge-Vorsatz et 
al. (2016), low-carbon solutions for buildings generate overlapping benefits above economic and environmental issues. Among 
other co-benefits we can cite improvement of well-being and sanitary levels of dwellings, increase in ”green” employment and 
decrease of employment in fossil energy sector, increase in disposable income for households, increase in energy security and 
sovereignty. Thus, low-carbon technical change for buildings provides environmental, economical, social, sanitary and 
geopolitical benefits. However, it is well established that technical change is not directed toward clean technologies under natural 
market conditions. The absence of price for polluting activities along with existing positive knowledge spillovers do not bring 
enough incentives for firms to innovate in low-carbon technologies. Moreover, Acemoglu et al. (2012) highlighted the existence 
of path dependencies toward dirty technologies when a country historically invested in that sector and build a stock of knowledge 
making future dirty innovations more profitable. In this context the aim of the present paper is to assess the potential of several 
environmental public policies to redirect technical change toward low-carbon technologies in the building sector. 

Methods 
We use a count model for patents aiming to reduce CO2 emissions in buildings filed at the French office or through a EP or PCT 
procedure designating France from 1970 to 2019. France is chosen for its diversity of environmental policies among which 
carbon tax, energy standards for buildings, energy efficiency policies and R&D public support. The major contribution of the 
paper is the use of a Distributed Lag non-Linear Model (DLNM) to relax simultaneously two kind of implicit assumptions 
commonly made when estimating relationship between environmental policies and low-carbon technical change. On the one 
hand, we allow effects from policies to be non-linearly distributed across time rather than occurring punctually with a unique 
delay. On the other hand, we allow effects from policies to be non-linearly distributed across the level of the policy. For instance, 
������������������\������������������Ï������}������������������\����������\������$�{#���$��#����#���$�Ð��� and to have different effects 
on patents depending on the level from where the increase starts. 

Results 
The first important result is that while higher household energy expenditures in buildings induce more low-carbon patents, there 
is a concave relationship implying that too high levels of expenditures does not induce more clean innovations. We explain it by 
the lower level of disposable income and demand for low-carbon technologies associated with highest levels of energy 
expenditures for buildings. Second, it appears that French energy standards for buildings are the main driver for clean innovations 
with 110% more patents induced. However, standards have to be flexible and more and more stringent to generate incentives to 
innovate. Third, energy efficiency policies are also an important driver, especially subsidies and zero-interest loan for energy 
efficient investments. Fourth, we show that direct public support to R&D in energy efficiency is of too low levels to induce 
significantly low-carbon innovations. Also, we find an interesting negative association between the level of public support to 
nuclear R&D and the level of low-carbon technical change for buildings either explained by R&D inputs substitutions or by the 
decreasing pressure to find low-carbon solutions for end-users as the electricity production become ”cleaner”. 

Conclusions 
The results are of primary importance for decision makers. If their objective is to promote clean innovation in order to contract 
future CO2 emissions, the price instrument (proxied by household energy expenditure in our study) must be used with caution. 
Too high a price of CO2 could have effects opposite to those expected by reducing the purchasing power of households and the 
incentives to innovate coming from the market. Instead, policymakers should focus on outcome-oriented rather than means-
oriented energy standards and make them broader and stricter over time. Finally, energy efficiency policies such as subsidies or 
interest-free loans are all instruments for increasing demand and incentives to innovate towards low-carbon technologies. 
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Overview 
Fossil fuel is one of the most harmful environmental factors due to carbon dioxide emissions. The CO2 

emission causes global warming urges the world to look for renewable energy sources that are environmentally 
friendly and sustainable. Green hydrogen is one of the promising sources of clean energy. Many countries and 
companies have begun to invest in the green hydrogen economy. The Kingdom of Saudi Arabia targes to be the world's 
largest producer and exporter of green hydrogen to maintain its position as the world's largest energy source, as stated 
in the Green Saudi Initiative. All this interest in green hydrogen utilization will decrease costs and prompt investors 
to invest more in its research and development.  

Saudi’s General Authority of Civil Aviation (GACA) aims to reduce its carbon emissions in Saudi Airports 
to achieve zero neutrality by 2060 in line with Green Saudi Initiative [1]. Therefore, in this study, the economic 
feasibility of a project to charge 45 electrical baggage tractors in airports using green hydrogen will be accomplished 
with a project lifetime estimated to be 20 years. A diesel tractor emits 118 tons of carbon dioxide [2], and charging 
one electrical tractor from the power grid will indirectly emit 35.2 tons of carbon dioxide annually. Using green 
hydrogen with fuel cells is one of the most effective ways to produce electricity with zero carbon emissions. Table 1 
compares current and proposed scenarios. 
 

Table 1: Comparing the current scenario with the proposed scenario 
 Scenarios 
 Current Proposed 
Power generator Fossil fuel Power grid Fuel cell 
Tractor engine Diesel Electrical Electrical 
Overall efficiency 45% 45% 56% 
CO2 emission per tractor 118.0 tons CO2/year 35.0 tons CO2/year 0.00 tons CO2/year 
Initial cost  Low Medium High 
Maintenance Frequently Rarely Rarely 

Methods 
Polymer Electrolyte Membrane Fuel Cell (PEMFC) uses green hydrogen to react with oxygen to produce 

electricity and emit only water vapor. The tractors require 360.0 kW of power to be charged. Therefore, the PEMFC 
needs to be split into stacks of cells to avoid blockage in the cell due to the high current density required, the stack 
will be 10.0 kW connected in series and charging the batteries four times daily. 
 

 
 

Figure 1: Flowsheet of Polymer Electrolyte Membrane Hydrogen Fuel Cell 

 
Based on our PEMFC system design shown in Figure 1, with a power factor of 0.751, the rest is used to 

operate the system’s equipment to make the station stand-alone. According to a cost analysis from National Renewable 
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Energy Laboratory, the system price is $4,750.0 for each kW [3]. For the operating cost, the hydrogen price was set 
at $2.77 per kilogram [4], with the hydrogen price decreasing at a rate of 3.5% annually to reach $1.36 at the end of 
the project's life. The system will be maintained every five years and will cost 6.0% of the system cost. The project 
will achieve its profits by saving the cost of electricity and avoiding the carbon price tax by reducing carbon emissions. 
The global average electricity price is estimated at $0.15 per kWh, increasing at a rate of %2.5 annually to reach $0.24 
by the end of the project [5]. The global carbon price average is estimated at $35.14 per ton of CO2, increasing by 
9.1% annually, to reach $200.58 by the end of the project [6]. 

Results 
The study assumed the station would be constructed in 2023 to run in 2024 and continue operating until 2043. 

A system of 479.44 kW will be needed based on the net power output of the PEMFC. Therefore, the system cost will 
be $2.277 million. The system's net power generated annually is 3,153.6 MWh using 289.54 tons per year of hydrogen. 
Establishing this project will cut 5,309 tons of carbon dioxide emissions annually if diesel tractors are used and 1,583 
tons of carbon dioxide if the power grid charges electrical tractors. The project will start making profits in its 7th year 
and will reach the break-even point in 18 years, as shown in Figure 2. 

 
Figure 2: Cashflow of the system 

Conclusions 
Although the objective of the project is not for economic purposes, the project will make a profit in long 

term. Establishing this project contributes to achieving Saudi’s goals of zero carbon emissions, strengthening the 
Green Saudi Initiative, and pushing the wheel of investment in the green hydrogen economy and clean energy. The 
target stated by the department of energy in the US is to make the PEMFC power factor reach 0.833 [7], which pushes 
the research and development to decrease the system’s power loss, and our design is close to this target. Establishing 
this project will be equivalent to planting 73,000 middle-aged trees, which has a significant impact.  
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Overview 
This paper empirically evaluates the effect of renewable and non-renewable energy consumption on 

environmental degradation (CO2 emission). A spillover effect may occur when emission occurs in one location and 
then travels to a location that is adjacent to it. Similarly, renewable and non-renewable energy consumption also have 
a spillover effect on neighbouring locations. In the theoretical literature, this phenomenon is known as spatial 
dependence and ignoring such dependence might produce biased results in empirical examination. Therefore, the 
current study applies spatial econometric techniques to determine the spillover effect of renewable and non-renewable 
energy on environment under the Environmental Kuznets Curve (EKC) framework.  Using a global sample of 96 
countries over the period 1990-2014, the results show that EKC hypothesis holds with the presence of a significant 
negative impact of renewable energy and a significant positive impact of non-renewable energy on CO2 emissions. 
Additionally, the spillover (indirect) effect of renewable energy consumption on CO2 emissions is found to be greater 
than the direct effect. However, non-renewable energy has a positive impact on CO2 emissions with a lower level of 
spillover effect. From a policy perspective, it stresses that increasing renewable energy sources will not only benefit 
to that country but also have a spillover effect on its neighbouring country.  

Methods 
Our empirical strategy starts from a simple econometric model by using EKC framework (Kuzents, 1955). Under 

EKC hypothesis, environmental degradation (CO2 emission) increases with growth (GDP) but declines after reaching 
maximum levels. Then we augment the traditional EKC framework by using renewable and non-renewable energy 
together with GDP. Moreover, we used spatial econometric techniques to quantify the direct and indirect (spillover) 
effects of renewable and non-renewable energy consumption on environmental degradation. For the spatial model, we 
need balanced data, therefore, our sample consists of 96 countries across the globe.  

Results 
Before proceeding with the regression, we need to formally test, whether there is a spatial dependence among the 

variables of interest. For neighbourhood definition, we used the nearest neighbour definition for constructing the 
weight matrix for the neighbourhood. Particularly, we used 3 to 5 nearest neighbours to construct the binary weight 
matrix. After defining the weight matrix, Moran I and Geary’s C tests are performed on each variable. Both Moran 
and Geary tests confirm the presence of spatial dependence among all variables, however, the test for trade variable 
is marginally significant in cross-section setup but significant in panel setup.  After testing the spatial dependence, we 
applied a spatial econometric regression model to evaluate our model. In general, there are various types of spatial 
econometric models used in the literature (for detail, see Anselin and Bera, 1998; LeSage and Pace, 2009). For 
instance, SAR (spatial autoregressive model), SLX (Spatial Lagged X model), SEM (spatial error model), SDM 
(spatial Durbin model), and SDEM (spatial Durbin error model). The choice from these models is based on Likelihood 
Ratio (LR) test that is performed on the parameters of these models and we selected SDM model. The results from 
SDM model shows that the spillover effect of REC on CO2 emissions is greater than the direct effect, which indicates 
that if there is a high level of REC in the neighbourhood, it will reduce the amount of CO2 emissions in the current 
country. In contrast, the direct effect of NREC is more than the spillover effect, which means that country’s CO2 
emissions will rise more due to the high level of NREC in the same country. These results also suggest that political 
bodies including energy planners, NGOs, international cooperation agencies and associated bodies in these countries 
perform together to increase the investment in renewable energy resources. This action will not only increase the 
amount of energy but also produce a lower amount of CO2 in these countries.  

 

 

 

                                                                   

EVALUATING SPATIAL SPILLOVER EFFECTS OF RENEWABLE AND NON-
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Conclusions 
This study investigated the impact of energy consumption on environmental degradation using the Environmental 

Kuznets Curve (EKC) framework. We have used energy consumption in the form of two different energy concepts 
i.e. renewable energy consumption and non-renewable energy consumption. Additionally, we applied the spatial 
econometric method to examine the environmental Kuznets curve for CO2 emissions by controlling the 
neighbourhood effects. Since there is a spatial dependence among the sources of CO2 emissions, therefore, ignoring 
such effect might lead to biased results. This study applied both Moran and Geary tests confirm the existence of spatial 
dependence among all variables, however, test for trade variable is marginally significant in cross-section setup but 
significant in panel setup. The results of the study show that the spillover effect of REC on CO2 emissions is greater 
than the direct effect, which indicates that if there is a high level of REC in the neighbourhood, it will reduce the 
amount of CO2 emissions in the current country. In contrast, the direct effect of NREC is more than the spillover 
effect, which means that country’s CO2 emissions will rise more due to the high level of NREC in the same country. 
These findings also suggest that political governments including energy planners, NGOs, international cooperation 
agencies and associated bodies in these countries can work together to increase the capacity of renewable energy 
resources. It will help to produce a lower amount of CO2 emissions in these countries 
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Saudi Aramco: Company General Use 

 

Overview 
Oil and Gas remain critical components of the world’s energy supply mix and there is an increasing need for 

minimizing the environmental impact associated with hydrocarbons. To address the trilemma of sustainability 
issues, including resources depletion, waste accumulation and ecosystem degradation, Abqaiq Plants, where over 
5% of global oil production is processed, has established and embedded a systematic Circular Economy program for 
identifying business opportunities to reduce environmental impacts and GHG while improving economic and 
environmental sustainability.  

 

Methods 
A robust program, driven by an empowered team, developed initiatives covering the entire life cycle of plant 

operations. These initiatives target how systems are designed, promote and leverage circular economy processes, 
encourage sustainable consumption, and aim to ensure that waste is prevented and assets used are kept in service for 
as long as possible. The plan is built on PDCA model to drive constant improvements and is comprised of various 
steps starting from establishment of CE charter and ending with continuous improvement through Circularity 
assessment.  

 

Results 
A comprehensive, multi-pronged implementation of circular economy has led to a transformation of the facility 

and yielded economic benefits alongside environmental benefits. These include: 

� Re-utilizing Closed drain vessels resulting in reduced raw material requirements, associated emissions and 
savings of $30MM 

� Re-purposing mothballed piping to achieve process flexibility and savings of $3 MM 

� Implementing repair vs replace strategies to extend asset life and yielding $1.5 MM in savings 

� Reducing gas combustion by utilizing available waste streams to modify compressor drivers resulting in 
fuel gas and emission reductions.  

 

Conclusions 
The success of the program hinged on key enablers including developing human capital through awareness, 

training and upskilling as well as robust strategic planning embedded in energized work processes. This submission 
showcases the challenges and successes of adopting circular economy into a 70 year old facility to achieve the 
highest levels of environmental stewardship.  
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Baseline greenhouse gas forecasts for Saudi Arabia  AA Gasim, LC Hunt & JI Mikayilov Page 1 of 2 

Overview 
As a party to the Paris Agreement, Saudi Arabia submitted a baseline target to reduce its emissions as part of its 

nationally determined contribution (NDC). Baseline targets rest on the development of a baseline emissions scenario. 
Saudi Arabia’s baseline scenario has not yet been made publicly available. In this paper we use two different 
econometric methods within a univariate framework to develop baseline greenhouse gas (GHG) emission forecasts, 
extending current drivers, trends, and policies into the future without the need to make assumptions about factors such 
as economic growth in the coming decades. The different methods are used since they provide a robustness check, as 
each method has its strengths and weaknesses. We therefore combine both methods by averaging to generate our 
baseline GHG emissions projections for Saudi Arabia.  

Methods 
As far as we are aware, neither the STSM nor Autometrics have been used for GHG baseline forecasting. We use 

these two methods given their ability to explain the data with a combination of trends and interventions. These 
interventions can capture the effects of shocks and policy changes on GHG emissions, and their omission could lead 
to biased estimation results. Although both the STSM and Autometrics capture interventions, they differ in the way 
in which they do so. 

To ensure comparability between the methods, we start the estimation procedure with a consistent general 
univariate model. In both approaches, we model the natural logarithm of the different GHG emissions (carbon dioxide 
– CO2, methane – CH4, and nitrous oxide – N2O) denoted generally by lower-case #�#�, where " denotes the year. 
Four lags of the dependent variable are included to capture autoregressive behaviour in the general equations, and a 
‘preferred’ or ‘final’ equation is obtained by adding statistically significant interventions (also known as dummy 
variables) and dropping the insignificant right-hand side variables while monitoring an array of diagnostic tests. The 
preferred estimated equations are then used to produce the baseline projections of the different GHG emissions for 
Saudi Arabia to 2060 with the final projections for each GHG being the average of the STSM and Autometrics 
projections, consistent with Enders (2015). 

The Autometrics multipath-search machine-learning algorithm (Doornik and Hendry, 2018) is applied to the 
General-to-Specific (Gets) Modelling approach (Hendry and Doornik, 2014). This identifies potential interventions 
caused by policy changes and shocks, whose omission might cause biased estimation results. It automatically assigns 
one-time pulse, blip, change in level, and break in trend dummies to each observation and chooses the significant ones 
by utilizing the block-search algorithm. The Autometrics general specification utilised is therefore given by:  

#�#� � �	 
 ��#�#��� 
 �#�#�� 
 ��#�#��� 
 ��#�#��� 
 , ¡�S� ��W� 
 , ¢�S� W�W� 
 , ��S� V��W� 
 , £�S� J�W� 
 �� (1) 

where ��W� is an Impulse-Indicator, W�W�is a Step-Indicator, V��W�  is a Differenced Impulse-Indicator Saturation, and 
J�W� is a Trend-Indicator.  ��� ¡�� ¢�� ��� £� are regression coefficients to be estimated; and �� is a random error term 
BAZ�VA<D� ¤¥?. 

The STSM models GHG emissions using a stochastic trend, which captures long-term movements in time series 
variables and can be extrapolated into the future (Harvey, 1989). For consistency the STSM general specification is: 

#�#� � 6� 
 ��#�#��� 
 �#�#�� 
 ��#�#��� 
 ��#�#��� 
 �� (2a) 

where �� are regression coefficients to be estimated, 6� is a stochastic trend (or time varying intercept) and ��is a 
random error term BAZ�VA<D� ¤¥?. The stochastic trend is made up of a level ¦� and a slope .�, which are defined as 
follows:  

¦� � ¦��� 
 .��� 
 �� (2b) 
.� � .��� 
 §� (2c) 

where ��BAZ�VA<D� ¤̈? and §�BAZ�VA<D� ¤©? are mutually uncorrelated random disturbance terms. If the variances of 
either �� or §� are found to be zero, that component of the trend becomes deterministic. If both hyperparameters are 
found to be zero, the stochastic trend collapses into a deterministic trend.  Like Autometrics, different types of dummy 
interventions can be identified and added to the model (Harvey and Koopman, 1992). These interventions capture 
important breaks and structural changes at certain dates during the estimation period. These interventions can be 
incorporated into the stochastic trend, which can be defined as follows:  

6� = ¦� + irregular interventions (�%%�) + level interventions (�()�)+ slope interventions (W)'�) (2d) 

Baseline greenhouse gas forecasts for Saudi Arabia using the Structural Time 
Series Model and Autometrics 
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Baseline greenhouse gas forecasts for Saudi Arabia  AA Gasim, LC Hunt & JI Mikayilov Page 2 of 2 

Results 
The estimated preferred models for CO2, CH4, and N2O emissions for Saudi Arabia for both econometric 

techniques are given below: 

CO2 (1984-2019) Autometics: � ª � � Dez«�z¬ 
 ze����¬¬¬� ��� N De~D�¬¬� �� N Dez���¬¬¬��W�®¯� (3) 

CO2 (1984-2019) STSM: � ª � � 6°� 
 De��D~¬¬¬� ��� N De±�z¬¬¬� ��� (4a) 
with the estimated trend (6°�) given by 6°� � ¦²� N DeD���¬¬¬�()�®¯  N DeD±~�¬¬¬�%%�®¯® 
 DeD���¬¬¬�()�®®� 

DeD�zz¬¬¬�%%�®®5 
 DeDz±~¬W)'		� 
 DeD~DD¬¬�%%	�	 N DeD���¬¬¬W)'	�3 (4b) 

CH4 (1988-2019) Autometics: ���³ � � ze~±~±¬¬¬ 
 De±±�¬¬¬������ 
 De�D±¬����� N Dez��z¬¬������ N
DeD�±±¬¬¬V��W�®®®NDeD«~¬¬¬V��W		 
 Dezz~�¬¬¬��W�®®�
DeDD��¬¬¬J�W	�   (5) 

CO2 (1988-2019) STSM: ���³ � � 6°� 
 De�~~~¬¬¬������ N De�DD�¬����� 
 De~~�±A¬¬¬´������   (6a) 
with the estimated trend (6°�) given by 6°� � �e±�D±¬¬¬ 
 DeDz±D¬¬¬" N Dez�~¬¬¬�%%�®¯® N DeD�±�¬¬¬�%%�®®® N
DeD���¬¬¬�%%		®  (6b) 

CH4 (1984-2019) Autometics: 2 ª � � De«zz�¬¬¬ 
 De�±~�¬¬¬2 ��� N DeD��D¬¬¬V��W�®®3NDeD�z¬¬¬V��W�®®5 

DeD±±«¬¬¬W�W		 NDezD��¬¬¬W�W		® (5) 

N2O (1984-2019) STSM: 2 ª � � 6°� 
 De«D�¬¬¬2 ��� (6a) 
with the estimated trend (6°�) given by 6°� � ¦²� N DeD�~±¬¬¬�%%�®®3 N Dezz�±¬¬¬�()		¯  (6b) 

Where, the ¬, ¬¬, and ¬¬¬ represent coefficients’ significance at the 10%, 5%, and 1% levels, respectively and ¦²� 
represents the estimated level components of the trends. Each of these estimated equations are used to project 
emissions for Saudi Arabia up to 2060 and a simple average taken for each GHG to represent the baseline scenario 
given in Figure 1 with their 95% confidence intervals. 

Figure 1 

   

Conclusions 
Our baseline projections suggests that if current trends, drivers, and policies in 2019 were extended into the future 

and no further policies to curb emissions were undertaken, for Saudi Arabia, CO2 emissions would grow from 540.4 
Mt in 2019 to 651.2 Mt by 2030 and 944.4 Mt by 2060, CH4 emissions would grow from 117.5 MtCO2eq in 2019 to 
137.5 MtCO2eq by 2030 and to 197.2 MtCO2eq in 2060, and N2O emissions would grow from 18.6 MtCO2eq in 2019 
to 22.4 MtCO2eq by 2030 and to 33.7 MtCO2eq in 2060.  

Of course, there are large uncertainties around these estimates; nevertheless, the finalized projected baseline 
scenarios will be valuable tools for policymakers, providing an indication of the efforts needed to achieve Saudi 
Arabia’s climate goals, in the near and long terms, and illustrating how much those efforts could push Saudi’s baseline 
GHG emissions onto a more sustainable pathway. 
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Overview 
Women's empowerment stimulates further development, enabling a virtuous cycle (Duflo, 2012). Duflo (2012) 
explains that female empowerment and economic development are closely related in multiple directions, where 
development can drive down inequality between men and women and empowering women can drive development. 
Making progress in either of these will set a virtuous cycle in motion. The persistence of gender inequality is most 
stark in sub-Saharan Africa, where 6 million women are missing every year. Women in developing countries face 
severe excess mortality but also meet differential impacts throughout their lives and before birth in many domains 
compared to their male counterparts. For every missing woman, even more, women lack education, jobs, and political 
responsibility that would have been obtained if they were male (Duflo, 2012). Diebolt and Perrin (2013) describe a 
virtuous cycle between female empowerment, human capital accumulation and endogenous technological progress, 
which triggered the demographic and economic transition.  
 
Women and girls face distinct vulnerabilities stemming from cultural norms and lower socioeconomic status, further 
exacerbated by climate change. Domestic roles make women disproportionate users of natural resources, like water 
and firewood. Increased workloads also result in girls being pulled from school to help with the labour burden. Crop 
failure due to sporadic rainfall often results in selective malnourishment of girls and women, more pronounced in 
cultures where men eat before women. Malnourishment increases the risk of infections having severe health 
implications, and girls and women often do not have the means to access or pay for treatment (Kangas et al., 2014). 
Neumayer and Plümper (2007) show that natural disasters also have gender implications, claiming more women than 
men, which increases with the intensity of the natural disaster and lower socioeconomic status of women. Climate 
change affects men’s and women’s assets and wellbeing differently in agricultural production, food security, health, 
water and energy resources, climate-induced migration and conflict and natural disasters caused by climate change 
(Goh et al., 2012).  
 
The main purpose of this paper is to analyse the impact of climate change on female empowerment in climate-
vulnerable areas. In order to exploit sub-national variation linked to areas with different degrees of climate change 
vulnerability, individual-level empowerment metrics are constructed using the Demographic and Health Surveys 
(DHS).  
 

Methods 
Female empowerment has been defined as the “process by which women gain power and control over their own lives 
and acquire the ability to make strategic choices” (EIGE, 2016). Female empowerment is often examined under the 
capability approach, which formulates a framework that regards human development as a process and follows the 
following dimensions: resources, capabilities, institutions, and functionings (Sen et al., 1997).  
 
Following Rettig et al. (2020)’s methodology, this study constructs a Female Empowerment Index (FEMI) for all 
available DHS datasets. FEMI is built for women aged 15-19 years old and includes six empowerment dimensions, 
namely: Violence against women, Employment, Education, Reproductive healthcare, Decision making, and access to 
Contraception. FEMI is calculated as the mean proportion of positive outcomes in the six categories, where zero 
represents low levels of empowerment and one represents high levels of empowerment. The first objective is to 
evaluate the outcomes of each dimension of FEMI for each region nationally. Furthermore, to investigate the 
deterministic characteristics of female empowerment beyond the dimensions of FEMI, including occupation, income 
level, age, ethnicity, language, religion, rural vs urban, distance from the coast, individualistic vs collectivist societal 
structure, historical disease, historical plough use, history of hunter vs gatherer, slave-trade exposure and historical 
crop domination. Secondly, subnational variation within countries will be considered for a more in-depth perspective 
of FEMI mutation across provinces/states/regions.  
 

                                                                   

DOES CLIMATE CHANGE AFFECT FEMALE EMPOWERMENT?  
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Selected DHS datasets have accompanying geographic information systems (GIS) data, which records geographic 
information for respondents. GIS data allows researchers to link health data with health facilities, like local 
infrastructure and environmental conditions. The groupings of households that participated in the survey are geo-
referenced clusters. The GPS readings for most clusters are accurate to less than 15 meters. To ensure respondent 
confidentiality, GPS coordinates are randomly displaced so that an urban cluster contains a minimum of zero and a 
maximum of two kilometres errors. The GIS data gives relatively accurate location data on each respondent that can 
easily be linked to the associated FEMI value. Furthermore, the DHS also provides Geospatial Covariates datasets 
which link cluster locations to ancillary data, which contains population, climate and environmental factors. In 
essence, individuals are linked with GIS and geospatial data. Population density, infrastructure development, and 
poverty levels, amongst others, can significantly impact the vulnerability of specific areas to extreme weather, flooding 
and other effects of climate change. Furthermore, the DHS collects many indicators for informing resilient climate 
development, which allows for vulnerability mapping and constructing an index of climate vulnerability/resilience 
(Guzmán, 2013). Geospatial Covariates allow for exposure indicators such as the proportion of people living in 
environmentally fragile areas. Sensitivity indicators provide information on the proportion of households by physical 
infrastructure, poverty levels, infant mortality rates and prevalence of malaria in children. Where adaptive capacity 
indicators give information on the proportion of people by age, sex and education status, access to electricity and 
improved water sources, and access to medical facilities. Beyond this, the DHS data can be used to define an 
aggregated index of resilience or vulnerability, which can be mapped at the cluster level.  

Results 
Climate change affects men and women differently regarding agricultural production, food security, health, water and 
energy resources, climate-induced migration and natural disasters (Goh et al., 2012). Women are more susceptible to 
the impacts of climate change and, therefore, can worsen gender inequality (Alston, 2013). However, Odo et al. (2021) 
show that higher levels of female empowerment have a higher probability of using clean fuel as the primary energy 
source for cooking, indicating that female empowerment can accelerate the transition to cleaner fuels. Improved 
female empowerment can play a crucial role in climate change mitigation. Literature states that climate change reflects 
and reinforces gender inequality; if that is the case, areas vulnerable to climate change should reflect lower levels of 
FE (Eastin, 2018). Results will decompose individual deterministic and demographic characteristics of FEMI, 
construct a climate change vulnerability/resilience index and map individual levels of FEMI with climate change 
vulnerability geographically to investigate the effect of climate change on female empowerment.  

Conclusions 
Essential tools to empower women and girls include education; training; awareness raising, choice expansion, access 
and control over resources, and actions that transform patriarchal structures and institutions that perpetuate and 
reinforce gender inequality (EIGE, 2016). Highly persistent cultural norms and values are vital in determining gender 
inequality, gendered labour division, and economic and social outcomes for women (Davis and Williamson, 2019). 
Demographic data can assist in developing proactive and effective adaptation policies. This allows adaptation policies 
to be linked to the people most affected by climate change rather than the general perspective. Linking individual and 
community adoption, demography with geography and environmental and population dynamics (Guzmán, 2013). 
Rapid urbanisation and continuous growth of cities on coastlines move individuals towards areas of vulnerability, 
accompanied by others fleeing environmental disasters towards urban areas. Climate hazards have highly differential 
impacts shaping how individuals respond to environmental disasters. Identifying the population size, density, 
composition and characteristics of individuals exposed to climate risk are essential to adoption strategies. Climate 
change vulnerability can be mapped with socio-economic data to construct vulnerability/resilience indicators similar 
to poverty maps. The Geospatial Covariates and GIS data allow us to empirically map levels of female empowerment 
with climate vulnerability/resilience to test the associations between climate-related stressors and female 
empowerment.  
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Abstract - This paper presents roadmaps to reach net-zero emissions for the power sector in the 
Kingdom. While the Kingdom is implementing a comprehensive and articulated strategy to phase-
out liquid fuel in the utilities and deploy 60 GW of renewables by 2030, there are legitimate 
questions on pathways to decarbonize an economy that heavily relies on hydrocarbons. If 
renewable technologies are boosting the transformation of energy sectors across the world and 
particularly the power sectors, main uncertainties and challenges remain when it comes to clean 
technologies costs and climate policies.  

The power sector in the Kingdom will most likely reduce its greenhouse gases (GHG) by 40% in 
2030 if the multiple programs on renewable and liquid displacement are realized. Successful 
achievement of the net-zero will require an extra effort on deploying the right mix of clean 
technologies including various renewable technologies, carbon capture utilization and storage 
(CCUS), and electric vehicles (EVs) supported by appropriate policies and markets/prices reforms.  

Different scenarios to achieve the net-zero target in the Kingdom have been simulated using 
PLEXOS which optimizes long-term power & gas infrastructure considering environmental 
emission targets of CO2 and utilization of CO2 removal technologies. Generation and fuel mix to 
achieve the net-zero target from 2030 to 2050 will be proposed and presented with associated 
technologies and strategies to reduce environmental emissions from the power sector. Main polices 
to support the net-zero will be discussed. 

 

 

 

 

 

  
Key Words – Net-zero, CCUS technologies, hydrogen, electrification, storage, energy efficiency, 
resilience, sustainability.�
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Overview 
 

Nowadays, it is impossible to think about our world without plastics. Based on synthetic organic polymers, 
plastic malleability offers several opportunities for liquid bottles, clothing, packaging, medical supplies, electronic 
goods, construction material, toys, etc. However, these attractive characteristics of plastics for several applications 
leads to the global problem of waste plastic disposal. Some applications, such as packaging, are usually designed for 
single-use purposes, resulting in a significant amount of plastic waste generation. 

For that reason, scientists are currently looking for solutions to reduce the amount of plastic waste polluting 
the environment. Ideas such as using nano-cellulose to accelerate the biodegradation of polymers or genetics to 
increase the production of bioproducts that could replace plastic have emerged. However, such technologies are still 
in their early stages of development or deployment, yet the volume of plastics accumulated globally is already 
critical. Plastic pyrolysis technologies which enable the conversion of plastic wastes to crude oil are considered 
promising and commercially ready.  

This report aims to provide a deep analysis of the potential of plastic-to-oil technologies globally and in 
Saudi Arabia, synthesizing various points of view of the authors to compare the pros and cons of promising 
technologies. The paper will also summarize the technical challenges and possible solutions.   

Methods 
The analysis is based on data observation from different sources, resulting in investment data assessment of the 

plastic to oil potential, and presented in the final report. It also includes an analysis based on the industry's available 
bibliography. Finally, it brings everything together to synthesize the potential that the technology plastic-to-oil has 
and the challenges that this technology faces. 

 

Results 
The final report summarizes the results of the data analysis about the potential of the technology of plastics-to-

oil, providing numerical results and comparing them to the total oil production. It also summarizes the challenges and 
issues this technology faces and how they can be adequately treated. This technology can be considered as one of the 
circular carbon economy technologies of the oil industry, bringing options not only for the conversion of plastic to oil 
but also offering solutions to climate problems such as plastic disposal in the environment and profitable mechanisms 
for recycling.   

Conclusions 
� The potential of the technology plastics-to-oil under the current technology is limited, but counting on further 

technology developments, the total potential is significant.  

� Under the current recycling systems, the amount of raw material – waste plastic – collected is just a tiny portion 
of all the waste plastic generated.  

� If the technology becomes profitable, the potential to transform the industry is significant. 
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Overview 
For many countries, energy price reform (also sometimes referred to as energy subsidy reform) can unlock fiscal, 
economic, and environmental benefits. This has driven energy price reform up the policy agenda. In many energy-
exporting countries, the fall in international oil prices in late 2014 and the subsequent decrease in government 
revenue drove their reform plans. In many energy-importing countries, the rise of government debt has been the 
primary driver of energy price reform attempts. In other countries, growing concerns around climate change have 
prompted their efforts to reform energy prices. 
 
Implementation of energy price reform can be challenging for policymakers. Some attempts to reform energy prices 
have been successful, delivering fiscal, economic, and environmental benefits to those countries. Other attempts 
have led to social unrest, causing governments to backtrack and reverse the energy price increases. Surprisingly, 
there is a lack of studies on energy price reform outcomes. Studying the lessons learned from past reform attempts 
can inform policymakers currently exploring how to reform energy prices effectively. To the best of our knowledge, 
this paper provides the first in-depth, comprehensive, qualitative and quantitative analysis of global energy price 
reform episodes and outcomes. 
 
There appear to have been only three previous studies on energy price reform outcomes and determinants. In one of 
the few studies on this topic, the IMF (2013) reviewed 28 attempts to reform energy prices across various countries, 
categorizing the attempts into successful, partially successful, and unsuccessful. Of the 28 attempts, 12 were 
classified as successful, 11 as partially successful, and five as unsuccessful. The IMF (2013) then identified six 
barriers to reform: lack of information on the cost of subsidies, lack of government capacity, concerns over negative 
impacts on the poor, concerns over inflation and competitiveness, opposition from interest groups, and weak 
macroeconomic conditions. More recently, Natalini et al (2020) constructed a dataset with 59 instances of social 
unrest triggered by energy price increases, which they referred to as “fuel riots”. They then explored the 
relationships between these fuel riots and various explanatory variables, focusing on the international oil price as a 
determinant. McCulloch et al (2021) used the same dataset on fuel riots developed by Natalini et al (2020) but 
explored the domestic gasoline price as a determinant alongside the international oil price. Both Natalini et al (2020) 
and McCulloch et al (2021) applied regression analysis to understand the determinants of fuel riots, while the IMF 
(2013) study used a qualitative analysis approach. Beyond these three studies, there is little else on modelling and 
understanding energy price reform outcomes. 

Methods 
We categorize energy price reform outcomes using a definition of “success” established by Hill (2013) and 
Chelminski (2018), where they define a successful reform as one that is durable, that is, not overturned or reversed. 
On the other hand, we define an unsuccessful reform as one that is rolled back soon after it is launched, generally in 
response to social unrest. 
 
Modelling the outcomes of energy price reform requires the construction of a new dataset that includes the reform 
outcomes, along with key explanatory variables. We build this dataset through a structured manual search of news 
databases, encompassing ProQuest, LexisNexis, and Factiva, from which we extract information on the outcome of 
the energy price reform, the extent of the energy price increases, the energy products that were targeted, and so on. 
The search is conducted systematically, combining keywords and operators to maximize search precision. We 
combine these results with the results from a search on social unrest from large-scale conflict databases, including 
GDELT, ACLED, and PRIO. Finally, we add data on country characteristics, most of which is obtained from the 
World Bank. 
 
We analyze our newly constructed dataset, which includes around 200 episodes of energy price reform globally, 
using qualitative and quantitative methods to investigate the relationship between energy price reform outcomes and 
other explanatory variables. Our quantitative analysis rests on logistic regressions to investigate the relationship 
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between a binary dependent variable and a set of explanatory variables. We explore two distinct approaches within 
our logistic regression, which differ in the choice of dependent variable: 

U�TWX� � .� 
 .µ�� 
 .�µ� 
 ¶
 .g·µg� 
 �� [1] 

where U�TWX� is the occurrence of energy price-related social unrest in country 1, µ��  are the explanatory variables, 
and �� is the residual. This equation is similar to what was used by Natalini et al (2020) and McCulloch et al (2021), 
differing in the explanatory variables. The differences between our approach and the approaches used by Natalini et 
al (2020) and McCulloch et al (2021) are best illustrated through an example. Suppose Country A reformed diesel 
and kerosene prices, while Country B reformed residential electricity tariffs only. Let’s also suppose that the former 
attempt at reform led to social unrest while the latter did not. Natalini et al (2020) would attempt to measure the 
relationship between the international crude oil price and the occurrence of social unrest, while McCulloch et al 
(2021) would attempt to measure the relationship between the domestic gasoline price and social unrest. In this 
example, both Natalini et al’s (2020) and McCulloch et al’ (2021) approaches may miss the true determinants, which 
our approach would not miss, since it captures all the price increases across all energy products during the reform. 
Furthermore, our newly constructed dataset allows us to isolate the domestic price changes that occurred due to 
reform from the domestic price changes that are driven by fluctuations in global fuel prices. 
 
Our second approach sets the occurrence of a reversal as the dependent variable, with the same right-hand side 
explanatory variables: 

T� � .� 
 .µ�� 
 .�µ� 
 ¶
 .g·µg� 
 ��       [2] 

where T� is the reversal of the reform. This equation has not previously been explored in the literature.  

Results 
Analysis of our newly constructed dataset reveals the factors that increase or decrease the likelihood of a successful 
energy price reform outcome. We find that smaller energy price increases and the use of compensation both increase 
the likelihood of successful outcomes. Higher incomes, as measured by gross domestic product per capita, also 
increase the probability of success. On the other hand, we find that energy price reforms are less likely to succeed in 
lower-income countries, especially when implemented alongside price increases to other essential goods and 
services, such as food and telephone. Furthermore, when an initial attempt at energy price reform in a country leads 
to social unrest, we find that future attempts at reform, even if well-designed, will likely lead to an unsuccessful 
outcome. Finally, our analysis demonstrates that in some cases, depending on national circumstances, alternative 
policies to energy price reform may be better for achieving fiscal and environmental targets. 

Conclusions 
To the best of our knowledge, this study is the first to build a comprehensive dataset of energy price reform 
episodes, stretching from 1990 to 2022, which are subsequently used to analyze and model the determinants of 
energy price reform outcomes. Given the considerable fiscal, economic, and environmental benefits that can be 
unlocked through energy price reform, many countries are currently exploring ways to reform energy prices, even 
though it can be challenging to do so. Drawing lessons from the experiences of governments that had previously 
attempted to reform energy prices, which we do through qualitative and quantitative analyses, such as logistic 
regression analysis, can yield insights that inform the design of future energy price reform programs.  
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Overview 
The electricity generation sector contributes to climate change while at the same time being exposed to physical 

and financial risks due to climate change-related extreme weather. Thermal power plants, in particular, are vulnerable 
to abnormal air or water temperature as the turbine cycle of power generation requires an external source of water and 
air for cooling (Linnerud et al., 2011; Zamulda et al., 2013; Jalgom et al., 2014). Several studies have tried to estimate 
the effect of external temperatures on power generation. Some examined macro indicators such as electricity market 
price (Boogert and Dupont, 2005; McDermott and Nilsen, 2014), whereas others estimated the efficiency loss from 
high temperatures. However, their approaches are limited to either a time series analysis of one example unit (Ñ�� et 
al., 2018) or empirical research based on a linear impact model (Herny and Praston, 2016; Coffel and Mankin, 2021). 

This paper quantifies the impact of extreme air temperatures on power generation efficiency based on a large panel 
dataset consisting of 1,742 thermal power plants covering the period between January 2008 and December 2020. Also 
importantly, our model explicitly represents the possible nonlinear response of power generation efficiency to extreme 
temperatures, acknowledging that linear models can underestimate the physical impact of extreme weather and 
associated business risks. We expect that a precise estimation of climate impacts on physical assets like the one 
undertaken here would be a prerequisite for assessing climate-related financial risks faced by enterprises such as 
electric utilities. 

Methods 
Our study extends the semi-parametric panel fixed effect model proposed by Schlenker and Roberts (2009) to the 

U.S. power sector context. The model specifies a flexible nonlinear relationship between the temperature exposure of 
individual regions and the efficiency of power generation units in those regions, taking step functions, polynomial 
bases, and natural cubic spline approaches. In addition, individual fixed effects control for time-independent plant 
unit-specific heterogeneity in plant operation patterns. Moreover, extra explanatory variables, including time-varying, 
plant unit-specific capacity factors, and individual plant ages, are selected to control other sources of efficiency loss. 

The study draws on historical weather information from PRISM Climate Data and plant-level data from the U.S. 
Energy Information Administration (EIA). These two datasets are merged at the county and year-month levels to 
quantify the main variables. As a measure of county-level exposure to extreme temperatures, we employ the monthly 
distribution of temperatures for each county rather than the monthly average or min-max values. The open-source R 
codes for generating the distribution are provided by Ortiz-Bobea (2021). In addition, for power generation efficiency, 
we use ‘heat rate,’ which is the amount of energy input in MMBtu required to produce one kWh of the net generation. 

Results 
The preliminary results indicate that exposure to moderate air temperature does not have a statistically significant 

impact on the heat rate of electricity generation. However, exposure to temperature over a certain threshold has the 
effect of increasing the heat rate. For example, with natural cubic spline bases with six degrees of freedom, one 
additional day of exposure to 35 oC bin lowers the generation efficiency on average by a half percent (Figure 1). 
Although the exact marginal effects vary with the specification of the function and degrees of freedom of the bases, 
the existence of the impact and the nonlinearity pattern remain robust. On top of that, the study additionally estimated 
the effects in separate climate regions to consider the possible regional differences of the power plants constructed to 
adapt to the specific climates. However, the results are generally similar to those that cover the entire contiguous U.S. 
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©  
Figure 1. Nonlinear effect of air temperature on monthly heat rate of thermal power plant generators in the U.S. 

Conclusions 
Our preliminary results suggest that increasing periods with high temperatures can deteriorate the profitability of 

power plant owners as more energy should be supplied to generate the same amount of electricity. Of course, other 
critical factors, such as electricity price and system demand, can also explain profitability. Our study contributes to 
the literature on the assessment of climate-related physical risk, revealing one specific direct channel by which climate 
change can negatively influence business operations, that is, the impact of extreme temperatures on the efficiency of 
thermoelectric power generation. 
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Overview 
Saudi Arabia, a party to the Paris agreement, has committed under its new nationally determined contribution to 
become carbon net-zero by 2060. However, Saudi Arabia’s baseline emission scenario has not been made public. This 
paper uses STSM1 and Autometrics techniques to model two emission paths through a multivariate approach that 
factors in various emission impacting variables, such as GDP, aggregate energy price index, and value-added sectors. 
We forecast emission paths based on our estimated models and extend them to the future to provide two projections. 
These scenarios differ in their estimation and the underlying assumptions. Our preliminary projections assume no 
additional policies to curb emissions will be undertaken. Under these assumptions, CO2 emissions in Saudi Arabia 
would grow from 540 Mt in 2019 to 944 Mt, as a lower bound, and up to 1228 Mt by 2060, based on the chosen 
model. 
 
Methods 

To our knowledge, multivariate STSM and Autometrics has not been used for GHG baseline forecasting for Saudi 
Arabia. We take advantage of two methods to explain the data with unique abilities to capture trends and interventions 
throughout time. These interventions allow us to reflect the impact of shocks and policy change on GHG emissions, 
and their omission can lead to biased estimation. It is worth noting that while both STSM and Autometrics capture 
interventions, they differ in the approach. 

The estimation procedure starts with a consistent general model to ensure model comparability between the 
methods with both approaches modelling the natural logarithm of Saudi CO2 emissions (Mt) denoted by lower-case 
� � with a vector of drivers ¸� where " denotes the year. An autoregressive behaviour in the general equations is 
included, and a ‘preferred’ or ‘final’ equation is obtained by adding statistically significant interventions (also known 
as dummy variables) and dropping the insignificant right-hand side variables while monitoring an array of diagnostic 
tests. The preferred estimated equations are then used to produce the projections of Saudi CO2 emissions to 2060 with 
the final projections being the average of the STSM and Autometrics projections, which is consistent with Enders 
(2015). 

The Autometrics multipath-search machine-learning algorithm (Doornik and Hendry, 2018) is applied to the 
General-to-Specific (Gets) Modelling approach (Hendry and Doornik, 2014). This identifies potential interventions 
caused by policy changes and shocks, whose omission might cause biased estimation results. It automatically assigns 
one-time pulse, blip, change in level, and break in trend dummies to each observation and chooses the significant ones 
by utilizing the block-search algorithm. The Autometrics general specification utilised is therefore given by:  

� � � �	 
 ��� ��� 
 �¸� 
 ��¸��� 
 , ¡�S� ��W� 
 , ¢�S� W�W� 
 , ��S� V��W� 
 , £�S� J�W� 
 �� (1) 

where � � is the natural logarithm of Saudi CO2 emissions (Mt) in year ", ¸� is a vector of drivers in year ", ��W� is 
an Impulse-Indicator, W�W�is a Step-Indicator, V��W�  is a Differenced Impulse-Indicator Saturation, and J�W�  is a 
Trend-Indicator.  ��� ¡�� ¢�� ��� £� are regression coefficients to be estimated; and �� is a random error term 
BAZ�VA<D� ¤¥?. 

The STSM models GHG emissions using a stochastic trend, which captures long-term movements in time series 
variables and can be extrapolated into the future (Harvey, 1989). For consistency the STSM general specification is: 

� �� � 6� 
 ��� ��� 
 �¸� 
 ��¸��� 
 �� (2) 

where � � ¸�, and �� are as defined above, 6� is a stochastic trend (or time varying intercept) and ��is a random 
error term BAZ�VA<D� ¤¥?. The stochastic trend is made up of a level ¦� and a slope .�, which are defined as follows:  

¦� � ¦��� 
 .��� 
 �� (3a) 
.� � .��� 
 §� (3b) 

where ��BAZ�VA<D� ¤̈? and §�BAZ�VA<D� ¤©? are mutually uncorrelated random disturbance terms. If the variances of 
either �� or §� are found to be zero, that component of the trend becomes deterministic. If both hyperparameters are 
found to be zero, the stochastic trend collapses into a deterministic trend.  Like Autometrics, different types of dummy 
interventions can be identified and added to the model (Harvey and Koopman, 1992). These interventions capture 

 
1 STSM refers to Structural Time Series Model 
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important breaks and structural changes at certain dates during the estimation period. These interventions can be 
incorporated into the stochastic trend, which can be defined as follows:  

6� = ¦� + irregular interventions (�%%�) + level interventions (�()�)+ slope interventions (W)'�) (4) 

Results 
So far, we have estimated the two sets of models highlighted below (both for the period 1985-2019). Further sets 

will be considered. In the first set, ¸� consists of the natural logarithms of real GDP (#/'�) and the real energy price 
('�). The preliminary estimated preferred models for this set for both Autometrics and the STSM, respectively are 
given by: 

� ª � � �e~~~�¬¬¬ 
 Dez~D±¬¬#/'� N Dez~±±¬¬¬'� N DeD�«D¬¬W�W�®¯5 
 DeD���¬¬¬J�W�®® N DeD�«�¬¬¬J�W�®®� 

DeD«~�¬¬¬J�W	�3 (5) 

� ª � � 6°� 
 Dezz~¬¬#/'� N Dez~�«¬¬¬'�  (6a) 

with the estimated trend (6°�) given by 6°� � ¦²� 
 DeD�DD¬¬�%%�®¯¯ (6b) 

For the second set, in the general model ¸� consisted of the natural logarithms of Value Added for Agriculture 
($#($�), Manufacturing (*$2($�), and Services (!+%(($�), and the real energy price ('�). After testing down, the 
preliminary estimated preferred models for this set for both Autometrics and the STSM, respectively are given by: 

� ª � � N�e�z«D¬¬¬ 
 De«D��¬¬¬� ��� 
 De �~«�¬¬¬*$2($� N De ��D«¬¬¬*$2($��� N De D«�~¬¬¬'� 
 DeD«�¬¬��W		 N
DeD��¬¬¬W�W�®®	 
 DeD±±z¬¬¬W�W�®®� 
 DeD�±�¬¬¬J�W�®¯  N DeD��z¬¬¬J�W�®®5 
 DeD�D�¬¬¬J�W�®®  (7) 

� ª � � 6°� 
 De~�±¬¬¬*$2($� 
 De«���¬¬¬$#%($� N DezD�«¬¬¬'� (8a) 

with the estimated trend (6°�) given by 6°� � ¦²� 
 DeD�DD¬¬�()�®®� (8b) 

Where, the ¬, ¬¬, and ¬¬¬ represent coefficients significant at the 10%, 5%, and 1% levels, respectively and ¦²� 
represents the estimated level component of the trend. Each of the estimated equations in each set are used to 
produce projections for Saudi CO2 emissions up to 2060 and an average taken within each set to produce the 
baseline scenarios (CO2 Baseline GDP and CO2 Baseline VA) shown Figure 1. 

Figure 1 

 
Conclusions 
Our preliminary baseline projections suggest that if current trends, drivers, and policies in 2019 were extended into 
the future and no further policies to curb emissions were undertaken, for Saudi Arabia, CO2 emissions would grow 
from 540 Mt in 2019 to 944 Mt in 2060, and up to1228 Mt by 2060 based on the chosen model. It is important to note 
that there are significant uncertainties around these estimates. The finalized projected baseline scenarios will be 
valuable tools for policymakers, highlighting the efforts needed to achieve Saudi Arabia’s climate goals. It will 
illustrate how those efforts could push Saudi’s baseline GHG emissions onto a more sustainable pathway. 
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WILL CURRENT GLOBAL CLIMATE GOVERNANCE 
DELIVER?  

By: Nadhmi Alkhamis 
Phone: 0598448805 
Email: nadhmi.alkhamis@gmail.com  

THE MAIN THESIS  
The Global climate governance (GCG) that is currently pursued may face a “reality chasm” between what domestic 
actors can deliver and the Paris agreement obligations. Multilevel, multi-scalar, and multiplex governance structures 
have emerged over the years in response to the complex climate change issue. Can GCG establish the required 
influence channels on domestic actors to forge the intended energy transition toward NetZero by 2050? 

BACKGROUND 
GCG has gradually evolved from a 'top-down' model to a more inclusive model, involving to a greater extent social 
and economic partners, and over time also domestic actors, throughout the policy cycle. As time runs out to mitigate 
greenhouse gases, GCG is ‘‘���������	

�	��
’’ and that important choices lie ahead in the immediate future.  

The issue of climate change is multidimensional and cuts across several policy areas, particularly environmental, 
economic, and foreign policy. Most decisions regarding climate change made at the global level are �	�������� and 
the implementation relies on the effectiveness of GCG to influence domestic actors.  Consequently, it is reasonable 
to assume that the paradigms that operate in each of these policy areas have contributed to domestic actors’ 
understanding of the climate change problem and the most appropriate way to respond to it. 

The cross-border, cross-sectoral, and multi-stakeholder nature of many global governance initiatives has in turn 
meant that GCG has become increasingly Multilevel Governance. The network of governments was transformed 
whereby the authority of decision-making and policy planning was reallocated into a system of multilevel 
governance. The framework of domestic governance comprises modes of governing in which the state plays a less 
authoritative role, that is, modes of governing that do not exclusively rely on the sovereign authority, legitimacy, or 
sanctions of governments for their governing capacity. Thus, domestic actors have more autonomy in their own 
decisions. This means that both public and private actors are engaged in policy networks, voluntary self-regulating 
arrangements, and non-coercive forms of state governing or voluntary agreements. 

More autonomous domestic governance stakeholders are increasingly viewed as an innovative force driving climate 
change mitigation and adaptation efforts. GCG requires that in taking a coproduction approach, knowledge and 
policy innovation can transcend the domestic and permeate across all tiers of domestic and global governance. 
However, the capacity of domestic stakeholders to pursue autonomous actions is partially dependent on the delivery 
of adequate resources from other tiers of governance. Also, coordination means bringing together a collection of 
actors to coordinate their work and ensuring that the outcome promotes GCG. Moreover, uncoordinated 
autonomous actions taken by some stakeholder groups could shift risk to others if not integrating the needs of the 
wider community.  
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Resistance to domestic governance might arise from a conflict of interest between GCG goals and domestic actors 
arises. Cutting emissions depend heavily on economic activities; thereby, GCG based on domestic governance 
endows domestic actors with the potential to exert structural pressure on policymakers. Emission reductions are 
closely linked to economic activities in major industries, which influences energy-intensive industries and raises 
energy prices. 

What will motivate local actors is the potential of changing their existing business model based on a new functional 
Socioeconomic system. What will derive energy transition is market forces which will be shaped by a functional 
Socioeconomic system. The core of establishing this system is the collective efforts of domestic actors in all nations. 

National governments have started to change their initiatives to better address domestic climate change 
governance. This is illustrated in the following picture. 

 

FIGURE 1: THE LINKAGES BETWEEN DOMESTIC ACTORS AND GLOBAL CLIMATE GOVERNANCE: SOURCE: AUTHUR 

RESEARCH METHODOLOGY 
The methodology is to review multidisciplinary literature to consolidate research to answer the question about the 
effectiveness of current GCG to forge a global functional Socioeconomic system that is able to factor in local 
circumstances. 

EXPECTED OUTCOME 
The success of the Current GCG hinges on the assumption that domestic actors will act responsibly. The aim of this 
paper has been modest: to redirect academic and policy attention to the coming issue between GCG and climate 
change domestic governance and to the options for enhancing coordination. I will postulate that motivating 
domestic actors to act vulnerably is perplexing. The right mix between market forces, technological innovation, and 
governmental policies.   
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Overview 
Unless they are aware of the problems, people and entire organisations are unlikely to actively conserve energy or 
operate in an environmentally beneficial manner. Energy awareness is the understanding of the nature, composition, 
and qualities of energy as well as the comprehension of methods for using less energy. The lone person also needs to 
be motivated to work effectively and understand the value of energy conservation. According to Partanen-Hertell et 
al., energy and environmental awareness is a combination of motivation, knowledge, and skills. As a result, the Cifal 
Center and the Saudi government have launched several initiatives to increase Saudi residents' awareness of energy 
sustainability through surveys, polls, commercials, and question-and-answer sessions in the media. One of the world's 
top energy consumers is Saudi Arabia. There is a significant amount of energy waste because it is the first-largest 
producer of oil in the world and because energy costs are so cheap. More over a quarter of Saudi Arabia's energy 
production is consumed. Energy consumption in 2012 was 3.29 times higher than total primary energy production. In 
Saudi Arabia, the annual growth rate of total energy consumption from 2000 to 2012 was 5.6% (2.2% globally). 
CIFAL is an important asset in the long-term efforts of the United Nations to achieve sustainability in the Saudi 
Arabian energy sector. The most recent energy efficiency initiatives from Cifal and Saudi Arabia are consistent with 
both the nation's Vision 2030 objectives for a diverse and sustainable economy and the UN's Sustainable Development 
Aims (SDGs). The Saudi Arabian administration is aware of how crucial it is to plan efficiently and sustainably for 
both energy production and consumption. In the past 10 years, with the help of Cifal and other organisations, the 
Kingdom revised its regulations for the Saudi Electricity Company (SEC) and established the Saudi Energy Efficiency 
Center (SEEC) to promote energy efficiency and sustainable energy awareness throughout all sectors. The SEC's 
Smart Metering Project is another another significant step in the direction of energy efficiency. 

                                 

Figure 01: Saudi’s energy transition journey.               Figure 02 : Renewable energy installed capacity in Ksa 2011-2020. Source: IRENA 2021  

The SEC's Smart Metering Project, implemented to enhance electrical usage, billing, and monitoring for homes and 
businesses and help the nation move closer to achieving its Vision 2030 digitization goals, is another significant step 
in the direction of energy efficiency. As the foundation for future change, Wong contends that the first step in 
promoting energy conservation is increasing awareness of it. According to Cifal and a plethora of other studies, raising 
employee energy awareness is the most effective strategy to promote energy conservation activities. Although Saudi 
Arabians favour technological solutions, Cifal and its team continued to value human-centered strategies. Teams 
frequently lack knowledge about the effectiveness of awareness campaigns, which hinders workers from being aware 
of the issue and, ultimately, one of the causes of energy inefficiency. The main goal is to incorporate sustainability 
into Saudi Arabia's energy sector, which has been made feasible by the CIFAL Center's continued emphasis on this 
issue and the requirement for energy education and awareness programmes. 

Methods 
For the purpose of gathering and analysing the data, the study has employed a hybrid methodology that combines 

descriptive and quantitative methodologies. To discover and identify the sample population, a snowball sampling 
technique was employed. Data from the participants was gathered through an online questionnaire-based survey. After 
consulting the pertinent literature, a standard questionnaire with inquiries pertaining to the objectives was created. On 
the online survey platform Question Pro (www.questionpro.com),the questionnaire was posted and remained live for 
three months between January and March. Online polls are quicker, less expensive, and more private information is 

                                                                   

 
CIFAL CENTER METHODOLOGY IN LEVERAGING THE AWARENESS TOWARDS 
IMPROVING THE ENERGY SUSTAINABILITY  

Aiman Albarakati, Majmaah University 
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protected. Consequently, the study chose the online survey approach. After the sample participants were selected, the 
survey link was distributed via email and social media. Additionally, it was requested of the beneficiaries to let their 
nearby businesses know about the link. At the time the survey link was shut down at the end of March, 310 people 
had consented to participate in the survey and completed the shared questionnaire.The main goal of CIFAL's 
programmes in Saudi Arabia is to build and expand human capacity so that people can respond to development 
concerns like energy sustainability more effectively. CIFAL Centers use a facilitative approach with the following 
goals: Facilitate the transfer of knowledge, experiences, and best practises among government officials, business 
executives, and leaders of civil society (particularly) to 1) Enhancing the ability to carry out energy sustainability 
duties with effectiveness. 2) Promote collaboration and the formation of multi-stakeholder alliances for sustainable 
energy. 3) Offer networking opportunities that encourage city-to-city cooperation. 4) Participate in the creation of 
regional and governmental energy conservation plans. 

Results 
79.2% of respondents to an online poll conducted as part of an awareness campaign in Dammam City had heard of 
and were familiar with sustainable energy sources, compared to 20.8% who had not. The results showed that the 
respondents were worried about sustainable energy, had information about it, were aware of it, and wanted to make 
sure that Saudi Arabians understood its importance. Also revealed by the study's findings was that 71.6% of 
respondents decided to produce their own electricity using sustainable energy. According to these findings, people are 
ready to use sustainable energy in their daily life. Because they understood the benefits, the majority of respondents 
in the current study were in favour of using sustainable energy sources instead of conventional ones. 28.4% of 
respondents chose fossil fuels as their energy source, despite the fact that most respondents preferred using sustainable 
energy. These findings suggest that interested parties should implement suitable policies to increase public knowledge 
of sustainable energy. Early education is essential for helping children comprehend the need for sustainable energy 
and for guaranteeing the sustainability of environmental protection for a brighter future. A whopping 97.2% of those 
polled said sustainable energy would be beneficial, especially in terms of protecting the environment. 2.8% of 
respondents, however, didn't think sustainable energy would be advantageous, particularly in terms of environmental 
preservation. Because they thought that the KSA was moving toward renewable energy, which would help to reduce 
global warming and carbon emissions, respondents in Dammam City were aware of the benefits of sustainable energy. 
Regarding its intention to use renewable energy as part of Saudi Vision 2030, the KSA government's strategy was 
noted in the questionnaire. The government's initiatives to advance the use of renewable energy were unknown to 
70.3% of study participants. Information was gathered via friends, teachers, ads, and events. The government might 
use these discoveries, in Cifal's opinion, to promote renewable energy, which is viewed as an inexhaustible supply of 
energy and is also environmentally friendly. The Kingdom of Saudi Arabia (KSA), the world's largest oil user in 2018, 
relied on oil for 42.2% of its electricity, with natural gas providing the rest 57.8%. According to the International 
Renewable/Sustainable Energy Agency, the nation had only installed 397 MW of renewable energy by the end of 
2019, 394 MW of which came from solar power. 

Conclusions 
This study was conducted to determine the Saudi Arabian population's environmental knowledge of renewable 

energy sources and to identify practical methods for raising awareness of sustainable energy sources among the general 
public. The findings showed that the survey participants knew a reasonable bit about renewable energy. Due to the 
high cost of conventional energy sources including wind, solar, biogas, and geothermal energy, many respondents 
were interested in adopting sustainable energy; however, middle class and low-income families could not afford it. If 
technology was affordable, more people would be able to buy it, which would help the government achieve the goals 
outlined in Vision 2030. The study's findings also point to a lack of public understanding of the government's 
sustainable energy plan, either as a result of low visibility or because people have decided to disregard it. The findings 
show that the government must work decisively to increase public awareness through social media platforms, which 
are widely used by the populace in general and youth in particular. The government might use marketing strategies to 
emphasise the benefits and challenges of renewable energy. Through public activities and events, the utilisation of the 
newest renewable technologies and cost-cutting techniques to prevent environmental pollution might be demonstrated. 
In order to ensure that the goals of Vision 2030 regarding the use of sustainable energy are reached, the government 
and Cifal centre KSA must look into the idea of raising environmental public awareness of sustainable energy. The 
findings of this kind of research will provide a comprehensive picture of how Saudi Arabians view, accept, and feel 
about renewable energy. Future studies should broaden their scope in order to more accurately assess how much of 
the public in the KSA is aware of and concerned about sustainable energy. 
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Overview 
Due to the rising global demand for fossil fuels for energy generation, the oil and gas industry remains the backbone 
of the worldwide economy. Petroleum exporting countries need to increase production to satisfy these growing 
demands (7). However, the oil and gas reserves exploitation has not always been without environmental impacts, such 
as oil spills, damaged land, accidents, and fires, as well as incidences of air and water pollution. At the same time, one 
of the leading environmental concerns of oil production in the Sultanate of Oman is the enormous co-production of 
produced water. This wastewater stream contains a complex mixture of inorganic and organic compounds. It is 
considered the most significant toxic waste stream from the oil and gas industry (5), (6) and has become one of the main 
threats to oils and gas production companies. Sufficient treatment technologies are needed to bring these streams to a 
condition suitable for recycling, reuse, or discharge into the environment, as this wastewater is highly contaminated 
and linked with substantial health, safety, and environmental consequences (8). Recently, nanotechnology-based water 
treatments emerged as potential treatment methods for non-conventional wastewater. They are inexpensive green 
technologies that do not require additional chemicals and do not produce secondary waste (9),(1). Most of these 
techniques are based on photocatalytic degradation, which is a promising strategy as it can utilize a renewable source 
of energy such as solar energy. This technique depends on semiconductors that have the ability to mineralize organic 
matter into benign substances, such as carbon dioxide and water in the presence of light (3). Developing efficient 
photocatalysts to degrade organic matter from produced water is vital from economic and social development 
viewpoints (10). Even though there have recently been some major improvements, the degradation efficiency and reuse 
utilization are still low and cannot be used in real-world applications (4).  As illustrated by many studies the 
photocatalytic efficiency is significantly influenced by each stage of the photocatalytic process, including charge 
excitation, separation, transport, adsorption, and surface reaction of the semiconductor. Therefore, while applying 
photocatalysis in wastewater treatment some factors should be taken into account and properly tuned to enhance their 
efficiency, namely, the properties of water being treated, type and structure of semiconductors, reactor design and 
specifications, and light source and intensity.   

Methodology 
This study investigates the efficiency of supported zinc oxide nanorods (ZnO NRs) in the photocatalytic treatment of 
produced water from an oil field in the Sultanate of Oman under natural solar irradiation. A detailed analysis has been 
attempted on the degradation of organic contaminants in produced water under solar irradiation in the presence of 
ZnO NRs that were synthesized and used as a photocatalyst. ZnO NRs were prepared using a microwave-assisted 
hydrothermal process. Firstly, microscope glass substrates were cleaned from contaminants and used as a substrate 
for ZnO NRs growth. Then, the seed layer was deposited on the glass substrate using spray coating. This was done by 
spraying 10 mM of zinc acetate on the previously cleaned substrate at a temperature of 350 °C. After that, the 
nanorods’ growth was maintained under microwave irradiation by mixing an equimolar amount of 40 mM of zinc 
nitrate and 40 mM HMTA (hexamethylenetetramine) .Finally, the prepared ZnO NRs were then annealed at 350 °C 
for one hour.  The characteristics and properties of ZnO NRs were investigated using various techniques. On top of 
that, the crystallinity, phase nature, and lattice parameters were analyzed using X-ray diffraction (XRD, Rigaku 
MiniFlex 600, Japan). Photoluminescence Spectroscopy (PL, PerkinElmer, LS 55 fluorescence spectrometer, USA) 
was used to identify surface defects in the ZnO NRs. UV-Visible spectroscopy (PerkinElmer Lambda 12 UV-VIS 
spectrometer) was used to analyze the optical properties. A Scanning electron microscope (SEM, JSM-7600F, JEOL, 
Japan) was utilized to characterize the surface morphology and topography. The prepared ZnO NRs were used as a 
photocatalyst for the degradation of produced water under natural 
sunlight for 5 hours. The experiments were divided into two phases 
using different photocatalytic reactors (batch and continuous flow 
reactors). The photocatalytic degradation of produced water using ZnO 
NRs was determined using total organic carbon (TOC) analyzer.  

Results and Discussion  
Microwave-assisted hydrothermal (MAH) synthesis has been used to 
synthesize the ZnO NRs on glass substrates.Fig 1 demonstrates the 
XRD pattern of the synthesized ZnO NRs. The diffraction peaks in 

Efficiency of zinc oxide nanorods (ZnO NRs) in Real Produced Water Treatment  
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Fig 1: XRD pattern 
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(Fig. 1) are related to the hexagonal wurtzite crystal structure of ZnO. This 
data was in agreement with card no JCPDS 36-1451. The strongest 
diffraction peak was observed at 34.3° which implies that the nanorods 
have a preferential c-axis orientation that is perpendicular to the substrate. 
The SEM results( Fig 2 )show a high yield of homogeneous and well 
aligned ZnO NRs grown on the glass substrate. Moreover, the PL curve 
(Fig 3) demonstrates different peaks at 3.102 eV, 2.949 eV, 2.822eV, 
2.567 eV, and 2.354 eV that are related to ZnO point defects complexes 
that are related to violet, blue and green emissions. The presence of these 
defects was found to enhance the ZnO optical properties towards the 
visible region and therefore, make it an effective candidate for 
photocatalytic degradation under natural sunlight (5). Moreover, the UV-
visible spectrum of the as-prepared ZnO NRs shows broad/strong 
absorption at ~ 375 nm as shown in (Fig 4). The estimated band gap of the 
prepared ZnO NRs is ~ 3.27 eV according to the Tauc plot demonstrated in 
(Fig 4). The ZnO NRs were used to treat real produced water in a batch 
reactor under natural Sunlight. The preliminary results of the prepared ZnO 
NRs show that ZnO is an effective photocatalyst under solar irradiation. 
Error! Reference source not found. shows the percentage of degradation 
of the organic contents in the produced water. As it is clear from (Fig 5), 
the concentration of organics decreases from 100% to around 70% after 5 
hours of light irradiation with a removal efficiency of 30% (as shown in the 
green column Fig 5). Additionally, the degradation of organics in the 
absence of ZnO shows around 7% degradation which demonstrates that 
sunlight alone has almost no effect on organic degradation. The findings will be discussed 
in detail in the poster.  

 

Conclusion 
The current preliminary study reveals the high efficiency of ZnO NRs in organic pollutants degradation for produced 
water treatment. Organic matter degradation of >30% was achieved under optimal conditions showing the high 
potential of photocatalysis in produced water treatment. 
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Fig 5 : The Results of TOC of the prepared ZnO NRs in a 
batch system 

Fig 2: SEM micrograph (Top and cross-
sectional view). 

Fig 4:UV-Visible spectroscopy plot 

Fig 3: PL curve 
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IPCC assesses peer reviewed scientific literature on climate change and response strategies to 

facilitate evidence-based climate policy decisions. The IPCC 5th Assessment (AR5) conducted from 2007 
to 2015 served as the scientific basis for the Paris Agreement, which aims to limit the increase in global 
average temperature by 2 degrees Celcius and well below 1.5 degrees Celcius. In 2022, seven years after 
the Paris Agreement, the IPCC released the latest assessment (the 6th Assessment) reports and prepares a 
Synthesis Report. The purpose of this article is to identify the key differences in findings related to 
mitigation strategies between these two assessment reports and analyze the impact of the Paris Agreement 
on the evolution of response strategies to climate change. 

��������
This article compares and analyses the IPCC report on mitigation released in 2014 and the report released in 

April 2022 from the perspective of evaluating the effectiveness of various policies and measures for mitigating 
climate change through emissions reductions. 

-� Timing of global peaking of greenhouse gas emissions: AR5 pointed out that global peaking of greenhouse 
gas emissions needs to take place as soon as 2020 to limit the temperature increase to 1.5 or 2 degrees C. 
The Sixth Assessment Report (AR6) pointed out that the peaking of global emissions should occur before 
2025 for the same temperature goals as specified in AR5. We note that the AR5 conclusion was made 
available in 2014 and it in fact called for global emissions to peak within six years. This did not happen and 
emissions have kept rising past 2020. AR6, released in 2022, now said the peaking should occur in three 
years. There are two questions about this shifting of peaking time of emissions: what caused the missing of 
peaking in 2020?; and the delay in peaking would increase mitigation costs and did the AR6 result show 
the increase in mitigation costs? This paper will elaborate on the issues related to these two questions.  

-� Assumptions in scenarios: this paper will provide detailed comparisons of assumptions embedded in the 
emissions scenarios between AR5 and AR6 to give context to the conclusions related to both assessments. 

-� Cost: the top-down approach for estimating mitigation cost provides estimates of GDP loss that would 
result from mitigation activities. AR6 estimates a GDP loss of 1.3 – 2.7% in 2050. AR5 estimates were 1 – 
4 % of GDP in 2030. This paper will analyze the difference between the two estimates. The bottom-up 
approach provides mitigation potential in the context of the costs of various technology options. Both AR6 
and AR5 provide the outcome of bottom-up approaches. This paper will analyze what contributed to 
differences in the costs.  

 

��������
The challenge of climate mitigation is to avoid dangerous anthropogenic interference to the climate system in 

the context of sustainable development and poverty eradication. This requires a multi-dimensional understanding of 
the solution. The latest report contains assessments on the relationship between the demand side of socio-economic 
activity and emissions and mitigation potential. The report also has focus on urbanization and climate mitigation.  It 
is expected that the knowledge of consumption patterns and behavioral aspects of consumption and investment 
decisions would inform the interface between policy design and implementation so that climate solutions will be 
broader based than the narrowly focused technology-driven pursuit.  

                                                                   
           What changed in the IPCC report before and after the Paris Agreement 
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��!"�����!��
Since the adoption of the Paris Agreement, IPCC’s assessment of climate solutions increased drastically. It is a 

remarkable departure from previous assessments where understanding of problems occupied primary space. I expect 
to present as conclusions the key impact of the Paris Agreement on the evolution of climate response strategies and 
how solution space changed between pre- and post- Paris Agreement. 
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Overview 

Smart cities have become one of the most emerging urban development concepts in the past decade. A concept that 
encapsulates the initiatives of improving the “Quality of Life” of the citizins by addressing “Wicked” global issues 
such as Climate Change, Waste Management, and Energy Transition. In this paper, we will investigate three 
identified pillars of developing smart cities, People, Technology, and the Environment. The contribution of 
individuals in a community plays an essential role in sustainable urbanization. Leveraging advanced technological 
solutions such as Big Data and Artificial Intelligence (AI) can increase the efficiency of many aspects of urban life. 
We focus on these two pillars to create a system that preserves the Environment by utilizing the combination of the 
contribution of People and the capabilities of Technology to achieve sustainable energy use. We will analyze the 
underlying indicators of smart cities under the identified pillars and discuss some scenarios of current and emerging 
smart city development initiatives to draw insights and conclusions that address the identified pillars and how they 
intertwine. 

Methods 
In this paper, we will explore the interrelation of the three identified pillars People, Technology, and the 

Environment. These pillars were identified in the context of this paper by the analysis of an amalgamation of the 
characteristics of what makes a smart city “smart.” We will identify and analyze different perspectives as possible 
indicators of a citizen-centered smart city that focuses on human needs and sustainability. We propose a qualitative 
Thematic approach that will identify and analyze different perspectives and patterns as possible indicators of a 
citizen-centered smart city that focuses on human needs and sustainability. Our sources will include open-data 
sources, literature on existing or prospective smart cities, and other smart-city frameworks. 

Results 
We will discuss and identify possible indicators that revolve around the pillars which could possibly act as a 

potential framework of the sustainable development of smart cities. The results will include a cascading relationship 
between the indicators and the pillars identified showing how each indicator is networked towards achieving 
sustainable urban development. 

 

Conclusions 
To develop an inclusive, sustainable and resilient smart city, the role of citizens is of absolute importance. 

Leveraging the technologies and the capabilities of IoT, AI, and Big Data will help optimize the operations of 
various dimensions of the quality of living, such as health, energy efficiency, independence, and mobility. 
Understanding the needs of the people and developing the cities around their needs is a key factor in achieving 
quality of life in the smart city. 
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��	���������	�������������	����������������������)�¦����������
���������������)���the availability of the renewable 
energy and water resources required to produce green hydrogen. Until today, the installed renewable energy capacity 
of the Arab Gulf states is far beyond their self-given targets. By 2020, the total share of Renewables in the Energy 
Mix was very low with 0.1% in Bahrain, 0,5% in Kuwait, 1,3% in Oman, 0,3% in Qatar, 0,5% in Saudi Arabia and 
7,3% in the UAE (Al-Sarihi and Mansouri 2022). Even if considering that especially countries like Saudi Arabia and 
the UAE might scale up their capacities within a short period of time, they need even more renewable energy when 
they want to use large quantities of it to export green hydrogen. Additionally, it is barely discussed , where the large 
amounts of water shall come from that are needed to produce green hydrogen. Relying on desalination, which most 
countries almost exclusively do, creates new ecological problems: For instance growing brine discharge leads to 
further salinisation of the sea (and ultimately also the soil), which, in turn, demands more highly energy-intensive 
desalination plants. Furthermore, growing rise in temperature in the Persian waterway also stimulates the growth of 
“harmful algal blooms that can block desalination plants and coastal industrial cooling systems” (Tolley 2021). 
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in terms of commercial feasibility, capacities and unintended ecological risks.  This paper argues that policymakers in 
Germany and the Arab Gulf states need to pay more attention to these unresolved issues before engaging in this 
‘enthusiasm’ of hydrogen as new technological fix towards a climate-sensitive energy transition. If not, hydrogen, 
will remain a distant and unlikely prospect.  
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Overview 
This paper aims to propose a futuristic sustainable hydrogen supply chain model for the hydrocarbon industry 

and evaluate its performance parameters in the environmental, social, and economic dimensions utilising network 
analytics. With increasing global calls towards de-carbonization and net-carbon neutrality by 2050, there is a serious 
drive towards finding alternate low-carbon energy sources in the energy industry. The ‘Decarbonization Revolution’ 
has driven Reliance Industries Limited (RIL) India towards creating a sustainable clean energy supply chain and 
making the company net carbon neutral by 2035 (Reliance Industries Limited, 2022a). Hydrogen, being not only the 
cleanest form of fuel but also a potential energy carrier, has been gaining momentum as an alternative to fossil fuels 
across world governments, industries, and international agencies (IEA, 2019). The "Hydrogen Value Chain", both as 
a fuel and an energy carrier, is examined using network analytics tools to propose a sustainable hydrogen supply 
chain for the hydrocarbon division of RIL, through the lens of the triple bottom line concept. 

Methods 
To understand how RIL caters to the hydrocarbon markets, its current business model is analysed using the 

business model canvas, while viewed through the lens of the canvas’ nine inter-linked supply chain building blocks 
(Osterwalder et al., 2011), which are graphically visualised using the network analysis tool, Gephi. 

Next, a detailed literature review is performed that involves two sections. Firstly, the use of hydrogen in the 
energy industry is briefly discussed, and Gephi is used to fully understand and observe the value chain of hydrogen 
and its global supply chain. This is done to obtain insights into the energy transition possibilities where RIL can 
effectively contribute and integrate into its own supply chain. Secondly, a study on sustainability and performance 
dimensions using the concept of life cycle sustainability analysis (LCSA) was performed for designing a sustainable 
hydrogen supply chain network (HSCN) considering environmental, economic, and social aspects at every stage in 
the overall supply chain. 

The technical platform for this paper is developed in two stages. First, an innovative business model for RIL is 
developed that critically evaluates areas where RIL can integrate into the hydrogen supply chain. The network 
analytic tool, Gephi, is used to show this integration into the hydrogen production focus points. This is followed by 
an attempt to categorise the environmental, economic, and social impacts of each potential option for RIL, using the 
LCSA framework discussed in the literature review. For this step, critical ranking parameters are provided on a scale 
from 1 to 6 (Ciroth et al., 2011) to generate a table highlighting the segment’s risks for every proposed RIL’s 
hydrogen integration options. 

Results 
Using the technical platform developed in this paper, it can be observed that RIL can become a producer of 

hydrogen using its existing infrastructure and technologies. Blue hydrogen can be produced by the steam methane 
reforming process from its natural gas production channels with Carbon Capture & Storage (CCS) through pipeline 
networks to offshore underground hydrocarbon reservoirs. The second area where RIL can integrate into the 
hydrogen supply chain is through direct electrolysis, where RIL can form direct partnerships with solar and wind 
power companies to produce Green Hydrogen. RIL can also collaborate with nuclear power companies for the 
generation of Pink Hydrogen. RIL can also partner with existing thermal power plants that use fossil fuels for power 
generation to create Brown Hydrogen. 

However, after the performance of the LCSA assessment, the most sustainable options for RIL would be to use 
options A & C, having LCSA scores of 7.4 and 7.3, respectively. Option A of producing Blue hydrogen through 
natural gas reforming with CCS technology has an impact score of 2.4 for the environment, 2.3 for the economy, 
and 2.7 for society. Option C of producing Green hydrogen through electrolysis from renewable energy has an 
impact score of 1.6 for the environment, 3.7 for the economy and 2.0 for society. By successfully entering the 

                                                                   

[ASSESSING THE PERFORMANCE DIMENSIONS OF HYDROGEN SUPPLY CHAIN 
PATHWAYS USING LIFE CYCLE SUSTAINABILITY ANALYSIS (LCSA) AND 
NETWORK ANALYTICS FOR THE HYDROCARBON INDUSTRY'S ENERGY 
TRANSITION] 
 

[Camilo Fernando, University of Aberdeen, UK, +447909555589, c.p.fernando19@gmail.com] 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

n
v

ir
o

n
m

e
n

t



244

hydrogen market through the above options, RIL can contribute to India’s energy security by providing an alternate 
low-carbon fuel to meet the country’s ever-increasing energy demands. 

Conclusions 
By using network analytics tools and LCSA concepts, a technical platform was developed to study the global 

supply chain network of hydrogen and suitable energy transition options for RIL to integrate into the hydrogen 
market are proposed, considering environmental, economic, and social factors. The analysis neatly fits into the 
current global hydrogen production scenario where only 2% of hydrogen is currently produced from electrolysis 
from renewable energy (IEA, 2019). 

The primary aim of this paper is to equip the hydrocarbon industry’s management with key insights into the 
LCSA method and network analytics tools. Due to relevant constraints mentioned in this research work, the 
management needs to ensure that the data and modelling correctly represent the broader hydrogen market by 
performing realistic energy systems modelling, which is vital for effectively defining decarbonization scenarios. 
LCSA on the whole hydrogen supply chain needs to be undertaken to fully understand the implications and 
implementation of future technologies (Hydrogen TCP, 2022). This can be taken up as a possible future study since 
mapping of the value chain is the first step towards designing a sustainable supply chain system. Hydrogen, having 
many universal applications, will be the key driver towards carbon-natural integrated energy systems in the future. 
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Overview 

Hydrogen will play an important role as an energy vector in future energy systems. Possible applications include use 
in industrial processes, in building heat, in the mobility sector or as a storage for renewable energy. However, there 
are many unanswered questions regarding future production systems, as well as the transportation and storage options 
for hydrogen, which open up a multitude of possible pathways. To develop a targeted strategy for integrating hydrogen 
into existing energy systems, an environmental and techno-economic evaluation of individual production pathways is 
required. Therefore, in our research we ask the question: What are the life-cycle emissions and costs of hydrogen 
production and distribution pathways in different countries and which are the critical factors driving the results? 

Methods 
We carry out a life cycle assessment (LCA) and an investigation of the levelized costs of hydrogen in order to evaluate 
the environmental and economic potential of the identified pathways. Within the system boundary we have defined, 
different production processes for hydrogen, including material input for required technologies and the energy 
demand, are taken into account. The respective production processes are then combined with corresponding transport 
routes and storage options, to be able to draw conclusions about the total emissions and costs of the functional unit 
under consideration - one kg of hydrogen at its place of use. The respective investigation framework for our analysis 
is shown below.  
 

 
 
A weakness in many of the existing LCA literature is the strong dependency of results on individual factors and 
assumptions within the study framework, which are often very difficult to comprehend in retrospect. In order to 
address this issue, our methodology includes a tool that simplifies the procedure of performing various sensitivity 
evaluations. This allows us to identify the most important drivers behind our results, and to better understand the 
reasons for the discrepancies between different hydrogen production and distribution pathways. 
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Technical, economic and environmental evaluation of different hydrogen production 
pathways 
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Results 
Our results show that there is a high potential of renewable energy-based pathways to reduce the GWP of the produced 
hydrogen compared to fossil-based pathways, but currently still at significantly higher costs. A high potential is also 
attributed to the CCS technology to reduce the GWP of the fossil-based pathways at lower costs than in the renewable 
energy-based pathways. 
In terms of conversion and transport of hydrogen, compressed hydrogen has a higher potential for shorter road 
transport distances (< 200 km) and liquefied hydrogen has a higher potential for longer distances (> 500 km) from an 
environmental and economic point of view. However, the evaluation of conversion and transport pathways is highly 
dependent on the characteristics of the hydrogen economy. 
Regarding hydrogen-based fuels, the highest potential is seen in the synthesis of ammonia. However, the costs of 
renewable energy-based pathways are considerably higher than the current market prices of the fuels investigated. 

Conclusions 
Our analysis shows that there is a great variability between the economic viability and environmental impact of 
different hydrogen production pathways. As the integration of hydrogen within existing energy systems progresses, 
LCA methods can provide valuable, comprehensive insights into the advantages and disadvantages of different 
pathways and allow for an easier comparability of economic and environmentals goals. 
Our enhanced methodology for conducting sensitivity analyses helps to more clearly identify the key drivers behind 
our main outcomes and can contribute to making future LCA research more accessible and comparable. 
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Overview 
On the one hand, the global community set a target of net-zero greenhouse gas emissions (GHGE) by 2050. 

Although some countries are heading on the right direction, others are failing to restrict the with rapidly rising 
GHGE. According to the Environmental Performance Index (EPI) (2022), unless GHGE are restricted, 24 countries 
will be responsible for 80% of the emissions in 20501. On the other hand, policy makers are under pressure to 
develop policies that help spur entrepreneurship due to its role in job creation and economic growth (Acs et al., 
2018). Although a large body of work has examined the environmental performance effects of green innovation (e.g. 
Chen and Lee, 2020; Wang et al., 2022), limited research exist on the environmental performance effects of 
entrepreneurship.  

This study intends to fill this gap by examining multilevel data from for 50 countries for the period of 2002 to 
2018. Our results demonstrate that necessity-based entrepreneurial efforts have a positive effect on environmental 
performance while the oppositive effect for opportunity-based efforts. We discuss the implication for theory as well 
as for pro-enviornment and pro-entreprenurship policies.  

 

Methods 
We use a large multilevel dataset to test our hypothese. Individual and country level data were retrived from 

different sources. Following previous studies (e.g. Wang et al., 2022), we use environmental performance index 
(EPI). EPI data from specific countries are obtained using Center for International Earth Science Information 
Network at Columbia University and Yale Center for Environmental Law and Policy.    

Individual-level data were retrived from Global Entrepreneurship Monitor (GEM). We use the Adult Population 
Survey (APS) to capture the evolution of entreprenurship over time. To augment APS, we use country-level data: 
GEM National Expert Survey, the International Monetary Fund (IMF), and the Index of Economic Freedom from 
the Heritage Foundation.   

Data was analysed using hierarchical linear modeling to capture the different levels. Autio et al. (2013) 
encourages the use of this approach when using GEM data.      

 

Results 
Our results confirm that necessity-based entrepreneurial efforts have a positive effect on environmental 

performance while the oppositive effect for opportunity-based efforts. This contradicts the findings of Dhahri et al. 
(2021), who claimed that opportunity-based efforts have a positive effect on environmental sustainability whereas 
necessity-based entrepreneurial efforts have a negative effect. This could be due to using several sustainable 
development goals (SDGs). 

 

 

 
1 https://epi.yale.edu/ 
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Conclusions 
This study responds to recent call call by scholars to take a comparative international approach to understand 

the differences between countries (Terjesen et al., 2016). Given the significance of entrepreneurship to economic 
development as well as the importance of meeting net-zero obligations and improving environmental performance, 
this study contributes to our understanding of the link between the two issues.  
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Overview 
 Energy is necessary to the continuation of life on Earth. Using energy allows us to live, travel and move as 

well as to light up the dark and feel fine during the winter and the summer. Most of this energy generated from fossil 
fuels.  Using fossil fuels excessively has placed the world in front of one of the biggest problems of the era, and this 
has led to pollution of the Earth's atmosphere. The increasing demand for energy globally and the rapid technological 
progress, cause both the amount of fuel needed to generate electricity and the amount of greenhouse gases and other 
air pollution emitted are increased as a result.  

Clean air is what all living humans and animals need for good health. However, due to unstoppable urban 
development, the air is continuously polluted. Urban ambient air is more polluted than the overall atmosphere due to 
the high density of the human population and their activities in urban areas. The atmosphere, or air, is normally 
composed of 79-percent nitrogen, 20-percent oxygen, and one percent mixture of carbon dioxide, water vapor, and 
small quantities of several other gases. When the fossil fuels are burned, the combustion gases include the emission 
of carbon dioxide (CO2), sulphur dioxide (SO2), nitrogen oxide (NOx) and other polluted gases. Nearly all combustion 
products have negative effects on the environment and human health. Where, the CO2 contributes to the greenhouse 
effect. Although, the SO2 exists in small concentrations in the earth’s atmosphere, it causes acid rain, and it is found 
in the case of volcanic eruptions and the effluents released from industries. Nitrogen oxides (NOx) is a highly 
poisonous gas knowing as Nitrogen dioxide and it is one of the major atmospheric pollutants that absorb UV light and 
stops to reach it to the earth’s surface. 

The emissions caused by electricity generation vary due to many factors, including the amount of electricity is 
generated, the electricity generation technologies used, and the air pollution control devices used.  It is difficult to 
control the first two factors, however the third factor needs more research to obtain promising materials to build a new 
devices for capturing the air pollutions to improve the air quality and hence the human health.  

Therefore, this work will use the functionalized fullerene cages C59M (M=Li, He, Be, B, N, F, Al and Ti) with 
elements from eight different groups to select the most candidate fullerene cages to use as pollutions control through 
adsorption the polluted gases and captured them. 

 
 

Methods 
All calculations are performed with DFT as implemented within G09W package, using B3LYP exchange-

functional and applying 6-311G++(d,2p) basis set. All structures are fully optimized without any constraint. The DFT 
technique was used owing to the accuracy associated and confirmed in many previous work [1-12].  The electronic 
properties, including the density of states (DOSs), HOMO (highest occupied orbital), LUMO (lowest unoccupied 
orbital), Energy gaps Eg, EFL (Energy of Fermi level, and natural bond orbital (NBO) charge analysis are calculated.  
Also, the adsorption energies (Eads) are obtained from the following equation, 

�¹Cº � �»3®¼�½¹º N <�»3®¼ 
 �½¹º?A 
where �»3®¼�½¹º is the energy of the optimized C59M-gas structure, �»3®¼A is the energy of the optimized C59M 
structure and �½¹º is the energy of polluted gas. The energy gap between HOMO and LUMO (Eg)��was��well-defined 
as  �½ � �¾¿¼À N �ÁÀ¼À whereas �¾¿¼À and �ÁÀ¼À are energy of HOMO and LUMO.  
The energy of Fermi level (EFL) that lies in the middle of the HOMO and LUMO  

�Â¾ �
�¾¿¼À 
 �ÁÀ¼À

�  

�����������È���������Ú!����������\�����������È���������Ú���will be calculated at T=298 K and P = 1 atm as 
´Ã � �»3®¼�½¹º N <Ã»3®¼ 
 Ã½¹º?A 
´� � �3®¼�½¹º N <�»3®¼ 
 �½¹º?A 

where H(G)C59M-gas, H(G)C59M, and H(G)gas are the sum of electronic and thermal enthalpies (the sum of electronic 
and thermal free energies) of C59M-gas, C59M cages, and gas molecule, respectively. 
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Results 
 

  
 

This work includes 24 fully optimized structures of adsorbed polluted gases (CO2, NO2 and SO2) on 
functionalized fullerene cages C59M (M=Li, He, Be, B, N, F, Al and Ti) with elements from eight different groups 
(alkali metals, Nobel gas, Alkaline earth metal, Metalloids, non-metals, halogen, post transition metal and transition 
metals), respectively. The above Figure shows the adsorption energies of polluted gases are negative reflecting the 
powerful of functionalized fullerene cages C59M for capturing the polluted gases. Also, the natural bond orbital charge 
analysis and optimized structures for C59Al-CO2, C59Al-NO2 and C59Al-SO2 are shown as example for polluted 
gases captured through functionalised fullerene cage by Aluminium. 
 

Conclusions 
Using the Density Functional Theory and applying the G09W program, the fully optimized structures, the dipole 

moments, the density of states, the band gaps including the HOMO and LUMO are obtained. Also, the natural bond 
orbital, enthalpy change, and Gibbs free energy change are studied.  The results show that the functionalization of 
fullerene cages increases their activities to capture the polluted gases and the best functionalized fullerenes cages for 
capturing the polluted gases are C59Ti and C59AL.   
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Overview 
CO2 emissions have been recognized globally threat for the humanity. To curb emissions, global and country-
specific programs have been launched, such as the Kyoto protocol, the Paris agreement, and United Nation (UN) 
Sustainable Development Goals. Given its global importance, examining driving forces of CO2 is very crucial for 
any economy and the Renewable Energy Country Attractiveness Index (RECAI) countries are no exception. 
We use the theoretical framework developed by Hasanov et al. (2021) in this study as it links CO2 emissions to 
total factor productivity (TFP), renewable energy consumption (REC), alongside income, exports, and imports. 
There are at least two reasons for preferring this new theoretical framework to the traditional ones: (i) it offers a 
broader framework in informing decision-making process since it theoretically validates TFP and REC as 
determinants of CO2, in addition to income and international trade, (ii) these determinants have other practicality in 
policy considerations. TFP has long been considered the main factor of economic growth (Solow, 1957). Its two 
main elements, i.e., technological progress and efficiency gains, offer comprehensive opportunities not only for 
economic prosperity but also CO2 reduction (see e.g., Huang et al., 2020). Besides, international agencies, such as 
International Energy Agency, International Renewable Energy Agency, and UN environmental programs consider 
renewable energy among key drivers in achieving energy security, pollution reduction, and sustainable economic 
growth-the three important issues of the nations (e.g., UN SDG, 2015; IEA G20, 2019). Amid this international 
deliberation, governments all over the globe investigate options to switch from fossil fuels-based energy to 
renewable-based energy sources. Given the background above, the objective of this research is to investigate the 
CO2 impacts of REC and TFP, alongside income and international trade to propose insights that would be useful 
for carbon emissions reduction policies in RECAI countries.  
 
Data & Methods 
We used panel annual time series data spanning between 1990 to 2018 for 20 RECAI countries for the following 
variables. Consumption-based CO2 emissions (CO2). This is territory-based CO2 emissions excluding CO2 emissions 
embodied in exports and including CO2 emissions embodied in imports. This is our dependent variable and is measured 
in million tones and taken from Global Carbon Atlas (2019). Renewable energy consumption (REC). This is the 
consumption of the energy obtained from renewable sources as the percentage share of total energy consumption. The 
values of the variable were gathered from World Development Indicators database, WDI (2020). Total Factor 
Productivity (TFP). This is total factor productivity index collected from the Penn World Table 10.0 database. Income 
(GDP). This is the final value of goods and services that are produced within the boundaries of RECAI countries at a 
specific time. It was measured in constant 2010 US dollars and adjusted for purchasing power parity. Exports (EX). This 
is the exports of goods and services at constant 2010 US dollars as the percentage share of GDP. Imports (IM). This is the 
imports of goods and services at constant 2010 US dollars as the percentage share of GDP. GDP, EX, and IM are 
collected from WDI (2020). The countries are Australia, Brazil, Canada, Chile, China, Denmark, Egypt, France, 
Germany, India, Ireland, Israel, Italy, Japan, Morocco, Netherlands, Spain, Sweden, UK, and USA. 
We first perform Pesaran (2015) test and it showed that the variables have strong cross-sectional dependency (CD) 
effect. Hence, we used the second-generation panel methods: Pesaran (2007) test for unit root, Westerlund (2007) test 
for cointegration, Pesaran (2006) common correlated effect mean group estimator (CCEMGE) and Eberhardt and Teal 
(2010) the augmented mean group estimator (AUGMGE) for long-run estimations. The imperative advantage of the 
latter three methods is that they produce cointegration test and estimation results for each individual country alongside 
the aggregate panel results. Just for comparison purpose, we also used first-generation methods of the fixed effect 
estimator (FEE) and random effect estimator (REE). 
 
Results 
Pesaran (2015a) test showed that the variables have the CD effect and Pesaran (2006) unit root test indicated that 
they are non-stationary in their log levels and stationary in their growth rates. Westerlund (2007) cointegration test 
confirmed that CO2 establishes a long run relationship with the above listed explanatory variables (the test results 
are not reported here due to the space limitation but can be obtained from the authors). To this end, we estimated 
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the parameters of long-run relationship for CO2. Table 1 documents the results. 
Table 1. Long-run estimation and test results. 

  AUGMGE CCEMGE FEE REE 
rec  -0.277*** (0.000) -0.135*** (0.000) -0.215*** (0.000) -0.213*** 0.000) 
tfp  -0.350* (0.053) -0.370 (0.167) -0.673*** (0.000) -0.636*** 0.000) 
ex  -0.275*** (0.001) -0.267*** (0.003) -0.331*** (0.000) -0.337*** 0.000) 
im   0.288*** (0.000)  0.240*** (0.006)  0.370*** (0.000)  0.372*** (0.000) 
gdp   0.819*** (0.000)  0.724*** (0.000)  0.836*** (0.000)  0.821*** (0.000) 
CADF  C&T -8.711 (0.000) -14.559 (0.000) -1.516 (0.065) -1.516 (0.065) 
 C -11.399 (0.000) -16.636 (0.000)  1.645 (0.950)  1.569 (0.942) 
Notes: The dependent variable is co2; Lower-case letters denote the natural logarithmic transformation of the variables listed in the 
previous section. p-values are in parentheses; ***, * mean statistical significance at the 1% and 10%, respectively. Deterministic terms 
are not reported for simplicity; time series observations=29; countries=20; CCEMGE and AUGMGE are run with the option of robust 
standard errors; CADF is the Pesaran (2007)’ cross-sectionally augmented Dickey-Fuller unit root test (the test equation was run in two 
options: (i) with constant and trend (C&T) and (ii) with constant only (C), and both with zero lag as it turned out to be the most relevant 
lag order for residuals). 

AUGMGE results showed that, holding other factors constant, a 1% increase (decrease) in RE, TFP, and EX leads to a 
reduction (rise) in CO2 by 0.3%, 0.4%, and 0.3%, respectively in the long run. Also, in ceteris paribus, CO2 can be 
decreased (increased) by 0.3% and 0.8%, respectively if IM and GDP decrease (increase) by a 1%. 
 
Conclusions 
A finding of a strong CD effect implies that there are country-wise dependence and/or unobserved common factors 
that affect all 20 RECAI countries. These factors may include, but not limited to, technology transfers, global energy 
and financial shocks, institutional memberships, regional and international trade organizations. The unit root test 
results concluded that shocks could create permanent changes in the log level of the variables, but they could create 
only temporary changes in the growth rates of them. The cointegration test results concluded that stochastic 
development trends in the CO2 and its determinants can cancel out each other making deviations from the long-run 
equilibrium relationship of CO2 temporary not permanent. 
A couple of conclusions from the long-run estimations in Table 1 are worth considering. First, CO2 is negatively 
related to RE, TFP, EX and positively associated with IM and GDP in the long run regardless of whether we account 
for the common unobserved factors or not. In the case of the CCEMGER and AUGMGER methods, this finding 
originates from the individual country estimates: RE and TFP exert a negative impact on CO2 in 17 and 14 countries, 
respectively out of 20 countries. EX, IM, and GDP have their theoretically expected negative, positive and positive 
impacts in 16, 17, and 16 countries, respectively (the results are available from the authors). Second, the size of the 
impact of RE, EX, IM, and GDP on CO2 does not change largely and are around -0.2, -0.3, 0.3, and 0.8, respectively 
across the four methods. This implies that not accounting for the common unobserved factors does not change the 
impact size considerably in the RECAI countries. When it comes to TFP impact size, one can conclude that TFP and 
unobserved factors that are common for these RECAI countries are associated. This is probably because there are 
factors that are common for the countries and are part of TFP at the same time such as theological progress, efficiency 
gains.  
The main policy implication of the findings is that authorities should implement measures to boost TFP and RE as 
they are mostly driven by the factors, such as technological progress, innovations, efficiency gains, which can reduce 
CO2 emissions and promote long-run economic growth at the same time.    
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Overview 
The human use of energy has evolved through the course of history. The availability of refined and efficient 

energy resources has played a decisive role in the advancement of societies, especially since the industrial revolution 
of the eighteenth century. In the twenty-first century, the international energy scenario is experiencing a profound 
transition as the world is experiencing a major shift in terms of energy resources and their utilization. In recorded 
history, there have been two major energy transitions. The first one was a shift from wood and biomass to coal during 
the 18th century industrial revolution, and the second one was the 20th century transition from coal to oil and gas. The 
21st century energy transition is manifested as a sustainable energy transition or zero-carbon energy transition. This 
work examines the major dimensions of the unfolding energy transition taking into account key policy drivers and 
trends, technologies, challenges, and prospects.  

Methods 
The work explores the international energy and environmental scenario to determine the important technological 

and policy dimensions of the ongoing energy transition. It examines the frameworks, directives, and outlooks of 
relevant national and international bodies and policy institutions, utilities, industry, academia, research and 
development (R&D) organizations, and the development sector. A survey has also been conducted to determine the 
perspective of key stakeholders - i.e. policy and decision-making circles, utilities, industry, academia, research and 
development (R&D) institutes, financial institutes, developmental sector, and civil society - on the dynamics of the 
energy transition. 

Results 
� The main findings of the work are as below. 
� The key drivers of the ongoing energy transition include: climate change, energy insecurity, rising energy 

prices, and depleting fossil fuel energy reserves. 
� The technological dimensions of energy transition can be classified under four broader categories: 

decarbonization, decreased use (energy efficiency), decentralization/distributed generation, and 
digitalization 

� Major challenges to a successful energy transition include a lack of conducive policies, technological and 
investment constraints, and geopolitical disputes 

� The energy transition requires a dynamic and interwoven technology-policy partnership 
� Localized socio-economic inequalities around energy insecurity are also a global concern 
� The planet, a global village, has a shared future, for the developed and developing nations. 

Conclusions 
The 21st-century energy transition is much more vibrant and multidimensional as compared to the 19th and 20th-
century energy transitions thanks to the enormous changes and advancements on the fronts of energy resources and 
their consumption, technological advancements, socio-economic and political response, and evolving policy-
landscape. This energy transition is driven by the global pursuit of sustainable development having energy and 
environmental sustainability at its heart. In terms of technology, the present energy transition has four broader 
dimensions: decarbonization, decreased use, decentralization, and digitalization. Decarbonization of the energy sector 
is led by solutions like renewable and low-carbon technologies, electric mobility, carbon capture and storage, and 
hydrogen and fuel cells. Decreased use of energy through energy conservation and management (ECM) is critical to 
energy sustainability. ECM is a widely established and techno-economically viable strategy across all major energy-
consuming sectors. Distributed generation or decentralized energy systems are becoming popular around the world to 
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help cost-effective and efficient supplies of energy. Digitalization of energy systems is also deemed to be an important 
aspect of future energy systems. The International Energy Agency (IEA), regards energy digitalization as important 
to help improve productivity, accessibility, cost-effectiveness, and overall sustainability of future energy systems. 
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Overview 
The current energy crisis imposes even greater challenges to the on-going efforts to decarbonize the energy sector. 

Until only recently, Germany's strategy towards a secure, affordable, and environmentally sustainable energy system 
was highly reliant on efficient natural gas-fired power plants to support volatile power generation from renewable 
energies (German Federal Government, 2021). These plans included the gradual phase-out of coal power plants until 
2038 the latest (with the coalition agreement aiming for 2030) and of nuclear power plants until the end of 2022. 
However, due to an increased scarcity and high prices for natural gas leading to sharp increases of electricity prices, 
calls within the German population demanding the extension of the operating life of coal and nuclear power plants are 
increasing. 

This development would not be the first rapid change in energy policy under pressure from the population and 
thus the electorate. For example, in 2011 the nuclear phase-out was decided – after the nuclear power plants were 
actually extended in 2010 – based on strong protests after the nuclear accident in Fukushima and in 2020 the first coal 
phase-out law was passed after the Friday for Future movements with support of large parts of the population put 
pressure on the government. Fundamental for these rapid changes seem to be the changing preferences in society 
towards the three energy policy targets – security of supply, environmental sustainability and affordability. Against 
this backdrop, we ask: 

Is long term energy policy possible if it is highly dependent on public preferences? 

Methods  
To analyze this, we look at past long-term scenarios from 2008 onward and compare them with the preferences 

towards the energy policy targets at that time. For the goals of long-term energy policy we have reviewed long term 
studies and laws by the government such as the lead scenario 2009 of the German government (Nitsch & Wenzel, 
2009), the prolongation of nuclear power plants (German Federal Government, 2010), and the nuclear (German 
Federal Government, 2011) as well as the coal phase-out act (BGBI., 2020). To investigate preferences we reviewed 
existing surveys regarding the preferences towards the goals of the energy policy target triangle at the time. For 
example Praktiknjo (2013) conducted a discrete choice experiment weeks after the nuclear accident in Fukushima in 
March 2011. In order to classify the current energy policy changes regarding the preferences of the population, we 
conduct another discrete choice experiment like this and we compare the assumptions of the scenarios with today's 
actual values in terms of environmental sustainability, security of supply and affordability.   
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Results 

 
Figure 1: Planned installed netto capacities of nuclear power plants based on the energy policy regulations in 2009 (Nitsch & 
Wenzel, 2009), 2010 (German Federal Government, 2010) and 2011 (German Federal Government, 2011) 

 
As an example of the rapid changes in German energy policy, Figure 1 shows the planned installed capacity for nuclear 
power plants based on the laws of 2009, 2010 and 2011. Comparing it to the surveyed preferences by Praktiknjo 
(2013) of the German population shortly after the nuclear accident in Fukushima in 2011, shows the influence of 
public preferences on long term energy policy clearly. The strong preference for phasing out nuclear power compared 
to security of supply as shown in Figure 2 is accompanied by a significant reduction in future planned nuclear power 
plants even though most nuclear power plants were just prolongated in 2010.  
 

 
Figure 2: Preferences of the German population shortly after the nuclear accident in Fukushima in 2011 from Praktiknjo (2013) 

Conclusions 
We take a retrospective look at the preferences of the population in Germany with regard to the energy policy target 
triangle and the scenarios for energy policy developed from it. This analysis could help to understand the weighing of 
energy policy target preferences and how German energy policy depends on the view of the electorate. This is relevant 
because energy policy requires measures and regulations that are durable, especially due to the long-term nature of 
the energy system and its components. Knowing how people form preferences can therefore help to make both short-
term and long-term policies more effective. At the same time, it can serve as a basis for implementing measures based 
on the preferences of the population that benefit the people but also lead to a sustainable transformation to a fossil-
free power system. 
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Overview 
 In view of the climate targets that are to be achieved as well as the growing efforts to mitigate greenhouse 
gas emissions, the transition of the energy sector is imperative. In order to ensure the security of supply of 
electricity, while the share of renewable energies in the electricity mix increases, the interconnection of electrical 
transmission networks between neighbouring countries and overseas gains more importance.  

 Both the Kingdom of Saudi Arabia and Egypt enjoy a high potential for producing electricity from 
renewable energies especially solar. In addition to that, a DC transmission line with a capacity of 3 GW between 
both countries is under construction. All of this would facilitate the production of electricity beyond their domestic 
needs, making it possible to export the electricity surplus to the Mediterranean basin links.  The paper aims to 
assess potentials and opportunities when connecting the MENA region with Europe through the planned HVDC 
link between Greece and Egypt. 

 

Methods  
 In order to estimate the potential energy electricity surplus in parts of the MENA region that can be 
exported to Europe, an analysis of the currently available and planned generation on the one hand and the expected 
load on the other hand should be conducted. Since the planned MENA-Europe electrical grid linkage is going to 
connect primarily the electrical grid of Egypt and that of Greece, the energy generation and the electrical load time 
series of Egypt are going to be predominantly examined. Additionally the electricity generation and load profiles 
of neighbouring countries of Egypt in particular the Kingdom of Saudi Arabia are of interest. The importance of 
taking into consideration the Kingdom of Saudi Arabia goes back to the planned DC transmission line enabling 
the import and export between the two neighbouring countries. This paper will take into consideration the 
availability of the current and future renewable resources as well as the transmission capacities between the upper 
mentioned countries.  By considering the electrical generation and load profiles of both countries primarily, the 
electrical energy surplus in an hourly time resolution can be derived. Accordingly, the amount of electrical energy 
export to Greece and in which time periods the export can take place can be determined.  

 In the context of the evaluation of traded electrical energy between the countries, there are two aspects 
namely the economical and the ecological benefits that strike interest. This paper aims to look into the future 
operation of the Egyptian power grid while optimizing the operation of the electrical grid on the basis of the 
availability of renewable energies and hence minimizing the CO2 emissions or on the basis of maximising the 
economic benefits of the concerned country parties. 

 

Results 
 The preliminary result show that Egypt will have a surplus during the early hours of the day while the 
surplus in Saudi Arabia is going to be found in the late afternoon. 
 

Conclusions 
  The proposed scheme would be used as a planning operational tool to assess the current and imminent 
sustainable electricity resources available collectively in both the Kingdom of Saudi Arabia and Egypt to provide 
electricity from renewables to European electric utilities. Through the described approach, incentives in the 
MENA-region especially in Egypt and the Kingdom of Saudi Arabia can be derived from the future 
optimal operation of the power grid.  
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Why Invest in Hydrogen? A Sustainable Path Forward 
 

John Ballantine, PhD, Senior Lecturer, Brandeis University 
Mohammed AlMehdar, PhD Candidate. Brandeis University 

September 9, 2022 
 
Most energy scenarios paint a significant yet declining role for fossil fuel producers as we 
transition to a greener and possibly 1.5 - 2-degree COP 26 world (Paltsev, Ansari & Holtz, table 
1). Of course, getting there by 2050 requires a huge – many trillions of dollars – investment in 
our energy infrastructure, particularly following the Ukraine war with the dramatic shift in Europe 
/ Germany from Russian gas to LNG and sustainable sources. (Rystad, IEA). Global energy 
producers are fully aware of the uncertainties and climate pressures surrounding investment in 
our energy transitions. The question is how fast, how much investment, and how to finance? 
 
Needless to say, meeting our disparate energy needs as we transition towards a net zero world 
while making reasonable returns is particularly challenging for oil & gas producers, utilities, and 
burgeoning energy ventures. One bullish set of transition outlined by IEA, Rystad, the Hydrogen 
Council (table 2) describes an increasing role of green and blue hydrogen / ammonia (with 
carbon capture) in our industrial economies. 
 

Table 2: Possible Hydrogen Supply: Demand Mix 

 
Figure 2 IEA Future of Hydrogen from 3 

 
How Will Energy Suppliers Invest: Today’s fossil fuel world which provides over 80% of energy 
supply is roughly divided into three stylized sets of producers with vastly different operating 
objectives, costs, resources (reserves), and management goals – Independent producers 
(IOCs), OPEC and National Producers (NOCs) + 1 (Russia), and shale producers.  
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Each of these disparate group of producers, or agents, invests and produces with very different 
patterns that result in boom-bust investment cycles and varying degrees of production / supply 
flexibility. Given the shifts in our energy markets oil prices have been extremely volatile and 
hard to predict over the past fifty years (IEA, scenarios; VAR, Killian, Hamilton, et. al). 
Consequently, making long-term thirty-year investments where there is a tremendous 
commitment of capital, people, and uncertain returns is extremely challenging. The war in 
Ukraine, climate crisis, shale revolution, demand shift to Asia, and political upheavals are part 
our complex energy history (IEA, Yergin, The Prize, The Quest)   
 
Is Hydrogen a Sustainable Opportunity? One of the critical questions is how will energy agents, 
with tremendous capital, engineering and technical expertise invest over the coming decades? 
What role will they play in our transition to a cleaner and more sustainable world economy.? 
And how might the dynamics of energy markets change? Are we stuck with boom-bust cycles, 
price volatility, and uncertain returns.  
 
Today it appears that OPEC (Saudi Arabia) and some NOCs like Statoil are making significant 
investments in hydrogen / ammonia in their efforts to transform / anticipate our industrial 
economies. Middle Eastern (and North Sea) producers have access to abundance of low-cost 
gas, strong cash flows, carbon capture research / technology, and longer-term survival 
strategies. (figures 2 &3) Of course, the NOCs do not reveal the size, scale, economics, or 
technical details of their blue energy investments. However, we do know from various surveys 
(IEA, Hydrogen Council, Rystad, Royal Society) that we are talking about huge in investments in 
supply and infrastructure to move our economies to a more sustainable Hydrogen world  
 
For example, steel and cement making need to be reconfigured away from coke and high 
energy / heat fossil fuels to hydrogen / ammonia, which also means that you must have a 
pipeline, shipping, and port infrastructure to handle such transitions. This requires a coordinated 
industrial policy involving producers, shipping / pipeline / transport players, ports / distribution 
centers, and manufacturing companies across different markets. Not an easy engineering or 
political task involving a myriad of parties. 
 
Germany and Japan, making energy transition 
The EU / Germany is reeling from the Ukraine war as everyone scrambles to replace Russian 
gas. The immediate push this winter is to LNG and gas from the Middle East suppliers and US, 
however Germany (Rotterdam) does not have the terminals to receive, convert, and distribute 
gas to the industrial sectors or its consumer. Building short term LNG terminals, also postpones 
investments by various players in the supply chain to cleaner, yet more expensive blue 
hydrogen. How to coordinate, build and finance Germany’s transition from gas to hydrogen in 
light of Russian threats, and huge investments is daunting. 
 
Japan’s transition is no less urgent, however MITI and the government / private players have 
developed a long-term plan to move from nuclear following Fukushima to a gas and hydrogen 
economy. It has partnered with Aramco is using Ammonia ships to bring hydrogen to an energy 
isolate island economy. Japan’s vitality also depends on its long-term energy sufficiency.  
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Each of these country case studies, shows the complicated non-linear adjustments to our 
shifting energy mix where suppliers have not fully developed the technologies, nor know the 
costs of supplying hydrogen. And the consumers / industries do not know the price, or the 
amount of investment required to build a more sustainable, secure, greener economy. With 
limited data we demonstrate how NOCs / OPEC may succeed – and make money -- in our 
decarbonized economies as we all navigate our volatile, messy worlds.  
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How the Arabian Gulf Could Become the World’s Clean Hydrogen Hub
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Abdullah Alshangiti, Columbia University, +1 9842683649, Abdullah.Alshagiti@columbia.edu

��������
Hydrogen has received a lot of attention lately due to its potential for decarbonizing hard-to-abate sectors. Multiple
countries in the Middle East have recently updated their Nationally Determined Contributions (NDCs) to the United
Nations Convention on Climate Change (UNFCCC) to include more hydrogen. Two of these countries are the
Kingdom of Saudi Arabia and the United Arab Emirates (UAE). The two largest members of the Organization of
Petroleum Exporting Countries (OPEC ) in the Middle East have shown keen interest in being leaders in the new
hydrogen economy. Saudi Arabia has announced multiple hydrogen Giga-sized projects in the past two years. Saudi
Aramco, the Kingdom’s national oil company, also exported the first shipment of blue ammonia to Japan in 2020.
Ammonia has been looked at as a long distance hydrogen transport method. UAE has announced its Hydrogen
Leadership Roadmap during the 26th Conference of Parties to the UNFCCC (COP26). Due to their natural resources,
gulf countries have immense potential to lead the global export of green and blue hydrogen.

This paper analyses how Gulf countries could utilise their natural resources and current oil and gas infrastructure to
become global exporters of hydrogen. We specifically look at the following questions:

� How can some current natural gas facilities be coupled with carbon capture and storage to produce blue
hydrogen?

� How can gulf countries use their current oil and gas infrastructure (pipelines, ports, oil and gas tankers) to
export hydrogen?

� What are the economic and geopolitical implications of a transition towards hydrogen for the gulf
countries?

�������
This paper provides an analysis of how gulf countries could benefit from the global transition towards hydrogen. A
discussion provides an analysis of how current oil and gas infrastructure; including pipelines, ports, and oil and gas
tankers; could be upcycled for hydrogen production and export. An exploration of the implications of Russia’s
invasion to Ukraine is provided, with a special emphasis on how some of the future European gas imports could be
displaced with hydrogen from the Middle East.

�������
Hydrogen can provide a solution that solves many climate and geopolitical challenges to both Europe and Asia. Gulf
countries possess a tremendous amount of resources which can be utilised to export clean hydrogen to these
markets.

The gulf has huge reserves of gas which can be used for the production of blue hydrogen. This gas is present in the
eastern part of the gulf, which could facilitate the easy export of hydrogen to growing Asian markets. Ample cheap
renewable energy (mainly wind and solar) is also present in the northwest side of the gulf. These resources could be
utilised to produce and export green hydrogen to European markets.

Petrochemical companies’ expertise in drilling could also be utilised in the production of renewable geothermal
energy, which can be used to produce clean hydrogen.

!����������
The Arabian Gulf region possesses both the geographical location and natural resources that could allow it to be a
leader in clean hydrogen exportation.
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Overview 
A sustainable energy mix is developed by the Egyptian government to meet rising demand as well as to transition to 
a more ecologically friendly and varied electrical industry. The Egyptian electricity and renewable energy sector 
represent an influential factor in the proportion of carbon dioxide emissions, it counts as the largest proportion of 
national emissions by about 43.4% of the national greenhouse gases potential. This reflects the importance of the 
enhancing the climate change profile at the sector level through diversifying its energy supply and boost the amount 
of electricity generated from renewable sources, mainly wind and solar, because of the country's expanding domestic 
energy demand.  The importance of renewable energy is emphasized in the 2035 Integrated Sustainable Energy 
Strategy [1] which builds on earlier policies. By 2035, Egypt plans to increase the percentage of electricity generated 
from renewable sources to 42%. In addition, a recent announcement for the climate change strategy up to 2050 
includes five main goals, among these pillars, the first goal aims at magnifying energy efficiency through improving 
efficiency of thermal energy stations, distribution networks and activities related to oil and natural gas [2]. The 
research paper provides a full analysis of the trends during the period (1990 - 2018) and the projections of emissions 
up to 2035 for the Egyptian electricity sector. The methodology used an advanced software tools aiming to provide 
an overview figure for the effect of the new sustainable projects on the country’s updated NDC [3]. This will help to 
prioritize the upcoming projects with the possibility of effectively managing financing needs and provides number of 
scenarios to identify country needs, as well as filling the gaps needed in the international obligations either technically 
or politically in the future. 

Methods 
The paper advances two internationally accredited software tools for calculating GHG emissions. The first software 
used is the official IPCC software to provide a review of the status of emissions where the trends of the emissions 
from the electricity sector were calculated starting from 1990, which is the base year for calculating emissions 
internationally [4], [5]. A comparison was made between the performance of the various electricity production 
companies during the previous years (2008-2018), considering the emission factor (grams / kilowatt-hours) for these 
companies.  
The second tool is the statistical simulation models (R studio), which used in predicting the future emissions of the 
electricity sector [6], [7]. Two prediction modes were made to test the accuracy of the models by calculating the 
coefficient of change (R2), and the most accurate model was chosen, where the future emissions were predicted 
through a set of scenarios. The first Scenario, where the study was applied to the most likely scenario of the Energy 
Strategy 2035 (4b). The second scenario introduces the ratios of coal-generated capacities were transferred to the 
ratios of thermal generation, while maintaining the same ratios of renewable energies and nuclear energy expected in 
the likely scenario of the Energy Strategy 2035. The third scenario advances half of the proposed capacity to be 
generated from coal which transferred to the generation ratios from renewable energies, and the other half was 
transferred to the ratios to thermal capacity, while maintaining the same percentages of nuclear energy expected in the 
likely scenario of the energy strategy 2035 [8]. The Final scenario transfers the proposed capacities to be generated 
from coal completely to the expected generation rates from renewable energies, while maintaining the same ratios of 
thermal generation and nuclear energy expected in the likely scenario of the energy strategy 2035.  
 

Results 
The analysis of the trends of the emissions generated by the Egyptian electricity sector increased from 23.5 million 
metric tons of carbon dioxide equivalent in 1990 to 100 million metric tons of carbon dioxide equivalent by the year 
2018. In addition, an increase in the efficiency of operation of electricity produced from the Egyptian production 
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plants, and the largest decrease in the fuel consumed was reached for the Middle Delta Electricity Production 
Company, where the emission factor decreased from 0.62 to 0.51 (gram/kilowatt hour) during the period (2008 – 
2018). For the results of the analysis of projections of the future expected emissions according to the raised scenarios. 
The first scenario results came with the expectation that the electricity sector emissions for this scenario would reach 
about 130 million metric tons of carbon dioxide equivalent in 2035. The results of the second scenario came with an 
expectation that the percentage of electricity sector emissions for this scenario would reach about 100 million metric 
tons of dioxide. carbon equivalent. The third scenario shows that the electricity sector emissions percentage would 
reach about 70 million metric tons of carbon dioxide equivalent in 2035. While about 20 million metric ton of carbon 
dioxide equivalent, could raises from the final scenario which is the lowest possible percentage of emissions, given 
the total dependence on clean energies in this scenario, amounting about 83% of the total energy produced in 2035. 
 

Conclusions 
The research paper sheds the light on the climate change profile and its importance at the international and regional 
levels. It helps in satisfying the obligatory reports and contributions for Egypt to be submitted to field of climate 
change, this study reviews how to fulfil these reports in line with the requirements of the United Nations Framework 
Convention (UNFCCC). The paper focuses on the past and future emissions for the Egyptian electricity and renewable 
energy sector, which provides the opportunity to prioritize projects during the coming period, with the possibility of 
managing funding needs effectively, and provides the opportunity to identify weaknesses in the climate change profile 
either on the strategic or the implementation phase. In addition, the paper provides overview scenarios for the 
implementation of low emissions actions in Egypt during the upcoming years. These results will pave the way for 
investors and developers to be more confident towards a low emission long-term action plan in the electricity sector. 
The paper considers maximizing technological advancement and expanding financial benefits of renewable energy 
sources in the next decade. 
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Following the Paris Agreement and its climate goals, oil companies have faced increased pressure from stakeholders 
to act on environmental issues. This paper quantifies the emissions of the eight oil majors, investigates their 
commitments for emission reductions, and models the impact of a potential carbon price on their profitability and 
market capitalization. Preliminary analysis shows that between 2011 and 2020, all oil majors have reduced their 
scope 1 and 2 emissions and intensity. Furthermore, two-thirds of the oil majors have committed to becoming net-
zero emission businesses in the long term. A strong influence of the companies’ region of incorporation is observed, 
with European oil companies implementing pathways towards carbon neutrality faster, whereas American oil 
companies remaining laggards in terms of GHG reductions, commitments to sustainability and the energy transition. 
Finally, the paper seeks to quantify that this commitment towards emissions reduction is pursued following an 
economic rationale: the potential introduction of a carbon price of USD 50 per tonne, USD 100 per tonne, or USD 
250 per tonne to the emissions of oil majors could reduce their profitability significantly, thus impacting their 
market capitalization.�

��������
Based on a detailed literature review, the following hypotheses are formulated and will be tested through the 
outlined methodology: 

Hypothesis 1a: Oil Majors are reducing their Scope 1 and 2 Global GHG emissions over the last ten 10-year period 
(2011 to 2020). 

In order to test this hypothesis, it is proposed to establish the scope 1 and scope 2 Global GHG emissions by the 
eight oil majors both in terms of total number of scope 1 and scope 2 GHG emission and in terms of GHG intensity 
per MBOE from 2011 to 2020. The total number of GHG emissions of the respective oil major and the associated 
GHG intensity per MBOE (based on the total production of oil and gas) will be calculated as follows and assessed 
for every year in the evaluation period: 

���� ��������������	�����!�
��
����"�#�"#ope 1 Emissions + Scope 2 Emissions 

(2) GHG intensity per MBOE = (Total Number of GHG Emissions × 1000) / (Production in MMBOE) 

Hypothesis 2a: European Oil Majors are achieving higher reductions in their Scope 1 and 2 Global GHG emissions 
over the last ten 10-year period (2011 to 2020) compared to American Oil Majors. 

To examine this hypothesis, the average reduction in GHG emission and GHG intensity over the last ten 10-year 
period (2011 to 2020) by all European Oil Majors is compared to average reduction in GHG emission and GHG 
intensity by all American Oil Majors. Thus, earlier research findings that show an effect of the companies’ region of 
incorporation on energy transition efforts will be tested to assess whether European oil companies are implementing 
pathways towards carbon neutrality faster than American oil companies. 

Hypothesis 3a: Oil Majors are showing commitment to climate change actions and long-term carbon neutrality. 

To assess this hypothesis, the published Environmental, Social, and Governance (ESG) and carbon neutrality targets 
by the oil majors are empirically evaluated and discussed to determine their overall commitment to becoming net-
zero emission businesses in the long term. Particularly it will be assessed whether oil majors have committed to 
Scope 1 and 2 Net Zero Emission Targets and Scope 3 Reduction Targets; have specific renewable electricity targets 
in place; have established energy efficiency policies; have announced emission reduction initiatives; have set up 
climate change policies; and have discussed the risks of climate change and have started to address its mitigations. A 
“yes” to the majority of these questions would provide support for the above stated hypothesis 3a. 

Hypothesis 4a: The Oil Majors’ commitment towards emissions reduction is pursued following an economic 
rationale. 

                                                                   
CARBON NEUTRALITY OF OIL MAJORS – CURRENT STATUS, TARGETS, AND 
ECONOMIC RATIONALE�

�

[Matthias J. Pickl Ph.D., Saudi Aramco, +966 13 873 3908, matthias.pickl@aramco.com] �
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To test this hypothesis, the impact of the potential introduction of different sets of carbon prices on the oil majors’ 
cost position, Earnings before Interest, Taxes, Depreciation, and Amortization (EBITDA), and market capitalization 
is modelled. For the purpose of this analysis, it is assumed that the impact of a CO2 price is tied to direct (scope 1 
and 2) emissions, that costs for such emissions will be borne by the emitter (i.e., the oil companies), that buying 
CO2 permits is the chosen market responses by the oil companies (or that alternative responses such as investing in 
lower emissions businesses and switching to carbon neutral technologies would lead to similar costs), and that the 
timing of the application of the carbon tax is in line with the IEA Net Zero by 2050 Roadmap. Furthermore, 
Earnings before Interest, Taxes, Depreciation, and Amortization (EBITDA), the standard multiple for valuations, is 
used as a proxy for profitability to better compare across the oil majors as this metric is normalized for differences in 
capital structure and taxation. EBITDA multiples generally tend to yield better estimates than EBIT multiples. The 
impact on profitability and market capitalization is modelled as follows: 

(3)� Cost Impact = Total GHG Emissions Scope 1 and Scope 2 × Carbon Price 

(4)� Adjusted EBITDA = EBITDA (5-year average) - Cost Impact 

?@H� Revised Market Cap = Adjusted EBITDA × EBITDA Multiple�

��������
Preliminary analysis shows support for most of the hypotheses. Detailed results will be presented at the conference. 

��!"�����!��
This paper aims to quantify the GHG emissions of the eight oil majors – Royal Dutch Shell, ExxonMobil, Chevron, 
TotalEnergies, BP, Eni, Petrobras, and Equinor – to ascertain whether oil majors are reducing their Scope 1 and 2 
Global GHG emissions over the last ten 10-year period, and to assess the commitments the eight oil majors have 
announced to reduce these in future. Furthermore, the paper set out to model the impact of different sets of carbon 
dioxide prices on the profitability and market capitalization of the oil majors, to determine whether the oil majors’ 
commitment towards emissions reduction is pursued following an economic rationale. The majority of hypotheses 
found support by preliminary empirical analysis. Further research may focus on how oil companies should reach 
carbon neutrality over time, assessing the trade offs between divesting, reducing existing emissions, and developing 
less carbon intensive businesses. GHG reductions need to be assessed within several oil business-related activities 
(drilling, flaring, production, venting, processing, and liquefaction) while also considering the special challenges 
different regions face. Overall, the energy transition towards carbon neutrality may represent the biggest challenge 
in the corporate strategy of oil majors and deserves further research.�

��#���!"���$����"���<�
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Overview 
Material transition plays on the petrochemical industry role as carbon transformer into valuable end-consumer 

products, such as wind turbine, solar panels, housing insulations and transportation vehicles. It focuses on the “carbon 
vault” potential of petrochemical products and also as an enabler of a low-carbon solutions. The “carbon vault” 
describes not only the role in achieving energy-saving solution but also the benefit of storing carbon in long life end-
consumer products. For example, for every ton of GHG emitted by the global chemical industry its products and 
technologies enable over 2 ton of GHG emissions savings. However, if this is coupled with further emission policies, 
GHG emissions savings enabled by the chemical industry could increase to over 4 ton for every 1 ton of emissions by 
2030 . Even recovered plastics can be used in other applications such as construction materials for road and pavements. 

                                                                   

MATERIAL TRANSITION IN AN ENERGY TRANSITION WORLD 

[Samuel Liew Loong Wei, Saudi Aramco, 0138730223, Samuel.liew@aramco.com] 
[Mohammed A Abusham, Saudi Aramco, 013-8744517, mohammed.abusham@aramco.com]  
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Overview 
 Hydrogen has been described as an energy carrier suited for decarbonization of hard-to-abate-sectors such 
as high-heat industrial processes, aviation and marine shipping. The low-carbon hydrogen options have broadly been 
described as (i) green hydrogen derived from electrolysis with electricity from renewable sources or (ii) blue 
hydrogen which is derived from stream reformed natural gas paired with carbon capture and storage (“CCS”). The 
relative role of green and blue hydrogen in the energy transition can be described as their respective abilities to see 
costs compressed over time. This paper aims to look at the different cost components in green and blue hydrogen to 
analyze the cost compression potential of different components that drive levelized cost of hydrogen (“LCOH”) out 
to 2030 and beyond. 
 

Methods 
Comparison of bottom-up- and top-down cost development drawn from analogies across industries. The 

conclusions will be compared and then further analysed to draw relevant conclusions around the most likely winner 
in the technology race in the energy transition. 

 

Results 
Yet to be determined. 

 

Conclusions 
Yet to be determined 

 

References 
 

 

 

 

                                                                   

FORECASTING THE RATE OF COST REDUCTIONS IN BLUE AND GREEN 
HYDROGEN 

 
Anders Norlen, Saudi Aramco, +96655-136-7618, anders.norlen@aramco.com 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

n
v

ir
o

n
m

e
n

t



272

 

 

 
  

Saudi Aramco: Company General Use 

Saudi Arabia’s Aviation Sector Ambitions and Potential Pathways for 
Decarbonizing the Sector  

David Omom, Saudi Aramco, +966 13 873 5801, david.omom@aramco.com 
Muhammad Akmal, Saudi Aramco, +966 13 874 6076, muhammad.akmal@aramco.com 

 
Overview 

Saudi Arabia recently announced its National Aviation Strategy which seeks to transform the Kingdom in 
to a global aviation hub, in line with the government’s economic diversification plans and ambitious 
tourism targets. The strategy aims to more than triple annual passenger throughput from 103 million in 
2019 to 330 million; increase air cargo throughput from 0.7 million tons in 2019 to 4.5 million tons; and 
improve the Kingdom’s city-to-city direct connectivity from 151 to over 250 – all by 2030.  

The underlying goal is to increase employment in the sector from 0.3 to 1.1 million and annual GDP 
creation from $21 billion to nearly $75 billion by 2030. To this end, the government aims to invest 
around $97 billion, of which up to $79 billion is expected to come from the private sector.  

Using publicly available data, we have modelled the implications of these targets on airline capacity and 
throughput; on jet fuel demand and on greenhouse gas (GHG) emissions. 

Methodology 

The study employs a two-stage analytical framework. First, the forecasts of passenger throughput and 
passenger-kilometers for domestic, international and transit segments are developed as a function of 
population and GDP as well as tourism targets and airline strategies. At the second stage, taking travel 
forecasts as exogenously given, the projections of fuel demand and supply requirements as well as GHG 
emissions are prepared at a granular level. 

Most of the data/information is obtained from public sources, including from Saudi Arabia’s General 
Authority of Civil Aviation and the Ministry of Transport and Logistic Services. The paper also utilizes 
Saudi Aramco’s internal projections of population and GDP for Saudi Arabia. In the results, passenger 
throughput is presented in form of airline format (origin to destination) data rather than the alternative 
airport format (origin plus destination) count, that is the basis of the target. 
 
Results 

Under the National Aviation Strategy, total passenger throughput grows three-fold from 76 million in 
2019 to 251 million by 2030 by 2030. Representing almost a third of overall traffic, domestic passenger 
throughput increases from 27 million passengers in 2019 to 79 million passengers by 2030. Over the 
same period, international traffic grows from 46 million to 142 million passenger while international 
transit throughput grows almost 10-fold to 30 million passengers by 2030. Fulfilment of these targets 
offers a generational opportunity to expand Saudi airlines.  Indeed, the traffic carried by Saudi registered 
airlines rises nearly four-fold to 171 million by 2030, split between Saudia, Flynas and Flyadeal as well as 
the two new PIF-funded airlines (RIA and NEOM). 
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Underpinned by the anticipated sharp growth in air travel, the demand for aviation fuels is seen to 
increase from 88 thousand barrels per day (MBD) in 2019 to 305 MBD by 2030. Fuel consumed by 
domestic and international flights in Kingdom is estimated at a lower 164 MBD, of which domestic 
flights account for around 20 MBD. Similarly, GHG emissions from the aviation sector are projected to 
increase from 17 carbon dioxide-equivalent megatons (MtCO2-e) in 2019 to 45 MtCO2-e by 2030. In line 
with this overall emissions trajectory, GHG emissions from the operations of Saudi registered carriers 
are projected to reach 25.8 MtCO2-e by 2030 (15.5 MtCO2-e on international flights). Of the 
international footprint, a third will need to be offset under the Carbon Offsetting and Reduction Scheme 
for International Aviation framework developed by the International Civil Aviation Organization. These 
volumes are expected to increase sharply beyond 2030. An ongoing revision of the paper extends the 
time frame of analysis to 2060 where the trade-offs between sustainable aviation fuels, traditional jet 
fuel and offsets are much sharper. 

Conclusions 

The recently announced National Aviation Strategy by Saudi Arabia aims to increase the air passenger 
throughput more than three-fold to 330 million by 2030.  If implemented successfully, the strategy will 
transform the aviation sector into a major source of employment and value creation, with total 
workforce numbers exceeding 1.0 million by 2030. The consequent surge in the demand for aviation 
fuels will however pose considerable decarbonization challenges in the face of an increasingly carbon 
constrained environment, both domestically and internationally. To better understand the true scale of 
the challenge and study alternative decarbonization options, the outlook horizon is currently being 
extended to 2060, broadening also the fuel coverage to include bio- and synthetic fuels. 
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Overview 
 According to Bloomberg New Energy Finance (BNEF), there are now almost 20 million passenger electric 
vehicles (EVs) on the road. In recent quarters, the increase in EVs sales showed impressive growth. Similarly, 
nations around the world have announced targets to limit internal combustion sales. Electrification is also expected 
to reach other transport subsectors including trucks. Thus, demand for electricity arising from the road transportation 
sector can be large, which at present account for almost one-third of total energy related CO2 emissions. There is a 
credible risk that emissions from the power sector amid slow transition can outweigh the saved emissions from the 
transportation sector if electricification accelerates. In such scenarios, efficient light-weight ICE vehicles can 
alternatively help into a smooth transition. 

Methods 
Detailed bottom-up analyses of country specific forecasts on EVs penetration at different levels against different 

transition paces in the power sector will be compared. These scenarios will then be compared against alternative routes 
of co-development of EVs and highly efficient and low-cost ICEs to demonstrate a pragmatic transition that is fit for 
all sectors. 

 

Results 
Yet to be determined. 

 

Conclusions 
Yet to be determined 
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[THE CONSEQUENCE OF ELECTRIFICATION OF ROAD VEHICLES FASTER 
THAN THE TRANSITION IN THE POWER SECTOR] 

Mohd Rahman, Saudi Aramco, +96613-874-5199, mohd.rahman@aramco.com 
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Overview 
Indonesia’s Government has a commitment to mitigate climate change by setting targets for emission reduction 

and Net Zero Emission (NZE) by 2060. The roadmap has been established with a target of 23% renewable energy mix 
and should be achieved by 2025 (MEMR 2021). According to the Ministry of Energy and Mineral Resources 
(MEMR), biomass reserves in Indonesia have a total potential of 43.211 GWh per year (Kuvarakul et al. 2015). In 
this case, PLN as Indonesia State Electricity Company is committed to support the realization of targets by utilizing 
biomass. To support this target, PLN has program to use a mixture of biomass with coal (biomass-coal cofiring) for 
existing coal fired power plant (CFPP) in 52 locations. 

Biomass has advantages as a substitute for fossil energy. Some of these advantages include: biomass can reduce 
the greenhouse effect, reduce organic waste, protect water and soil cleanliness, reduce air pollution, and reduce acid 
rain and acid fog. Biomass feedstock usually has to be converted in various ways into solid, liquid, or gaseous fuels 
that can be used to provide heat energy or generate electricity (European Parliament and the Council 2005). 

Cofiring CFPP produces fly ash as a product of burning coal-biomass. The utilization of fly ash gives positive 
impact on landfill space and also encourage global emission reduction. Several studies have been done related to the 
performance of reinforced concrete containing fly ash and recently about the utilization fly ash in carbon capture 
technology (Balachandra et al. 2021). 

The objective of this study is to analyze the characteristics of fly ash with the variation of biomass from cofiring 
CFPP and find out the potential fly ash utilization based on its characteristics. 

 

Methods 
Five different biomass of power plants are investigated in this research, such as woodchips, sawdust, Palm Kernel 

Shell (PKS), rice husk, and corn cobs. The literature review is applied for the methods in this paper. Recent numerous 
studies and literatures are investigated. A three-step approach was followed to investigate fly ash utilization for 
concrete admixture and carbon capture: 

1. Investigation of fuel characteristic (coal and biomass) and fly ash analysis from each power plant. 

2. Comparison of fly ash analysis with standard ASTM C618 and review of the recent FA utilization studies for 
cement admixture. A carbonation test with phenolphthalein pH indicator is conducted to confirm the depth 
of carbonation in concrete visually after immersion in NaCl 3.5% solution. 

3. Characterization of fly ash with Scanning Electron Microscope (SEM) and review from the recent studies of 
fly ash utilization for carbon capture from each power plant.  

 

Results 
1. Chemical compositions of fuel and fly ash are mainly affected by the characteristic of biomass, coal and 

boiler technology. 

2. Based on ASTM C618 requirement, power plant that used PKS, and rice husk as biomass could be used for 
pozzolanic material as F Class. These several biomasses are very potential to be developed in Indonesia due 
to abundant natural resources. 
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3. All of the fly ash characteristics from cofiring have a potential development and research for carbon capture 
to give alternative sorbent material besides amine. Due to the round shape of fly ash, it becomes a porous 
material as shown in SEM results. Porous materials give a better adsorption characteristic and have stable 
metal oxides, like Al2O3, SiO2, and, CaO. 

 

Conclusions 
CFPPs are still the main role in electricity generation in Indonesia. Biomass-coal cofiring as a strategic program, 

has potential to support the renewable energy mix target of 23% in 2025. Fly ash utilization as solid waste for cement 
admixture and carbon capture, able to reduce landfill of fly ash and emission reduction to achieve NZE by 2060. 
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Overview 
ABSTRACT 

A significant proportion of residential apartments in Jordan are affected by moisture problems, mold growth on 
walls and thermal discomfort. These problems are mainly related to poor wall thermal insulation and lack of 
building quality control. The aim of this work is to quantify the percentage of thermally insulated buildings in 
Jordan, and to identify gaps in building codes enforcement system in order to inform policy makers and recommend 
remedy measures. A carefully designed questionnaire-based field survey was done for 500 residential apartment 
units in Amman, the questionnaire was aided with a ground-truthing Infrared Screening (IR) for building’s 
envelopes to check the validity of answers in the filled questionnaires. Main findings of this work showed that only 
5.8% of the 500 surveyed residential apartment units in Amman had thermal insulation. This unexpected result, not 
in line with the country’s energy efficiency, climate, green buildings, and environmental plans. As a result of the 
recommendations from this research, a new regulatory and procedural changes underway from entities involved in 
building code violation, which will help augment enforcement of building codes apparentlyMethods 
The results show that the highest percentage of insulation was in the walls and the roof, where the percentage of houses 
that the insulation of 92.9%, while the proportion of housing that was isolated in the ceiling only 3.6%, and the 
percentage of isolated housing in the walls only and the part of the ceiling 1.8% each, Figure (11). 

Methodology 

A random simple sample was used on a group of blocks in two representative administrative districts (zonings), 
namely Alkoum and Alsahaba, in Amman City Figure (3), to be subjected to the survey (Table 1). The two districts 
were selected based on observing the spatial trends in housing expansion�in the city, which was found to be 
accelerating faster in three directions of the city. But the southern part of the city was expanding at a faster rate 
than the northern and eastern directions, compared to a slower expansion to the west side due to fronting with the 
administrative boundaries of the nearby Albalqa and Madaba Governorates Figure (3). One of reasons behind the 
northern and eastern or northeastern housing expansion is attributed to a growing re-locating activity of big 
number of commuters to Amman from the second largest nearby city in Jordan, namely Zarqa City, bounding 
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Amman totally from the north and northeast (Fig. 1). Those relocating commuters found the northern, northeastern 
and eastern parts of Amman close regions to their original places of residency in Zarqa. The southern expansion 
direction is mainly attributed to the vast open lands available for housing construction projects where 
administrative borders of the nearest major residential city in the south is faraway to restrict expansion, which now 
bypassed the international airport in the city, a place used to be a faraway landmark in southern Amman. 

Fig. 1. A map of Jordan's governorates and boundaries and location of Amman City 
Results  

The questionnaire analyses revealed that 58.4% of the surveyed samples had an apartment area between 
��� �to ����� m2 Figure (4), which is the common size of apartments for the middle class in Jordan, the latter equal to 
70 per cent or more of the population in Jordan (Fanek, 2018). 
 

Conclusions 
� This was a first of its kind advocacy-oriented research in the history of the country to advocate a prolonged 

overlooked basic right, published based on original evidence data generated from a carefully-designed 
questionnaire and   aided by a ground trothing state-of-the-art IR imagery technology; 

� The absence of thermal insulation in dwellings in Amman (only 5.8% insulated) could be one of the main 
reasons of the high-energy consumption rate of the household sector in the national energy balance 
compared to other sectors; 

� At the time of submitting this paper for publication, some fruits of the research-based organized advocacy 
campaign because of this project started to be cultivated. The campaign encompassed, after conducting the 
field survey, preparing a position paper, producing a short awareness-raising documentary uploaded on 
YouTube in Arabic (Abdel-Fattah, 2018), releasing media and press articles, and holding roundtable 
stakeholder meetings bounded representatives from the six building codes-involved [Format:  single space, 
10 point font, Times New Roman] 
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Overview 
This article studies a crucial question, which has been at the core of the economic and political debate in the last 

few decades, that is, the ability of energy efficiency to alleviate environmental degradation in emerging economies. A 
focus is made on Saudi Arabia, which is the largest country in the Middle East, both in terms of land and economy, 
and has recently faced significant urbanization and population growth. Since 1990, structural reforms in Saudi Arabia, 
also known as "Saudization," have been developed to boost the country's privatization, encourage economic 
diversification, and foster investment regimes. In 2016, the country also established the "Vision 2030 plan", seeking 
to expand the sustainability of resources for future generations while maximizing the well-being of citizens in the 
present. Reducing the economy's carbon footprint has then been at the core of country's recent energy policies, in 
compliance with the country's commitment to Paris Agreement goals and its long-term environmental protection plans. 
Essentially, Saudi Arabia, in 2021, announced its commitment to achieving net-zero emissions target by 2060. 
Therefore, this study examines how energy efficiency may contribute to achieving Saudi Arabia's carbon neutrality. 
First, It implements an empirical approach to investigate the impact of energy efficiency on CO2 emissions. It then 
simulates the contribution of energy efficiency to Saudi Arabia's net-zero commitments by 2060.  

This article makes two significant contributions to the literature on the carbon-energy intensities nexus. First, its 
empirical contribution relies on using a large sample covering almost four decades, from 1971 to 2020, in a context 
of a booming economy committed to the energy transition, Saudi Arabia. Second, its methodological contribution 
consists of developing an innovative quantile regression (QR) approach, along with a simulation process seeking to 
forecast the joint dynamics of carbon and energy intensities, aligning with the Saudi government's energy efficiency 
improvement objectives. 

Methods 
This study uses annual data from 1971 to 2020 for Saudi Arabia to analyze the relationship between environmental 

quality and energy efficiency. Data are sourced from World Bank Development Indicator (WDI), the International 
Energy Agency (IEA), and Enerdata. First, environmental quality is proxied by carbon intensity, which represents our 
dependent variable. It measures the amount of CO2 produced, or emitted, per dollar of GDP, hence obtained by taking 
the ratio between global annual CO2 emissions (in Mt) and the country's GDP (in constant price, 2015 US dollars). A 
lower and decreasing carbon intensity, therefore, constitutes good news for both the environment and the economy. 
Second, energy efficiency is proxied by Saudi Arabia's level of energy intensity. The same concept applies: it indicates 
how much energy is used to produce one unit of economic output. Computed by dividing the country's energy 
consumption (in Koe) by its GDP (in constant price, 2015 US dollars), a lower ratio indicates that less energy is used 
to produce one unit of output, the economy is then more energy-efficient. Total energy consumption includes coal, 
gas, oil, electricity, heat, and biomass. Third, electricity intensity is used later in the analysis to explain carbon 
intensity. It consists in dividing the annual electricity consumption (of residential, tertiary, and agricultural sectors, in 
kWh) by the country's annual GDP (in constant price, 2015 US dollars). The Augmented Dickey-Fuller and Phillips-
Perron unit root tests indicate that variables are stationary in their levels. 

To achieve our goal of analyzing the carbon-energy intensities nexus, we apply a QR model, which expands the 
mean regression model to conditional quantiles of the dependent variable, and is then able to examine the asymmetric 
features of the dependent variable distribution. Having many advantages over the Ordinary Least Squares (OLS) 
modeling, QR reveals distributional effects that can significantly differ across quantiles. According to the 
heterogenous distribution of carbon intensity, we delineate five quantiles (0.10, 0.25, 0.50, 0.75, and 0.90). Post-
estimation quantile equality slope and symmetric quantile tests jointly confirm the suitability of QR to answer our 
research question.  

The robustness of our QR model is first tackled by changing our variable of interest. Indeed, we narrow our scope 
of analysis and opt for electricity intensity instead of energy intensity in a broader sense. Second, several control 
variables explaining carbon intensity are added to the model to avoid omitting a relevant variable and, eventually, 
obtaining biased estimators. Following the literature, they are: total exports and imports as a share of GDP as a proxy 
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of trade openness, population density (person per square kilometer of land area), and annual cooling degree days 
(CDD) as a proxy of climate. We also include two dummies accounting for the country's recent energy price reforms 
which occurred in 2016 and 2018. Since reforms seek to curb national energy consumption, resulting in a decrease in 
carbon intensity, we expect the coefficient of the dummies to be negative. 

We further extend the analysis and proceed to out-of-sample forecasts over the 2021-2060 period. We test the 
effect on carbon intensity of a 30%-reduction of energy intensity scenario, attained in 2060, with an intermediary 
15%-reduction objective in 2030, which corresponds to an energy efficiency improvement in Saudi economic growth. 
Predicting the impact of such a scenario can help policymakers scale up efforts, design effective mitigation policies, 
and consider energy efficiency as a vehicle for achieving climate stability and building a better future. 

Results 
A first OLS model is developed and estimates the linear and average relationship between carbon and energy 

intensities, revealing the strong and significant impact of energy intensity on carbon intensity: a 1%-decrease in energy 
intensity, i.e., a more energy-efficient generation of Saudi GDP, decreases carbon intensity by 0.42%, in general. In 
agreement with the model's underlying conditions, this regression yields normal and homoskedastic residuals and a 
satisfactory R-squared of 0.88. Further empirical investigations conducted via QR, show that the effect of energy 
intensity on carbon intensity is significant and heterogeneous across quantiles: the most potent impact of a 1%-
decrease in energy intensity occurs at the 25th quantile and reaches a 0.45%-decrease in carbon intensity. Parameters 
estimates follow a bell-shaped distribution across the five quantiles of carbon intensity.  

Our model is robust to several changes in the estimation process. First, narrowing our scope of analysis by 
replacing energy intensity with electricity intensity suggests consistent results. The effect of electricity intensity on 
carbon intensity is also heterogenous across quantiles, ranging from a significant 0.21% to 0.26%-decrease in carbon 
intensity after a 1%-decrease in electricity intensity. However, changes in electricity intensity affect carbon intensity 
less than changes in energy intensity since the latter encompasses more energy types (coal, gas, oil, heat, and biomass, 
on top of electricity). It is therefore logical that the consumption of a particular energy, here electricity, is less 
responsible for CO2 emissions than all energies combined. Regardless of quantile distribution, a simple OLS model 
provides a significant estimate of the effect of 0.23%, along with a satisfactory R-squared of 0.87 and normal residuals. 
Comparing the goodness of fit of the two OLS models indicates that our main model, including energy intensity rather 
than electricity intensity, is more accurate since the lowest values of AIC and BIC are jointly reached, along with a 
slightly higher R-squared. Second, adding controls (trade openness, population density, CDD, and two dummies 
referring to the recent national energy price reforms) to the model explaining carbon intensity confirms the absence 
of omitted variable bias, since none of the controls are significant, a conclusion reached by both OLS and QR models. 
Results also suggest that the effects of energy price reforms are yet to come. All in all, energy intensity is the country's 
best and unique determinant of carbon intensity. Surely it is due to the energy efficiency concept's large scope and the 
variety of its indicators and determinants. Energy efficiency is undoubtedly influenced by climate, population size, 
growth, and repartition on the territory, but also by trade, especially when exports consist almost entirely of petroleum 
and derived products, as is the case in Saudi Arabia. The non-significance of controls is then not surprising as they 
are already implicitly accounted for by energy efficiency, proxied by energy intensity. 

Finally, forecasts of Saudi Arabia's carbon intensity, based on the simulated future energy intensity (30%-
reduction by 2060, the intermediary objective of 15%-reduction in 2030), suggest that this effort, if realized, indeed 
puts the economy on the right track since carbon intensity is curbed by 19%. This result is promising: since the tested 
scenario only focuses on energy efficiency improvement, hereby proxied by reductions in energy intensity, it indicates 
that concentrating efforts on energy efficiency only already participates to one-fifth of the government's objective. 
Other levers can be activated to reach the remaining four-fifths and accelerate the decarbonization of the economy, 
such as the development of hydrogen, the diversification of energy production and consumption sources, and the 
openness to greener energies.  

Conclusions 
Saudia Arabia must ambitiously curtail GHG emissions to achieve climate sustainability goals. Drawing on an 

empirical approach, this article highlights the role of energy efficiency in shaping GHG emissions in Saudi Arabia. 
The results illustrate the prominent role of energy efficiency in determining past and future GHG emissions in the 
Kingdom. Offering robust estimates, the use of OLS and QR reflects the heterogeneity of the impact of energy 
efficiency improvement on carbon intensity. The forecast of future carbon intensity after energy efficiency 
improvements in the Saudi economy confirms that ongoing efforts will put the country on the track to carbon 
neutrality. This is also suggestive of the need to activate other levers having the ability to accelerate the energy 
decarbonization process, including carbon capture and storage, and green energy technologies. 
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Overview 
The residential sector has been the highest electricity consumer in Saudi Arabia for decades. In 2020, the sector 

accounted for 47 percent of total domestic electricity consumption, around 138 TWh. Yet, the potential for 
enhancing energy efficiency, and hence reducing electricity demand and mitigating carbon footprint within the 
sector has remained mostly untapped. Thus, improving the sector’s energy efficiency can curb the overall domestic 
energy demand, alleviate depleting natural resources, mitigate greenhouse gas emission, and pave the way for the 
Kingdom’s 2060 Net Zero target. This paper aims at forecasting the residential electricity consumption and 
assessing the impact of energy efficiency on curbing the demand in exiting and future Saudi homes. The forecast is 
part of the Residential Energy Model (REEM), a KAPSARC model that simulates electricity consumption of the 
entire residential building stock by different building types, vintages, and geographical locations. Thus, the ultimate 
goal of this paper is twofold, i) to forecast the residential electricity consumption and predict its growth up to 2060, 
and ii) to evaluate the effectiveness of different energy efficiency programs in diverting the expected upward growth 
in order to contribute to Saudi Arabia’s net zero target by 2060. The paper is expected to examine different energy 
efficiency scenarios dedicated to either existing, new buildings, or even both. The paper, and ultimately the model, 
is expected to provide policy makers with insights regarding how, when, and where to invest in energy efficiency in 
order to achieve a certain level of electricity consumption, and hence carbon footprint. 

 

Methods 
This research work aims at constructing a forecast of the residential electricity demand and linking it to the 

Residential Energy Model (REEM), which is an engineering-economic bottom-up model to simulate energy 
consumption of the entire Saudi residential building stock by building type, vintage, and weather conditions. The 
electricity forecast is based on the historical electricity consumption as well as some other factors, that have been 
playing a significant role in shaping the demand, such as GDP, electricity prices, etc. The analysis, afterword, 
disaggregates the forecasted electricity consumption into two portions, electricity consumption caused by the 
existing buildings, and an anticipated electricity consumption caused by the future (new) stock. The latter is the 
difference between the overall forecasted electricity consumption and the baseline of the existing stock. Given the 
capabilities of REEM to simulate the impact of different energy efficiency programs on residential electricity 
demand, the simulation helps policy makers to predict changes in the forecasted electricity consumption associated 
with different energy efficiency programs dedicated to existing stock or new buildings. In other words, the analysis 
can help policy makers identifying the optimum energy efficiency retrofits for existing buildings as well as 
designing the standards of new buildings so that they collectively contribute to the national 2060 net zero target. 

 

Results 
As mentioned above, this paper, and ultimately the model, aim at estimating the residential electricity demand 

by 2060, when Saudi Arabia is expected to reach net zero carbon footprint. Thus, the main output of this analysis is 
a forecast of the residential electricity consumption that extends from 2022 to 2060. This forecast will show the 
evolution of residential electricity demand associated with different potential energy efficiency programs to be 
implemented within the existing buildings and potential stringent standards to be enforced on new buildings. In 
addition, the analysis also shows the expected residential electricity demand if Saudi Arabia maintain the current 
efficiency policies both for existing and new buildings at any given year throughout the forecasted period. For 
example, if Saudi Arabia has a plan to enforce new insulation standards on new buildings starting from 2030, then 
the analysis can compare the expected electricity consumption relative to a scenario where no new insulation 
enforcement was introduced. In other words, the analysis can show the impact of this new policy on the evolution of 
electricity demand from the date of implementing the policy to 2060. 

                                                                   

The Role of Residential Energy Efficiency in Reducing Energy Demand and Reaching Saudi 
Arabia’s 2060 Net Zero Target 

Mohammad Aldubyan, KAPSARC, +966112903164, mohammad.dubyan@kapsarc.org 
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Conclusions 
In order to reach the carbon emission net zero goal by 2060, Saudi Arabia has to target the main drivers of local 

energy consumption. The residential sector has been the largest consumer for electricity driven mainly by the hot 
weather conditions, and hence the heavy demand for cooling, among other factors. This paper shows a long term 
forecast of residential electricity consumption (up to 2060) and the expected impact of different energy efficiency 
programs on curbing the future consumption in order to achieve the net zero goals. The analysis shows different 
scenarios for the most effective energy efficiency programs dedicated either for existing buildings, new standards 
for new constructions, or both. 
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Overview 
In this paper, a concept for using solar-powered phase change material (PCM) cold thermal storage to boost the cooling 
performance of an air conditioner in Dhahran, Saudi Arabia, is given. The thermal performance of a novel porous 
Ca2

+-doped MgCO3 matrix with PEG as the functional phase is evaluated by reducing the air temperature entering the 
evaporating coil. Instead of using the energy-intensive AC compressor, the system utilizes the cold PCM that was 
stored during off-peak hours. It reduces cooling expenses and carbon emissions by using just 5% of the power normally 
required. This system is totally powered by solar photovoltaics, which reduces energy consumption, carbon emissions, 
and operational expenses for customers.  

Methods 
The photovoltaic powered PCM thermal storage system coupled with the air conditioning system consists of a solar 
PV system, refrigeration system, PCM thermal storage system, and traditional air conditioning system. The working 
diagram of the system is shown in Figure 1. The system is directly coupled with the existing AC units. PV panels 
installed over the system, receive solar energy from the sun and convert it into direct current (DC), producing electrical 
energy during daytime. This DC can be converted into an alternating current (AC) by using an inverter or use directly 
to run the refrigerator system as shown in Figure 1. 

 

Figure 1: Working principle of photovoltaic powered PCM thermal storage system coupled with the air 
conditioning system 

The battery bank will also be installed to maintain stability in energy supply during the operation. The refrigerator coil 
will be immersed in the PCM solution stored in the additional TES tank. The novel porous Ca2+-doped MgCO3 matrix 
and PEG as the functional phase is used as a PCM. PEG/CaMgCO3 composites PCM used in the system because of it 
high thermal enthalpies, stability and operational temperature range as compared to traditional shape stabilized PCMs. 

g y g

                                                                 

 Performance assessment of air conditioning system assisted by photovoltaic cold 
thermal storage 
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The secondary refrigerant from refrigerator circulates through the copper coils absorb heat from the PCM store in the 
insulated tank and solidifies it. This phase is known as the charging phase. When all the PCM unit becomes solidified, 
the condensing unit then switches off. The stored solidified PCM remaining in its position until cooling energy is 
needed. During daytime when the ambient temperature rises, the existing AC unit must do extra work to cool the 
buildings, and hence power consumption increases. During this time, the solidified PCM comes into play and rather 
than supplying cooling through the compressor of AC units, solidified PCM start melting to absorb the energy of hot 
refrigerant and supply cool refrigerant in the additional cooling coil. The coil and refrigeration system is designed for 
maximum exchange of energy at all sorts of ambient and indoor temperature. As the system is physically isolated 
from existing compressor units, its operation can be controlled independently.   
 

Results 
The performance of photovoltaic powered PCM thermal storage system coupled with the air conditioning system were 
carried under six different conditions as present in Figure 1. Type A to Type C conditions represent outlet air 
temperature under variable input air temperatures which were 33 °C, 34 °C and 35 °C. Type D to Type F conditions 
represent outlet air temperature under variable input air flow rate which were 900 CFM, 750 CFM and 500 CFM. 
 

  
 
Figure 1. A: Variation of outlet air temperature under variable input air temperature condition; B: Variation of outlet 

air temperature under variable air flow rate conditions 
 
The influence of air flow rate and entrance air temperature on exit air temperature over the course of a day was noted 
in Figures 1 A and B. A greater heat load is the result of an increase in input air temperature or air flow rate. The 
propagation of heat accelerates the melting of PCMs. Therefore, the rate of heat transfer will decrease. Consequently, 
the output air temperature increases as the input air temperature rises. In addition, the output air temperature curve in 
Figure 1 B rises as air velocity increases, resulting in a maximum increase in discharge air temperature. More results 
will be presented in full conference paper.  

Conclusions 
Using an experimental approach based on the effective heat capacity technique, the effectiveness of a photovoltaic-
powered PCM thermal storage system paired with an air conditioning system is investigated. Calculations of the 
effects of the input air temperature and air flow rate on the system's performance are based on the system's melting 
period throughout the day. Higher intake air temperature and air flow rate raise the output air temperature and the 
amount of heat absorbed by the PCMs, respectively, while also accelerating the rate of heat transfer and decreasing 
charging time. 
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Energy efficiency for sustainable development in Nigeria.

1Humphrey Otombosoba Oruwari ( PhD)
NNPC Upstream Investment Management Services (NUIMS) a subsidiary of Nigerian National Petroleum Company 
(NNPC)
Borno project House opposite Federal High court Maitama Abuja
horuwari@gmail.com 08035521748
2 Lucky Itsekor (DBA), Valourteyn Nigeria Limited

Abstract
Objectives/Scope:
The objectives of the study are as follows: Examine how energy efficiency can promote industrialization and job 
creation. Assess how energy diversification helps in reviving the Nigeria economy. Discuss the impact of economic 
growth with reference to energy efficiency. Indicate the ways Nigeria can improve its energy capacity with 
renewable resources and finally make recommendations for policy decisions.
Methods, Procedures, Process: The methodological framework for the study comprised extensive literature 
review and policy analysis. The literature review will focus on energy policies and institutional issues in relation to 
energy efficiency across various the different region of the world. The Nigerian government policy on energy 
efficiency will be reviewed to discuss certain hitherto neglected strategies and mechanism with an overall 
orientation that gives general direction and chart the way forward for sustainable management of energy resources. 
Relevant literature report from form journal, text books, energy policies and relevant government agencies like the 
Nigeria National Petroleum Company (NNPC), Energy Commission of Nigeria (ECN), and documents from 
different multinational operating in Nigeria. Also, articles dealing on energy efficiency and sustainable development 
were consulted. The policy options that support energy efficiency were analyzed.
Results, Observations, Conclusions: The study finding revealed that energy efficiency resulted in cost saving and 
revenue generation while the use of renewable sources like hydro and solar energy reduced environmental pollution. 
Energy efficiency also enhanced energy security and will mitigate climate changes due to reduced emission of green 
house gases into the atmosphere. In conclusion, energy efficiency can contribute to all the three pillars of sustainable 
development namely economic, social and technological dimension in the Nigerian economy. The study 
recommended that in order to reduce the challenges associated with energy access and use there should be creation 
of an enabling environment like provision of fund for energy generation and development to attract investment in 
energy sector. the government of Nigeria should institute a regulatory framework that protect the interest of 
investors in energy market. There should be correct pricing of energy resources to enable cost recovery by investors. 
Also, research and development in energy field should be encouraged.
Novel/Additive Information: The paper provides a strategic management model for efficient management of 
energy resources in Nigeria. The proposed model can be used as an input into wider risk assessment frame work 
for investment decision.
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Overview 
A time-series spatial-economic simulation model of the future development of Riyadh, Saudi Arabia was 
constructed, following the Production Exchange Consumption Allocation System (PECAS) framework.  A short-
term annual equilibrium spatial interaction model based on a unification of random utility theory with input-output 
theory works together with a real estate supply/demand model for the cadaster.  The PECAS framework is 
commonly used to predict transportation energy use; we extended the framework to include the use of electricity by 
households, which is used primarily for cooling. A disaggregate residential electricity demand model was estimated 
based on self-reported electricity consumption, which considers demographic characteristics (household size, 
ethnicity, etc.) and dwelling characteristics (dwelling size, structure type, etc.). A full list of synthetic households is 
associated with individual buildings for each year of the simulation. For each such household, the economic spatial 
relationships are used to predict transportation energy use, and the dwelling and household characteristics are used 
to predict residential electricity use. This model will be used to predict the future use of energy by households in 
different scenarios, including District Cooling scenarios, to develop policies for land use, transportation, and energy 
that work together towards a future for Riyadh that is both economically strong and energy efficient. 

Methods 
A household survey from the Royal Commission of Riyadh City (RCRC) provided information on household and 
housing characteristics (especially dwelling type and size) which was used in a household synthesis process [1] to 
develop a complete representation of households in dwellings in Riyadh. This was informed by a cadaster inventory 
of the development in 2016 in Riyadh, also from RCRC, and labor-market occupation level statistics for Riyadh 
province.  

A simulation model was built using the PECAS[2]  framework. One of the two modules in PECAS is a short-term 
annual equilibrium economic interaction model called Activity Allocation (AA) based on Input-Output theory, made 
spatial through random-utility theory. The AA module for Riyadh was developed by adapting the national social 
accounting matrix to the city based on population and labor market summaries, and then further disaggregating to 
neighborhoods (called Hai) and transportation analysis zones, based on housing characteristics. This was used to 
develop a simulation of the economic flows between locations, including various economic flow relationships that 
are connected to household travel, such as commuting trips (labor flows), shopping trips (retail goods flows), and 
trips to schools (education service flows.).  These spatial flows consider the transportation zone-to-zone 
characteristics from a travel model of Riyadh, also from the RCRC – destination choices consider supply/demand 
balance (resulting in spatial price maps), heterogeneity in opportunities, and travel conditions.   

The RCRC household survey reported for a subset of users the monthly energy expenditure in SAR; these records 
were used to develop a linear regression model predicting energy expenditure by household, considering the 
household’s demographics, dwelling type and size, tenure and vehicle ownership.  Household energy consumption 
was added as an additional input/output in the PECAS AA module, with demand dependent on dwelling type, 
dwelling size, and nationality, and supply generated by the electricity utility. 

The result is a synthetic one-to-one representation of households in Riyadh, assigned to cadastral parcels based on 
spatial economic choices including labor market supply and housing demand.  For each of these synthetic 
households, their household electricity use is predicted based on their housing and household characteristics. This 
synthetic micro-representation of energy use provides insight into energy use at a detailed level, spatially (at a fine 
geography), and connected to other variables in the simulation such as occupation, nationality, and dwelling size.   

                                                                   

MICRO-SPATIAL MODEL OF RIYADH DOMESTIC ELCTRICITY USE 

John E. Abraham, HBA Specto Inc.  
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Results 
The table below shows the coefficients in the linear regression model of 2016 energy use. 

 
                            OLS Regression Results                             
============================================================================== 
Dep. Variable:            ElecExpense   R-squared:                       0.331 
Model:                            OLS   Adj. R-squared:                  0.328 
Method:                 Least Squares   F-statistic:                     97.41 
Date:                Wed, 01 Dec 2021   Prob (F-statistic):          3.94e-212 
Time:                        13:18:24   Log-Likelihood:                -17501. 
No. Observations:                2573   AIC:                         3.503e+04 
Df Residuals:                    2559   BIC:                         3.511e+04 
Df Model:                          13                                          
Covariance Type:            nonrobust                                          
================================================================================== 
                     coef    std err          t      P>|t|      [0.025      0.975] 
---------------------------------------------------------------------------------- 
const             86.7881     17.066      5.085      0.000      53.323     120.254 
BldgArea           0.0510      0.030      1.694      0.090      -0.008       0.110 
RoomsCap           6.3509      4.099      1.549      0.121      -1.687      14.389 
Rooms_VillaPal    15.3248      3.014      5.084      0.000       9.414      21.235 
Rooms_Indig       -4.2918      3.130     -1.371      0.170     -10.430       1.846 
Is_Rent          -26.7910     12.038     -2.226      0.026     -50.396      -3.185 
People_EmpOth    -12.0263      3.182     -3.779      0.000     -18.267      -5.786 
People            15.6854      1.883      8.332      0.000      11.994      19.377 
Vehicles          12.1280      3.821      3.174      0.002       4.635      19.621 
Work_S            16.4926      5.219      3.160      0.002       6.260      26.726 
Work_N_50         18.9166      8.646      2.188      0.029       1.963      35.870 
Work_S_50         16.1031      9.415      1.710      0.087      -2.359      34.565 
Saudi_NWA         14.2528      3.166      4.502      0.000       8.045      20.461 
NS Kids           -9.6702      3.618     -2.673      0.008     -16.764      -2.577 
============================================================================== 
Omnibus:                     1128.677   Durbin-Watson:                   1.748 
Prob(Omnibus):                  0.000   Jarque-Bera (JB):             7483.317 
Skew:                           1.958   Prob(JB):                         0.00 
Kurtosis:                      10.380   Cond. No.                     1.45e+03 
============================================================================== 
 

where: 

� const – constant allocated to all units (intercept) 
� BldgArea – building area, sq m 
� RoomsCap – Number of rooms, capped at 10, for all structural types 
� Rooms_VillaPal – Number of rooms (capped at 10), additional amount only if the unit is Villa or Palace 

structural type 
� Rooms_Indig – Number of rooms (capped at 10), additional amount only if the unit is Indigenous housing 
� Is_Rent – Household tenure is rent 
� People_EmpOth – Number of people; if household tenure is Employer-paid or Other (not rent or own)  
� Vehicles – Number of vehicles owned by the household 
� People – Number of people in the household 
� Work_S – Number of workers in the household who are Saudi citizens 
� Work_N_50 – Number of workers in the household who are Non Saudi citizens, occupation group 50, 51, 52 

(skilled) 
� Work_S_50 – Number of workers in the household who are Saudi citizens, occupation group 50, 51, 52 

(skilled) 
� Saudi_NWA – Number of Saudi nonworking adults (18 years old and over) 
� NS_Kids – Number of non-Saudi children 

 

The per-person marginal contribution from each person type is summarized below: 

  Saudi NonSaudi 

Child under 18 15.69 6.02 

Nonworking adult 29.94 15.69 
Worker, occupation 
53+ (blue collar) 32.18 15.69 
Worker, occupation 
50-52 (white collar) 46.43 34.60 
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When this model is applied to the synthetic population, it provides an estimate of household electricity use for each 
household, which have each been assigned to a cadastral parcel, which can be summarized in a number of ways. For 
example, the zonal average of electricity energy use per household in the simulation in the calibration year is shown 
in the map below.  

 

Conclusions 
The use of energy in Riyadh is of great interest in national policy. This research connects household electricity use 
to housing characteristics and household characteristics, including nationality, occupations, dwelling structure type, 
and dwelling size.  This is also connected to a spatial economic simulation model designed to predict the future 
spatial patterns and spatial interactions in Riyadh over the next decades, accounting for the demand for housing 
integrated into the demand and supply for all other goods and services, including labour markets and the provision 
of goods and services to households by businesses.    

The reference year (2016) electricity consumption patterns reported here show that certain types of housing and 
certain types of households consume greater and lesser amounts of electricity, providing insight into the types of 
patterns that could lead to lower per-capita energy consumption in the future, as Riyadh continues to grow and 
develop.   

The next step in this project is to simulate development scenarios for the future where District Cooling is applied in 
certain locations, with different policy regulations, incentives, and disincentives, to forecast the resulting reduced 
energy use in dwellings. The spatial simulation will forecast the secondary impact of District Cooling policies on 
spatial patterns of travel and development, as well as potential impacts on overall economic performance, and the 
changes in the use of energy in transportation due to the changes in spatial patterns.  This future research should help 
fine-tune District Cooling policies and identify the most opportune locations for District Cooling projects.  
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Overview 
The electricity systems transformation processes that started more than two decades ago is still far to be completed. The 

key foundation of the restructuring was to design adequate regulatory tools to sustain a marginal price-based market 
environment in which generators and end-users could trade. 

While the level of development of market mechanisms on the generation side has been significant, there is still a not short 
path to go on the end-users’ side. Organized wholesale short-term electricity markets have been implemented worldwide. 
These markets are capable of not only leading to optimal economic dispatches but also of producing efficient and granular 
price signals revealing the actual marginal cost of supply in each moment (in each hour or even in each five-minute period). 
Although these mechanisms are being contested recently in the context of the huge energy crisis mainly suffered in the 
European Union, there is no doubt that they have played a key role to significantly increase the efficiency of the operation 
and planning of the generation fleet. Two mention a couple of examples, short-term price signals have enhanced the 
reliability of generation plants in the periods of larger supply needs and increased the flexibility of generation plants (e.g. 
motivating the renegotiation of operation and maintenance contracts to allow for a more exigent cycling of the plants capable 
of better respond to price volatility). 

However, on the demand side, the actual involvement of end users in this marginal price-based environment is still far 
from being a reality. In the vast majority of cases, electricity end users, and particularly residential consumers, live with 
their backs turned to short-term price signals. Some of the reasons behind this lack of involvement are well known: in many 
cases, electronic meters have not yet been rolled out; but even in those cases in which it has been done, tariff design manages 
to mute short-term price signals. 

The number of electricity systems in which residential users are majoritarily exposed to dynamic energy prices (and time-
of-use network charges) is really small. So beyond a large number of pilot projects widespread in different contexts, it is 
still far from being easy to extract from real practice relevant conclusions on the actual potential of demand response. 

While there is a certain consensus (trust) on the economic potential of demand response coming from large consumers, 
the actual value that could be extracted from residential demand response is still largely unknown. On the one hand, 
significant barriers are still holding back the deployment, from the aforementioned lack of sufficiently developed tariff 
designs to data privacy and cybersecurity issues, to name some. But even assuming that these barriers could be removed, 
there is a major open question: which is actually the willingness to engage of these residential customers. When fully 
exposed to granular short-term prices, will it be worth for these class of users to modify their consumption patterns? 

In this paper we study in detail a real-life case example that allows extracting noteworthy insights to address this last 
question. First, we develop our analysis in the context of the Spanish electricity market. The Spanish regulatory authority, 
back in 2014 pioneered the design of end-user tariffs that fully exposed millions of residential customers to dynamic energy 
prices and time-of-use tariffs. This allows us to use this real hourly price series to quantify the actual economic savings that 
a fully responsive residential end user could get. 

In order to extract sound conclusions from the analysis, not only on the static economic potential of responding, but also 
on the actual value of it when confronted with the opportunity cost of modifying the usual consumption patterns of end 
users, we built our analysis around a real consumer who in principle should be among the best suited to engage: a taxi driver 
owning a fully electric vehicle in the city of Madrid. The rationale behind the study was simple: if it is not worth responding 
for such a consumer (more than 50 kWh per day), then we should not expect much from regular residential customers. 

The analysis benefited also from the fact that electricity prices in Spain during the second half of 2021 and the first of 
2022 have been abnormally high, due to the well known energy crisis that has multiplied spot prices by at least five 
(compared with levels of the business as usual prices seen since 2014). We could thus explore extreme cases using real life 
data, evaluate in each price scenario the level of savings that could be extracting and what could be reasonably expected for 
a consumer of this nature. For a more realistic response to this last question, we confronted our reference consumer with 
the alternatives, and received from her a good insight on her willingness to engage in each of the scenarios. 

The analysis allows extracting relevant insights to contribute to the open question on the actual role that demand response 
can play in the future in other jurisdictions, particularly in a future context in which electromobility is further developed. 

Methods 
We developed an optinization tool that allows minimizing the cost of charging the EV battery subject to the schedule 

constraints expressed by the owner of the taxi. We calculated the savings that could be obtained from optimizing the 
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charging every day taken the hourly prices as known, and we focused the analysis on quantifying the economic benefits 
under two extreme assumptions. In both cases we took as basic condition an 8-hour working journey per day, and then we 
explore two options: i) fixing the working schedule preferred by the taxi driver and evaluating the savings under these 
constraints, and ii) prioritizing the minization of charging costs, even if this would imply an uncomfortable working mode 
for the taxi driver. As previously discussed, the quantification considered the hourly prices charged to residential customers 
during the last eight years. This allowed extracting valuable conclusion on the different response of the customer before 
and during the EU energy crisis. 

This analysis allows us to get a clear picture of the real potential of residential demand response for one of the most 
favourable case that can be conceived, an extremely intensive consumer. The analysis also allowed evaluating willingness 
to engage of the consumer, when confronting the battery charging savings with her willingness to condition her daily habits. 

Results 
The main results, largely discussed in the paper, is that contrary to what it might be expected, not even in the extremely 

high prices scenario the resulting savings were significant enough to be considered by the taxi driver worth conditioning 
her working (and life) habits. 

Some interesting effects can be advanced: 

i) as the renewable penetration increased in Spain, the hourly price pattern changed in two main ways: the increased in 
solar PV generation gradually depressed prices around noon, turning those hours into the best ones to charge the battery, 
but the worse ones for the taxi business not to be working, and at the same time, the increased volatility of prices made 
more difficult to coordinate a stable working schedule with the charging cost minimization. 

ii) also, during the energy crisis scenario, contrary to what might be initially expected, the incentive to adapt more the 
charging of the battery to save costs was as large. The reason behind this conclusion is the fact that while prices during this 
period were extremely high, the peak/off peak spread was not very significant (gas-fired plants were setting marginal prices 
in most of the hours due to the dry hydro season and extremely hot summer). 

Conclusions 
Demand response should gradually turn into a helpful tool to minimize the cost of electricity supply. In particular, the 

potential of this alternative on the side of residential consumers should be linked to the ability to properly manage the 
charging of EV batteries. We explored a real case example considering the hourly prices recorded in one of the few contexts 
in which a fully sophisticated tariff has been applied to residential costumers, and we evaluated the actual value for being 
flexible interacting with a real residential customer that in principle should have the largest saving potential conceivable. 
This allowed us also to consider the willing to engage of the customer depending on the different price scenario and the 
savings that could be obtained in each of them. 

The analysis indicates that the actual potential of demand response among this customer class might not be as large as 
expected. And in any case, it confirms the need for automation to minimize the need for the user to condition daily habits. 
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Overview 
Energy efficiency and climate neutrality are of paramount importance to EU Member States' energy policy objectives 
and overall development goals, particularly because of their potential to improve societal competitiveness, green 
growth, and employment potential. Consequently, this has been embedded in key EU energy strategies. For example, 
as part of the European Green Deal, the EU recently adopted a package of legislative proposals entitled "Fit for 55," 
which aims to achieve climate neutrality by 2050 while reducing net emissions by at least 55% by 2030 compared to 
1990 levels (European Commission, 2021). One of the priority areas of policy action to make transformative changes 
is small and medium-sized enterprises (SMEs), which are considered particularly vulnerable and have fewer resources 
and information to ensure a successful green transition. 
 
Energy efficiency investments are seen as a cost-effective way to achieve these goals, but the energy efficiency gap 
persists (Jaffe and Stavins, 1994; Allcott and Greenstone, 2012; Gerarden et al., 2017). A number of empirical studies 
have been published based on theoretical taxonomies of this phenomenon and their adaptations (Sorrell et al., 2011, 
Cagno et al., 2013, Cagno and Trianni, 2013), trying to identify the causes of this gap, also called barriers to energy 
efficiency investments (e.g., Cagno et al., 2013). On the other hand, studies have also tried to identify factors that 
accelerate these investments (e.g., Cagno and Trianni, 2013), the results of which have been summarized by Solnørdal 
and Foss (2018). According to Hrovatin et al. (2021), for SMEs, economic barriers and drivers are the most important 
determinants of their energy efficiency investment decisions, followed by behavioral and organizational barriers and 
drivers. 
 
In contrast to the theoretical literature in the field of energy efficiency or energy efficiency gaps at the firm level, there 
are few taxonomies or categorizations of barriers and drivers to investment in RES. An exception in the 
conceptualization of drivers for investment in RES is the contribution of Wüstenhagen and Menichetti (2012), which 
recognize energy policy as a key driver for investment in RES in corporate investment, through its influence on two 
factors, risk and profitability of the investment. On the empirical studies side, there are almost no studies that would 
focus on discovering the factors of investment in RES at the firm level. The only study that addresses this issue is the 
one by Segarra-Blasco and Jové-Llopis (2019), which concludes that companies are more inclined to invest in EE 
than in RES, but that there are significant complementarities between the two types of investments, with energy 
efficiency strategies being more related to cost efficiency and regulation, and RES strategies being more related to 
public support programs and environmental awareness.  
 
The objective of this study is to analyze what factors, both barriers and drivers, influence SMEs' decisions to invest in 
energy efficiency measures and renewable energy investments while determining whether different factors influence 
both types of investments in the same way or whether firms' motivations for investment behavior differ in the two 
cases. 

Methods 
The data set consists of two data sources. The first is a self-administered survey with extensive questionnaires 
conducted via telephone interviews in 2019 and 2020, and the second is the Slovenian Business Register, an official 
statistical database of all companies in Slovenia. The final sample is a cross-sectional sample of 270 small and 
medium-sized enterprises in Slovenia. A bivariate logit model is used to investigate barriers and drivers to investment 
in EE and RES. In this way, it is possible to analyze two correlated binary outcomes in the joint model as functions of 
the same explanatory variables. Both dependent variables are therefore dichotomous, with a value of 1 indicating a 
company's investment in EE and RES, respectively, while a value of 0 indicates the absence of such investment in a 
given year.  
 
Based on theoretical foundations, empirical evidence from other studies, and data availability, we examine the 
following factors that affect investment decisions: first, firm- and business-related characteristics such as size, 
ownership (domestic vs. foreign), profitability (ROA), debt, foreign market participation, innovativeness (company 
R&D activities), perceived market competition, ownership of company premises, and perception of investment risk; 
second, energy- and EE -related characteristics such as energy costs (share of energy costs in total expenditures), EE 
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awareness in the company, managers with real ambitions and long-term strategies, energy person, employee awareness 
of EE, energy audits, and potential for energy savings. 

Results 
The preliminary results of the bivariate logit model show that the joint decision to invest in EE and RES is influenced 
by the following factors. Ownership of the firm's site, a hired energy consultant, or an audit increase the likelihood of 
both investments. The share of investments in R&D in all investments and the relative importance of EE in the 
company increase the probability of investments in EE, while the presence of energy officers in the company and 
energy expertise increase the probability of investments in RES. 
 
In addition, we test whether there is a difference in perceptions of barriers and drivers to investment in EE and RES 
between groups of firms that are small vs. medium-sized, manufacturing vs. non-manufacturing, and energy-intensive 
vs. non-energy-intensive. The results show that barriers and drivers to EE are more prevalent in medium-sized 
companies than in small companies, as are drivers such as the potential for cost reductions and educational programs 
in the company. Manufacturing firms consider investments in EE less profitable compared to non-manufacturing 
firms, while non-manufacturing firms consider awareness-related barriers more important. Interestingly, there are no 
statistically significant differences between energy-intensive and non-energy-intensive firms in terms of barriers and 
drivers to investing in EE. 
 
On the other hand, small firms perceive some barriers to investment in RES more strongly than medium-sized firms, 
such as low return on investment and hidden costs. Non-manufacturing companies perceive barriers such as lack of 
financial resources and lack of standards and certificates more than manufacturing companies, while the latter perceive 
the lack of necessary knowledge and awareness in the company more. Non-energy-intensive companies perceive 
barriers to investment in RES such as too low subsidies, uncertainty about take-back prices, and return on investment 
more than energy-intensive companies. 

Conclusions 
Our study adds to the existing body of knowledge in several ways. Similar to the literature review on theoretical 
taxonomies of drivers and barriers to investment in EE and empirical findings, we also provide a literature review on 
theoretical findings on why firms make RES investments. In addition, we review the results of empirical studies on 
the drivers and barriers to RES investment. The results of our study provide a solid basis for comparing the drivers of 
the two types of investments. For example, we can find that companies that own their buildings and receive energy 
advice are more likely to make investments in both EE and RES. Thus, the results of this study provide answers to the 
question of which factors should be promoted and which should be restricted in common energy policies to improve 
EE and increase the use of RES. In this way, the goals in both areas could be achieved more quickly without 
undesirable interactions. 
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Overview 
Bidirectional low-temperature district heating and cooling of the 5th generation (5GDHC) belongs to the latest 

trends within the heat transition. In these networks, distributed heat pumps and compression chillers are used to 
obtain the demanded temperature levels locally, whereas the network’s temperature remains at a level of 5-40°C 
[Wirtz et al. (2020)]. Therefore, 5GDHC net-works are characterized by a high efficiency and low heat losses as 
well as by high shares of renewable energy sources [Wirtz et al. (2019)]. 

This work focuses on the assessment of business models from both a provider and consumer perspective using 
the currently planned residential district of Hassel, Germany, as a case study.  

Methods 
This work extents classical optimization-based energy system models to account for individual consumer 

behavior and the contractually governed interaction between consumers and energy providers. Different contract 
structures with respect to costs and profits of consumers and energy providers, as well as their deviation from an 
overall social welfare optimum, are investigated. Furthermore, this work also considers legal regulations and federal 
funding options such as price ceiling, CO2 taxation and subsidization of investments into climate-friendly 
technologies, which are frequently analysed in the literature [Schütz et al. (2017), Pinto et al. (2020), Pina et al. 
(2021)]. In contrast to the sate-of-the-art approaches, however, this work analyzes their impact on individual 
decision-making, total system costs and resulting CO2 emissions for both, central-planner and multi-agent 
optimization models. 

In particular, an energy system optimization model for the whole district is formulated and subsequently split 
into several consumer and a provider model in order to circumvent the solving of a computationally intractable 
bilevel model [Dempe et al. (2015)]. At the interface, an energy contract, i.e. concise energy prices are assumed. For 
these predefined energy prices, the consumer models are run yielding their energy demands depending on the 
assumed price constellation. Then both, the prices and the demands are fed into the energy provider model. This 
analysis is preformed for 1681 different price constellations applied to 51 different consumers and one provider. 
Afterwards, the results of the respective contracting model are benchmarked against the central planner model of the 
whole district which defines the social-welfare optimum and is solved using cutting-edge time series aggregation 
techniques for maintaining computational feasibility [Hoffmann et al. (2022)]. 

 

Figure 1: Decomposition of the Optimization Model into a Provider and 51 Consumer Models Interacting by a Fixed Contract 
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In a second step, different regulation schemes are imposed on the consumers and the district system operator. 
These regulations comprise subsidies for energy efficient technologies such as heat pumps on the one hand and 
carbon taxes on the other hand, that a imposed on either the consumers, the energy provider or both of them. Then, 
the sensitivities for different price constellations between energy consumers and the energy provider are re-run and 
the impact of the regulations on the individual behaviour of the market participants as well as on the central-planner 
model are investigated. 

Results 
The results comprise approximately 400.000 single (sub-)system optimizations and show a distinctly sensitive 

reaction of consumers on changing prices or regulation schemes if they have a large number of system options such 
as installing photovoltaic panels on their own. Interestingly, the demand for different energy sources such as low-
temperature heat and electricity my suddenly change for slight price changes as the consumers may be incentivized 
to move to an economically more convenient alternative. This, in turn, leads to sudden tipping points in energy 
demands which, in turn, may lead to strong deviations from a social-welfare optimum of up to 18% of total 
annualized costs, i.e. non-aligned incentives may result in a system layout and energy consumption behvaior that is 
18% more expensive than predicted by a central-planner model. 

For the regulations, a similar impact can be observed. Here, poorly defined regulations may have little impact 
on the overall behaviour. Especially CO2 taxation alone prove to be not very effective and drove costs without 
setting the incentives to invest into carbon neutral technologies. In contrast to that, carrot-and-stick combinations of 
subsidies for carbon neutral technologies and CO2 taxes on the other hand prove to be very effective with respect to 
multiple criteria, among which are CO2 reduction, little impact onto the overall social welfare and system costs and 
the individual costs of the system stakeholders.  

Conclusions 
The results imply, that in district systems, contractually governed constant energy prices may set wrong 

incentives for energy consumers and providers. Furthermore, these contracts always lead to more or less suboptimal 
deviations from the macro-economic optimum and similar phenomena can be observed for additional regulations. 

In this context, CO2 taxes for the energy consumers and subsidies for climate-friendly technologies have been 
proven to be a preferable regulation scheme, whereby, however, a price ceiling for the provider’s energy prices 
should be introduced in order to avoid a shift of the energy consumers towards less climate-friendly supply options. 
This implies that well-designed and financially balanced regulation schemes should include subsidization on the 
one, but taxation of deviating behavior or price ceiling on the other hand. Lastly, this work illustrates that, at times 
of rising energy prices, more efficient, but slightly more expensive technologies should be favored in the medium 
term. 

References 
1. Dempe, S., V. Kalashnikov, G. A. Pérez-Valdés and N. Kalashnykova (2015). Bilevel Programming 

Problems: Theory, Algorithms and Applications to Energy Networks. Heidelberg, Springer Berlin, DOI: 
https://doi.org/10.1007/978-3-662-45827-3. 

2. Hoffmann, M., L. Kotzur and D. Stolten (2022). "The Pareto-optimal temporal aggregation of energy 
system models." Applied Energy 315: 119029, DOI: https://doi.org/10.1016/j.apenergy.2022.119029. 

3. Pina, E. A., M. A. Lozano and L. M. Serra (2021). "Assessing the influence of legal constraints on the 
integration of renewable energy technologies in polygeneration systems for buildings." Renewable and 
Sustainable Energy Reviews 149: 111382, DOI: https://doi.org/10.1016/j.rser.2021.111382. 

4. Pinto, E. S., L. M. Serra and A. Lázaro (2020). "Optimization of the design of polygeneration systems for 
the residential sector under different self-consumption regulations." International Journal of Energy 
Research 44(14): 11248-11273, DOI: https://doi.org/10.1002/er.5738. 

5. Schütz, T., M. H. Schraven, S. Remy, J. Granacher, D. Kemetmüller, M. Fuchs and D. Müller (2017). 
"Optimal design of energy conversion units for residential buildings considering German market 
conditions." Energy 139: 895-915, DOI: https://doi.org/10.1016/j.energy.2017.08.024. 

6. Wirtz, M., L. Kivilip, P. Remmen and D. Müller (2019). "Bidirectional low temperature networks in urban 
districts: A novel design methodology based on mathematical optimization." Journal of Physics: 
Conference Series 1343(1): 012111, DOI: 10.1088/1742-6596/1343/1/012111. 

7. Wirtz, M., L. Kivilip, P. Remmen and D. Müller (2020). "5th Generation District Heating: A novel design 
approach based on mathematical optimization." Applied Energy 260: 114158, DOI: 
https://doi.org/10.1016/j.apenergy.2019.114158. 

 

E
n

e
rg

y
 E

ffi
ci

e
n

cy



298

   

 

Overview 
Morocco, very weakly endowed with conventional energy resources, highly dependent on the outside for its energy 
supply. This Energy dependence is thus estimated at 93.61% in 2013 [1]. Furthermore, annual energy consumption 
per capita increased from 0.30 toe per capita in 1990 to 0.55 toe per capita in 2016 [2]. The transport and building 
sectors are the biggest energy consumers in Morocco and together account for more than 60% of total final energy 
consumption [1]. As well as, the building sector accounts for 33% of the country's total energy consumption, of which 
25% for the residential sector and 8% for the tertiary sector [1]. Besides, the tourism sector accounts for one third of 
tertiary sector consumption, due to growth in electricity and air-conditioning consumption. Tourism is one of the 
major vectors of the Moroccan economy which is destined to gain even more importance to support economic 
development. 
Tourist establishments are considered among the most energy-consuming buildings due to the high energy 
consumption for lighting, air conditioning, heating and hot water production in order to provide services to customers 
and guarantee their internal comfort [2]. In fact, air conditioning and lighting in the hotel sector remain highly 
dominant, accounting for 21% and 20% respectively, followed by the production of domestic hot water which 
represents 17%, the rest of the energy consumption distributed between the heating (14%), kitchens (12%) laundries 
(6%) and others (10%). In addition, the energy consumption varies considerably between different types of hotels 
depending on the size of the hotel, the class / category, the number of rooms, the customer profiles, the location, and 
the types of services / activities. In general, the energy required for a hotel building is intended for thermal energy 
needs and varies between 40 and 70%, which implies a high energy consumption. In particular, the installation of air 
conditioning can represent up to 50% of the total energy installations of the building, a poorly designed heating system, 
where maintenance operations are not carried out, can generate losses in thermal energy of 30 to 40%. As a result, 
improving the competitiveness of the tourism sector requires progressive reduction of operating costs, especially those 
of major importance, such as energy and water costs. In this context, the HVAC system is the major consumer of 
energy in commercial buildings, particularly in the hotel sector [3], therefore hotel owners aim to reduce the energy 
bill in this sector. Besides, energy efficiency measures in the hotel industry include air conditioning systems [3], the 
thermal performance of the building envelope and the production of water heaters. 
In the present study, an energy, environmental and economic study for a hotel building is carried out specifically to 
assess the potential in reducing energy consumption, energy demand, and carbon emissions associated with the hotel 
building sector. First, a briefly comparative study of two heating and cooling systems (VRV and GRL) is outlined. 
Then, the passive analysis for assessing the impact of three energy efficiency improvements is described and 
discussed. Finally, an analysis and comparison of the two energy systems for the production of domestic hot water is 
studied using an energy, economic and environmental study. 

 

Methods 
II.1 Building description 

The hotel studied (Figure 1) located in the business and leisure district of Tangier, 
the hotel’s total surface area amounts to 12508.6 m², it is endowed with a ground 
floor, a mezzanine and ten floors including 220 rooms in total. The ground floor 
consists of a wing containing the offices, the reception and the shop, and a wing 
including the bar, the show cooking and the customer counter. While, the mezzanine 
has a conference center with a capacity of nearly 100 participants. The different 
occupancy rates of the zones are fixed as follows 0.055: person/m² for the rooms 
(Area = 36 m²), 0.6116 person / m² for the conference room (Area =114 m²), 0.107 
person / m² for the office (Area = 93 m²). Figure 1: Hotel of Tangier 

The occupancy schedule of a room is shown in Figure 3, The internal heat gains are 0.9 MET (58W/m²) for persons, 
323 (W) for Minifreezer, 90 (W) for TV LCD, and 11.9 (W/m²) for lighting appliances. DesignBuilder software, based 
in the engine EnergyPlus calculation, is used in this study. 

 

                                                               

Contribution to improving the energy performance of a hotel in Tangier - Morocco 
 M. Ahachad, ETTE, FST of Tangier, Abdelmalek Essaadi University, Tetouan-Morocco, +212662272483, mahachad@uae.ac.ma 

F. Akzoun, ETTE, FST of Tangier, Abdelmalek Essaadi University, Tetouan-Morocco, firdaous.akzoun@gmail.com  
Z. Romani, National School of Architecture, Tetouan – Morocco, +212653784137, romani.zaid@gmail.com 

M. Mahdaoui, ETTE, FST of Tangier, Abdelmalek Essaadi University, Tetouan-Morocco, +212662562909, mmahdaoui@uae.ac.ma 
 

E
n

e
rg

y
 E

ffi
ci

e
n

cy



299

II.2 Economic study: Life Cycle Cost Analysis -Method 
The financial analysis in this article adopts the life cycle cost method, the life cycle cost (LCC) analysis method is the 
most commonly accepted to assess the economic benefits of energy conservation projects over their lifetime. 
Typically, the method is used to evaluate at least two alternatives of a given project. The LCC amount for each 
alternative can be computed by projecting all the costs (including costs of acquisition, maintenance, and operating the 
energy systems related to the energy-conservation project). LCC can be estimated based on the initial cost IC and the 
annual cost AC as follows [55]: 

��� � �� 
 XW�Ä</�Z? s M�  
 

The uniform-series present worth factor (USPW) can be expressed as follows: 

XW�Ä</�Z? � ��<�Åv?ÆÇ
v  where N and d are respectively the lifetime and the discount rate. 

 
II.3 Assessment of the HVAC system 
The electricity is the main energy source used in heating and air conditioning systems in Moroccan tourist 
establishments, the average consumption recorded is 2.223.300 kWh/year/hotel. In fact, a better select of air 
conditioning technologies for hotel establishments can have a significant effect on electrical consumption, also 
improving environmental performance generally, in consequence reducing operational costs. In this part, we 
performed a comparative study between two heating and cooling systems, the Variable Refrigerant Volume System 
(VRV) and chilled water system (CWS) using the Life Cycle Cost method to determine the most economically 
efficient system for the hotel. First, we calculated the total heating and cooling load using the DesingBuilder software, 
we obtained a total cooling load of 1234.27 kW and a heating load of 448.96 kW. This amount of information was 
sufficient to begin the process of sizing these two systems, the sizing of each system is done by the selection of the 
indoor units and the outdoor units as well as the sizing of the pipes and the choice of accessories. In order to compare 
the two air-conditioning systems, an economic study is carried out to quantify the investment costs of the systems 
including maintenance and operating costs. 
 

Results and conclusions 
The present study consists firstly to comparing two air conditioning and heating systems for the hotel building. In 
order to determine the most economical, technologically reliable and least environmentally impacting system. 
Secondly, to evaluate the energy, economic and environmental performance of the two systems of domestic hot water 
production of the studied hotel and their combinations with the solar collectors. This analysis shows that the Variable 
Refrigerant Volume system is the most economical, and the most adopted for the hotel. This choice implies a net 
investment of 650 000 US$, its environmental pollution is estimated approximately 85548.2 kg-CO2 annually. Several 
recent studies have proposed solutions to improve the energy efficiency of the hotel sector, in this work we studied 
the effect of three improvements on the reduction of hotel needs. 3rd SC of natural ventilation leads to the reduction 
of energy needs of the hotel is about 27% annual. Then, the 2nd SC of Glazing Film reduces by approximately 36% 
of the annual needs compared to the basic building. Finally, the cool roof of high reflectance and emissivity 
coefficients leads to a reduction in annual needs of 28% annually. From the environmental perspective, these three 
scenarios lead to a reduction of almost 28%, 28% and 35% of CO2 emissions. It can be noticed that the three 
improvements have significant energy savings with a life cycle cost slightly lower than that of the standard building, 
except the second SC of PF which presents a higher LCC compared to these of the building. 
It has been observed that the usage of a heat pump as a technology for the production of hot water in the hotel sector 
results the lowest primary energy consumption, compared to a gas boiler, about 47.5% reduction in annual 
consumption. Although boiler systems consume more energy than air-source heat pumps, the former produce smaller 
amounts of CO2 emissions than the latter 21.2% more CO2 emissions than the gas boiler. From an economic 
perspective, the life cycle method for the various technologies, implies that the global savings on energy bills generated 
by the use of heat pumps will amount to 13110 US$ compared to a boiler. In addition, the payback period of 
investments for a heat pump combined with a solar installation varies from 3 to 4 years, and it is lower compared to 
that of a boiler plant combined with solar collectors. As well as, the heat pump and its combination with solar results 
in high NPW values compared to a combined system with a boiler. 
 

Results and conclusions 
[1] https://www.iea.org/statistic,03-03-2018 
[2] P.Bohdanowics, A. Churie kallhauge, I.Martinac, Energy Efficiency and conservation in hotels towards sustainble 

tourism, 4th International Symposium on Asia Pacific Architecture, Hawai’I, April 2001. 
[3] M. FadzliHaniff, H. Selamat, R.  Yusof , S.  Buyamin, F. ShamIsmail, 'Review of HVACscheduling techniq ues 

for buildings towards energy-efficient and cost-effective operations' Renewable and Sustainable Energy Reviews, 
27 (2013) 94-103. 
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Overview 
Energy labels express the energy efficiency level of houses and help consumers’ decision makings. Many 

studies have verified that energy labels promote consumers' select of pro-environmental products (e.g., Grankvist et 
al, 2004, Bjerregaard and Møller, 2019). The energy labels are set to be displayed mandatorily in Japanese real 
estate advertisements soon. Effective energy labelling methods and designs need to be studied before the 
government mandates energy labelling. 

This study aims to examine whether providing information on energy efficiencies of houses for consumers in 
some way such as energy labels affects their decision makings. Furthermore, by clarifying the effects of different 
information methods (framing), we intend to make specific suggestions on the design of energy labels. 

 

Methods 
Experiment participants were extracted from a survey panel of an Internet research firm by two-stage random 

sampling. We randomly classified the subjects, using the control experiment method, into four groups: control group 
with no information disclosed, treatment group 1 with only text information, treatment group 2 with only label 
information, and treatment group 3 with both information. In addition, in order to identify differences in framing 
effects between buyers and prospective buyers of houses, we further classified each group into two, making a total 
of eight groups.  

The preliminary survey was conducted from March 18 to 24, 2022, and the experiment from March 25 to 30, 
2022. The sample size was 206 for each group, a total of 1,648. The main survey asked 19 questions, including a 
question about what is important to respondents when purchasing a house. 

The experiment was that 12 photos were displayed on the screen as candidates for houses that match the 
subjects' desired location, and subjects were asked to select the most desirable house from these photos. For the 
house they chose from the 12 photos, the subjects in each group select one of three options varying in energy 
efficiency level, price, etc. These steps are very similar search of consumers for houses, and we set up this 
experiment based on Sussman et al. (2021). 

Through above experiment, we verified what kind of framing would encourage subject to choose energy 
efficient houses. This also allows us to measure difference in effects of information framing between buyers and 
prospective buyers of houses. This study applied logistic regression analysis to a dataset obtained from the 
experiment as follows. 

\¬ .	 �.���
r

���
� 

\ = 1   (\¬  > 0) 
0   (\¬   0)

where the dependent variable Y* means whether select an energy-saving house or not. Concretely, Y=1: subject 
selected the most energy-saving house from three options varying energy efficiency level, while Y=0: means that 
did not select energy-saving house��ë��\��������\\���������������"�$%������7�{�"ì"����\���������������������}�������"�
����Ë��\��������������������� 
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Results 
The results of analysis showed two important implications: one indicated the importance of disclosing 

information on energy efficiency of houses, another suggested necessity of devising information disclosure to 
supplement inexperience. 

Table 1 shows the result of logistic regression analysis, and the framing of information were verified to 
important be since all treatment group are statistically significant. These are also very higher odds ratio than other 
variables. The fact, all treatment group were accepted at a significance level of 1% based on the control group 
proves the significance of information disclosure.  

Moreover, buyer dummy was statistically significant, this means that presumed to be the result of the 
purchaser's actual experience such as the running cost of a detached house and the indoor temperature. From this, it 
was suggested that it is important to consider the display of advertisements such as running costs. As for the method 
of information disclosure, it is important to disclose it in a way that is accompanied by the understanding of 
consumers. 

Table 1 The result of logistic regression analysis 

 

Note: Superscripts ***, **, * denote significance at the level of 1%, 5%, 10%, respectively. 

 

Conclusions 
From results of the experiment, it was confirmed that disclosing energy efficiency information of houses in 

some way in real estate advertisements is effective in encouraging consumers to choose energy-efficient houses. It 
was also suggested that when disclosing information about energy efficiency of houses, it is also important to 
present it in a way that would be better understood by consumers depending on their respective situations.  

Mandatory disclosure of residential energy efficiency information, which has been postponed in Japan, would 
be necessary as soon as possible. Prior to legally mandating the disclosure of information on energy efficiency, it 
would be necessary to introduce some kind of system to encourage the disclosure of information. 
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ABSTRACT 
Saudi Arabia has planned to depend on the clean fuel sector in the coming decades, which is 
in line with Vision 2030, as well as to become a global supplier of Hydrogen and to play a 
leading role in all areas of energy, not just oil. Moreover, a series of hydrogen-based programs 
are aimed at making the transportation sector more sustainable, including the use of 
technologies based on hydrogen fuel cells for trains. In this case, the Hydrogen train fuel cells 
convert hydrogen-rich fuel into electricity through a simple chemical process, which consists 
of a positive electrode (anode) in electrical circuit that has a negative electrode (cathode) and 
an electrolyte or conductive medium. The stored hydrogen passes through the anode, where it 
splits into electrons and protons. Then, the electrons enter through a circuit that generates an 
electric charge and may be stored in lithium batteries or sent directly to the train's electric 
motor. The remaining part of the hydrogen molecule reacts with oxygen at the cathode and 
turns into the only waste product, which is water. The Oxygen can be separated from water by 
using an electric current, which can be generated from renewable energy sources such as wind 
and solar energy. This paper is aimed to determine the operator cost of constructing a Hydrogen 
train line through a mathematical calculations based on Microsoft Excel, which includes the 
infrastructure and rolling stock costs. In this case, a gravity demand model will be used to 
determine the forecasting travel demand for the case study of the North-South Rail line, 
connecting Riyadh to Qurayyat for a distance of 1,257 kilometres. It is a function of 
independent variables such as population, GDP per capita, mean travel speed, mean fare, etc.  
  
 
Keywords: Hydrogen Train, Operator Costs, Renewable Energy Resources, Gravity Demand 
Model, Sustainable Transportation; Saudi Arabia. 
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Overview 
Strategies for decarbonising large-scale energy systems have a decisive impact on future energy costs and must, therefore, be 
thoroughly evaluated. Energy systems optimisation models (ESOMs) are frequently employed in the analysis and planning of energy 
systems. However, their scope and detail in terms of space, time, technologies, and economic sector can vary widely. Due to 
computational limitations, they can either have a high-resolution scope or a broader less detailed scope in the spatial and temporal 
dimensions. This difference between modelling scopes has been labelled with the term granularity gap [1]. Solutions to address this 
modelling gap include boosting the resolutions of the established optimisation model and various types of model coupling [1]. 
Specifically, the economic granularity gap refers to the modelling of discrepancies between a system-cost minimising approach from 
ESOMs and a micro-level simulation approach, where the behaviour and interactions of individual agents follows their own 
individual strategies like in a real-world case. Operating decisions of private actors are indeed having an ever increasing influence 
on the energy system [2, 3]. However, ESOMs are falling short in including such actors and their decisions in the modelling approach. 
Against this background, this work analyses whether the economic granularity gap in the case of battery electric vehicles (BEVs) 
significantly affects the system design and operation that results from an ESOM. To illustrate these effects on the charging profiles 
of BEVs, results from a ESOM with optimised charging from an overall system’s perspective are compared to that of a model that 
captures the economic rationality of time-varying tariffs and user-centric charging decisions for a case study in Germany. 

Methods 
Instead of extending existing models, the identified granularity gap in the case of BEVs is analysed by comparing results from the 
energy systems optimisation model REMix [4] with a user-centric optimisation based on the VencoPy model [5]. 

To analyse the influence of optimised charging under consideration of different time-varying tariffs for different household types, 
the VencoPy framework is used [5]. VencoPy calculates boundary conditions for the charging behaviour and of possible vehicle-to-
grid potentials based on mobility data and techno-economic assumptions. This allows to investigate the increased demand for 
electricity due to the electrification of passenger road transport. Figure 1 shows a schematic representation of the model building 
blocks. Based on driving profiles of typical households as well as on technical data and assumptions about BEV, boundaries for 
minimum and maximum states of charge (SoC) of the vehicle batteries are calculated. From this, hourly resolved demands for 
uncontrolled charging, as well as load shift potentials for controlled charging can be derived for different BEV fleets. The VencoPy 
framework was used in different projects [5, 6, 7]. Among others, it was applied to the German transport survey "Mobility in 
Germany" to investigate the influence of BEV on the future load shifting potential and its impact on the German power system. The 
framework was applied in a case study involving two recent German national travel surveys [8, 9] to exemplify the implications of 
different mobility patterns of motorised individual vehicles on load shifting potential of BEV fleets [5]. Exemplary results of the 
framework include the distance travelled per hour, the connection availability, and the upper and lower limit for the battery SoC. 
Based on different decision methods, charging and discharging profiles can be calculated. More recently the framework has been 
expanded to also allow tariff-based optimisation by additionally taking time-varying prices into account in the charging control 
mechanism. 

  
Figure 1: VencoPy model workflow components.    Figure 2: Structure of the REMix framework. 
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ESOMs represent a widely used technique to determine decarbonisation pathways to assist policymakers in the definition of future 
energy systems. The REMix energy system modeling framework provides a linear framework with high spatial and temporal 
resolution to analyse energy system transition scenarios [4]. After initially being restricted to the power sector [8], the framework 
has progressively improved to incorporate the flexible coupling to the heating, industry and transportation sectors, through a multi-
modal configuration that enables the use of electricity from variable renewable energy sources in all sectors. Considering boundary 
conditions, such as the development of demand or the flexibility of generators and consumers, REMix can be used to evaluate the 
interaction between all technologies in hourly resolution and to determine the minimum-cost expansion and operation of the energy 
supply system under consideration (Figure 2). Numerous models of the German and European energy system with various foci have 
been modeled and examined in the past using the framework, as well as energy systems of other countries [10, 11, 12]. 

Results 
Granularity gaps often emerge across several model dimensions in energy systems modeling. To investigate if the economic 
granularity gap in the case of BEVs significantly affects system designs that result from an energy system optimisation model, the 
results from the REMix framework and a user-centric optimisation in the VencoPy model are compared. 

The results provide an assessment of how the representation of charging profiles and flexibility of BEVs might affect energy systems 
optimisation results. Both frameworks are applied to different scenarios for controlled charging of BEV fleets in Germany. ESOMs, 
which are typically used to study cost-minimal transformation pathways, assume a perfect behaviour of market participants from a 
central planner’s perspective. They thus neglect the decision-making of individual market participants, which also influences the 
demand-side flexibility in the case of BEVs [13]. The results also show how the difference between power-system and user-centric 
optimal charging decisions can lead, for example, to lower electricity imports and transmission grid expansion, a different usage of 
flexibility from the system perspective, and different system costs. 

Conclusions 
Models are applied to gain insights into possible futures of the energy system, e.g., to serve for decision support in energy policy and 
industry. Drafting ideal system designs by energy systems optimization models provides templates to navigate possible system 
transformation. However, discrepancies between the optimal and the real-world occur and granularity gaps arise across several model 
dimensions [1]. Moreover, electricity tariffs are a main economic driver for private consumer investments in distributed energy 
resources (DERs), such as photovoltaic (PV), electric vehicles and storage systems [14]. Utilities’ rate designs and policy makers’ 
decisions around different tariff components (volumetric rates, demand charges, feed-in compensations, etc.) affect the economic 
viability of DER technologies, fostering or discouraging behind-the-meter investments [15]. Including decentralised user-centric 
decisions in energy systems optimisation models can provide a starting point to include different perspectives in energy systems 
transformation pathways as well as allowing a more proper identification of appropriate regulatory regimes, as for example incentives 
for system alignment of decentralised actors. 
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Overview 
The transportation sector is the fourth largest emitter of greenhouse gases (GHGs), linked to rising global 

temperatures. Passenger cars that run on petroleum-based fuels account for about 40% of all transportation emissions. 
The global expansion of the passenger car fleet has been a main driver of petroleum-based fuel consumption and GHG 
emissions. Pollution, congestion, and accidents are some of the local externalities associated with rising passenger car 
use. 

Voluntary efforts by countries have emerged as one of the main pathways for addressing these externalities. One 
of the voluntary efforts being undertaken in China, the world’s largest GHG emitter, is vehicle ownership restrictions 
(VOR), which sets a limit on the number of new license plates issued each year. Since VOR limits the growth of car 
fleet size, it has the potential to assist China in significantly reducing its carbon emissions. Understanding the impact 
and cost-effectiveness of VOR policies in limiting car fleet size, fuel consumption, and GHG emissions is crucial for 
both understanding the scope of China’s voluntary efforts and informing policymakers in other parts of the world who 
are considering the adoption of similar policies. 

Methods 
We apply synthetic control, regression discontinuity, and dynamic panel analysis techniques on new car 

registrations and usage data in Chinese cities. In particular, we use regression discontinuity and synthetic control 
techniques to quantify the impacts of ownership restrictions on new car sales as well as fuel consumption rate for the 
new car fleet. We next estimate the effect of vehicle ownership restrictions on the average annual kilometers travelled 
per car for new cars. To examine this possibility, we used dynamic panel analysis technique to estimate the dependence 
of annual kilometers travelled per car on the total number of cars in the city.  

Results 
We find that ownership restrictions in Chinese cities have had large impacts. In particular, between 2011 and 

2015, ownership restrictions decreased new car sales in cities implementing them by about 72%, while decreasing 
gasoline consumption and tailpipe-GHG emissions by about 50%. In absolute terms, 5.3 million new car purchases 
and 7 million metric tonnes per year of tailpipe-GHG emissions were avoided by 2015 as a result of these ownership 
restricitons. To put things in perspective, the total annual car sales in Japan, the third largest automotive market in the 
world, were lower than 5.3 million, while thirty countries worldwide had total annual carbon dioxide emissions from 
fuel combustion below 7 million metric tonnes. Cost-effectiveness evaluation suggests these large impacts occur at a 
very high cost, comparable to the price of gasoline in China, though within the range of estimates on the cost of 
externalities avoided.  

Conclusions 
The findings hold relevance for policymakers worldwide who might be considering restrictions on car sales for 

addressing automobile-related externalities. The results have implications for future oil demand, because China, also 
the world’s largest consumer of gasoline, has taken voluntary measures to slow its demand growth. Furthermore, our 
results are important because they illustrate a strategy of China, the world’s largest producer of GHG emissions, to 
decrease its future emissions growth. Our analysis can also support studies that examine whether China will meet its 
Paris Agreement pledges. 
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Overview 
Along with the knowledge that typical EV acceptance barriers include driving range and charging times, technological 
advancements in wireless charging roadways or dynamic inductive power transfer (DIPT) roadway systems have been 
emanating. The technology can transfer power to EVs over an air gap without physical contact, which enables EVs to 
be energised wirelessly while travelling in motion via embedded pads/transmitters beneath the roadway and receivers 
under the vehicles (Nagendra et al., 2014; Sheng et al., 2020). DIPT charging can be offered to light-duty, medium to 
heavy-duty vehicles, and/or other fleets, so they can always be on the move. This technology can potentially mitigate 
previously listed barriers that discourage the consumer from purchasing an EV. At present, charging at public charging 
stations in New Zealand can take approximately 30 minutes. Dynamic wireless charging, on the other hand, offers a 
more convenient experience for the consumer regarding driving range and charging time (Sun et al., 2018). 
Additionally, this technology can remove the cumbersome task of plugging in and lower operating costs and the cost 
of EV batteries, among others. Researchers from the University of Auckland (UoA) explain that installing IPT is a 
potential game changer for EV uptake due to its potential to alleviate barriers other than upfront costs, such as driving 
range anxiety, or the inconvenience of interrupting a journey to plug in and recharge (Poland, 2021). Nonetheless, 
providing a viable DIPT system remains challenging, especially given the potential uncertainties of the 
existing/prospective EV consumers. Both the technology around EVs themselves and their associated charging options 
remain largely unfamiliar to the general population. Gaining a better understanding of the consumer decision-making 
process and preference for EVs and the associated charging options is crucial if New Zealand continues to increase 
EV uptake. Hence, this research aims to understand the perceived economic and environmental benefits of DIPT 
technology or named dynamic wireless charging, and how that might impact EV adoption in New Zealand. At the 
hand of discrete choice modelling (DCM), a better understanding of how consumers value dynamic charging 
capabilities was possible. Multinomial Logit (MNL), Heteroscedastic Logit (HL), and Mixed Logit (MXL) models 
were fitted to stated preference data. Furthermore, DCM allowed the willingness to pay (WTP) for dynamic charging 
capability to be measured indirectly. The main finding was indeed that dynamic charging capability has a significant 
positive impact on vehicle choice. 

Methods 

A survey was designed to understand how the typical New Zealand commuter feels toward EVs and their economic 
benefits, whether they would consider the wireless dynamic charging technology, and if so, how much they would be 
willing to pay if the technology is in place. Respondents were collected from three organisations: New Zealand 
Automobile Association (AA), the NZ EV owner Facebook group, and the UoA, after attaining approval from the 
University of Auckland Human Participants Ethics Committee (UAHPEC). The data collection method aims to 
achieve a representative sample of New Zealand’s population conditional on time and cost constraints. The survey is 
organised into five sections. The first collects information on respondents’ type of personal vehicle usage and their 
general travel patterns. Second, respondents are asked to share their general attitudes toward pure EVs (battery electric 
vehicles). The following section then collects information on respondents’ attitudes, knowledge, and usage of EV 
charging systems. This particular section divides the sample into pure EV users, and non-pure EV users dependent on 
how they answer an ownership/lease question in section one. Next, respondents are presented with a choice 
experiment, each facing eight choice questions where they choose their most preferred EV option out of two available 
alternatives or an opt-out alternative (your classic combustion engine vehicle). Each EV alternative is described by 
five attributes: purchase price, driving range, recharge time, emission reduction, and dynamic charging capability. The 
last two attributes are of particular interest to the research objective. In terms of levels for each attribute, the purchase 
price has four, driving range, recharge time, and emission reduction have three, and dynamic capability is described 
by two levels. The number of attributes and their associated levels was carefully chosen to gather enough information 
for a plausible analysis. At the same time, the complexity of the survey design is minimised given the risk of cognitive 
overload for the respondent and therefore precludes the quality of the data. Much of the literature has included an opt-
out alternative like this survey. The reason for the inclusion of an opt-out option is that the main objective is to 
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understand the impact of the dynamic charging capability on the choice between EV types and whether it can impact 
the choice to adopt an EV.  

For this choice experiment, three blocks are generated, each containing eight choice questions. Therefore, 24 choice 
questions make up a complete set. Before respondents were presented with the choice experiment, a ‘cheap talk’ script 
was included to increase the realism of the choice. In the final section, respondents were asked several socio-
demographic questions, including, gender, household type, age, ethnicity, time spent living in New Zealand, work 
status, education, income, and region. The survey closes with some demographic questions. DCM techniques are 
applied to estimate the WTP for dynamic wireless charging was measured both directly and indirectly. 

Results 

After cleaning the data, the final sample consisted of 1238 individuals, 1029 from AA members, 99 from the NZ EV 
owner Facebook group, and 110 from the UoA students. Because each respondent faced eight choice questions, the 
total number of observations would be 9,904 for the discrete choice analysis. However, due to some incomplete 
decisions, the total number of observations ended up being 9,887. Six main DCMs were specified, however, the final 
model specification is the MXL. Here the independence from the relevant alternatives assumption is relaxed, the panel 
structure of the data is accounted for, and it is also possible to specify whether the random parameters are correlated 
or not. MXLU represents the MXL model with uncorrelated random parameters, whilst MXLC represents the MXL 
model with correlated random parameters. The MXL models obtain higher log-likelihood values compared to all 
previous models. To consider whether these model specifications are better suited than the MNL model, the Wald and 
log-likelihood ratio tests were performed to assess the existence of random parameters. More specifically, MNL was 
tested against MXLU and MXLC, and in all cases, there was strong evidence against no random parameters. Regarding 
the WTP estimates, for MNL, since the sign of the coefficient estimate was negative, the WTP is interpreted as follows: 
to reduce the dynamic charging capability to essentially being incapable, the individual is willing to pay at most about 
$6,900 more. On the other hand, the sign of the coefficient estimate is positive for all other specifications with MXLC 
being the most sensible. Therefore, the interpretation becomes that to increase the dynamic charging capability to 
essentially being capable, the individual is willing to pay $6,600 more at most. 

 

Conclusions 

This research aims to understand the perceived economic and environmental benefits DIPT can provide for EVs. 
Overall, the results are promising and align with the literature on the benefits that DIPT can provide. Although the 
familiarity with this technology is low, there exists a positive weighting in attitude toward dynamic wireless charging. 
Through DCM, it was observed that an EV with dynamic charging capabilities has a highly significant positive impact 
on EV choice. Moreover, the WTP for dynamic charging was positive. In terms of the environmental feature, the 
response was mixed. There was no specific attitude that dominated. Additionally, the emission reduction and the 
environmental attribute in the discrete choice analysis had a negative impact on vehicle choice. Future research should 
explore extensions from probabilistic utility functions to linear utility by using a more complicated survey design. 
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Overview 

The transportation sector of Kuwait, which at times is the largest consumer of energy, would benefit from adopting 
more efficient modes of transport. While some of this consumption can be attributed to generous subsidies provided 
by the Kuwaiti government, in reality, it is also due to a lack of public transportation options.  In the past, Kuwait 
has stated its intent to develop a Metro system but has yet to do so. 

Methods 

This investigation aimed to model Kuwait’s transportation sector to determine the extent of energy that could be 
conserved by developing a metro system. Energy demand data was paired with vehicle usage to develop a model for 
the transportation sector. This model was used to project energy demand for the transportation sector up to 2040 first 
in a business-as-usual (BAU) case. 

Results 

The study identified that by 2040, the metro ridership could reduce 60% of the road vehicles and 12 million tonnes 
of CO2 for Kuwait.  Moreover, the energy demand for the metro would require 1650 GWh of electricity in 2025, 
which will go up to 7320 GWh by 2040. 

Conclusions 

This model was used to project energy demand for the transportation sector up to 2040 first in a business-as-usual 
(BAU) case. Using the developed model, a Metro system was simulated to demonstrate how energy demand and 
carbon emission could be reduced in the transportation sector by comparing the BAU case and the Metro case. 
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Overview 
We analyse the effect of electric vehicle (EV) adoption on electricity consumption for a sample of 29 European 

countries. We employ a difference-in-difference approach to determine the impact of low adoption rates against high 
adoption rates on electricity consumption. Detecting statistically significant relationships while the market is still in 
its infancy, we can conclude that the effect will be much more significant once EV sales rival those of internal 
combustion engine vehicles (ICEVs). 

The literature on EVs and electricity consumption is divided into two groups; firstly, the studies forecasting 
electricity demand increases from simulations and models (ex-ante). Secondly, some studies look at the load-shifting 
potential of EVs (using EVs as moving storage devices to smooth peak electricity demand). To our knowledge, no 
study has investigated this issue ex-post. Perujo and Ciuffo (2010) and Dhar et al. (2017) are two studies that form 
part of the first group of studies. Both these studies outline that there will be some increase in electricity consumption, 
while Perujo and Ciuffo (2010) state that this is insignificant; however, their study was conducted in 2010, well before 
the legislation passed to ban the sale of ICEVs from 2030. 

Methodology 
We use a difference-in-difference model to analyse the data, with the treatment group being countries with EV 

sales above a threshold for that particular year. In contrast, the control group are the countries below this threshold for 
a particular year. EV sales data in all countries start in 2008, as a result, 2002-2007 is in the control group for all 
countries and acts as the pre-treatment period. The effective sample period is 2002-2017. We account for both country 
and time-fixed effects and a lagged dependent variable to avoid misspecification due to omitted variables. 

U)+�"��� � � 
 .�U)+�"����� 
 ./��� 
 .�U���� 
 .�/��� s U���� 
 .3'��� 
 ¦� 
 ¦� 
 È��� 
Where U)+�"��� is the log of electricity consumption growth of country 1 in period ", U���� is EV sales growth (as 

the measure for EV adoption rate), /��� is the indicator variable for when the value of EV sales is high for a particular 
observation, and '��� is electricity price growth (log returns). Note that we model the effect of EV sales on electricity 
consumption contemporaneously, as the lagged dependent variable already accounts for the previous year’s sales. The 
difference in difference estimate .� then gives the effect of high EV sales on electricity consumption and is our main 
coefficient of interest. We also use the year Tesla superchargers become available in a country as a proxy for when 
Tesla officially enters a market, as a shock. Given that our identification strategies cannot be argued to be exogenous, 
our results are non-causal. However, they still yield essential results for policymakers. 

Results 
We analyse the relationship between EV sales growth and sectoral and total electricity consumption growth. We 

find no statistically significant evidence of a relationship between the two variables for households. Given that this 
result might be due to the owners not charging their vehicles at home, we also consider electricity consumption for 
the transport sector. Here we find a statistically significant, negative relationship between the variables, or that lower 
EV growth rates are associated with higher electricity consumption growth rates. This is concerning as it could indicate 
that individuals are substituting away from public transport in favour of private transport. The relationship between 
total electricity consumption growth and EV sales growth has a similar trend as the transport sector. However, these 
results are not robust once we account for electricity price and population size. The results with Tesla superchargers 
as the shock show the same pattern as that of high and low EV adoption, indicating that the results are robust against 
a different identification strategy. 

Conclusion 
Given the current energy crisis mainly driven by the economic sanctions imposed by the West, we investigate the 

effect of EV adoption on electricity consumption and find a statistically significant relationship for total electricity 

ELECTRIC VEHICLES AND ELECTRICITY CONSUMPTION: HONEY, DID I PLUG IN 
THE CAR? 

 
Jacobus Nel, University of Pretoria, +27 72 915 6721, neljaco380@gmail.com 

Roula Inglesi-Lotz, University of Pretoria, +27 12 420 4504, roula.inglesi-lotz@up.ac.za 

Tr
a

n
sp

o
rt

a
ti

o
n



310

consumption and the transport sector’s electricity consumption. Our results indicate that even now, with EVs only 
accounting for a country maximum of 0.97% of new vehicle sales in the EU in 2019, there is a statistically significant 
relationship between EV adoption and electricity consumption. This makes it important for policymakers and strategic 
decision-makers to also model EV adoption and its effect on electricity consumption to avoid future electricity supply 
deficits. We also find evidence that consumers are substituting away from public transportation, which could have far-
reaching consequences, however, this needs to be investigated from a causal point of view to confirm this deduction 
and to ensure that policies are put in place to prevent this. 

Being the first to investigate the relationship in the ex-post fashion, our study lays the foundation for academics 
to improve upon our methodology to deduce a causal relationship. 
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Overview 
Governments, states, and regional authorities recognize the importance of supporting the decarbonization 
of the transportation sector to mitigate climate change. This process can be empowered by the higher utilization  
of so-called renewable (or green) hydrogen (hydrogen produced with the use of electricity generated from renewable 
sources) [1,2]. Transitioning to higher exploitation of green hydrogen in the transportation sector requires changes 
in the public policies and strategies enacted by regional and central/federal authorities [3]. Simultaneously, the need 
to decarbonize the transportation sector resulted in the rapid development of the automotive industry in the area 
of zero- or low-emission vehicles, demonstrating a wide range of constructions, including Plug-in Hybrid Electric 
Vehicles (PHEVs), Battery Electric Vehicles (BEVs), and Fuel Cell Electric Vehicles (FCEVs). Since each of these 
constructions differs significantly and represents competitive markets, it is crucial to consider each type of vehicle 
individually. Undoubtedly, both PHEVs and BEVs dominate the global market of electric cars [4], so I decided 
to focus on FCEVs, which offer worth considering potential for transportation sector decarbonization. Indeed, 
individual countries and regions have applied diverse public policy incentives and introduced more or less effective 
strategies to promote FCEVs [5]. In the last decade, California has been presenting a gradually growing market 
potential for FCEVs, including light-duty passenger vehicles, buses, as well as medium- and heavy-duty vehicles used, 
for instance, in the freight movement in Los Angeles. This process was accompanied by developing publicly available 
hydrogen refueling infrastructure and increasing green hydrogen production, transport, and storage. In this context, 
the identified research problem can be formulated as a question – How did the state policy instruments impact 
the fuel cell electric vehicle market development in California from 2012 to 2022? 

Literature review 
Electrification of the transportation sector is a significant action in making economy-wide decarbonization possible 
in California by 2030 and beyond. Research shows that the development of reliable hydrogen fueling stations 
will be required for the successful commercialization of fuel cell vehicles in this state [6]. The growth of the FCEV 
market and increasing demand for green hydrogen observed nowadays can be filled through commercial electrolysis 
using excess renewable energy [7]. However, despite the growing popularity of FCEVs in different ZEV market 
segments, the observed growth is still far lower than expected or predicted (considering the implemented policies and 
the adopted objectives) due to the significant institutional, technological, as well as demand- and supply-side market 
barriers [8]. The enacted policies and introduced instruments aim to overcome those barriers and accelerate 
the decarbonization of the transportation sector shortly. Moreover, recent studies show that the potential of hydrogen 
and fuel cell technologies applied in vehicles for medium- and heavy-duty sectors in California is substantial [9,10].  
A comprehensive evaluation of California's public policy focused on the decarbonization of the transportation sector 
by promoting hydrogen and fuel cell technologies has not been made yet by applying a qualitative method with 
individual highly structured interviews. While a case study focused on the barriers to the FCEVs diffusion in California 
was already done in the past [8], my case study will cover a more extended period and scope (considering the most 
up-to-date data) and will be specifically focused on evaluating individual policy instruments. In undertaking this, I am 
focused on the effectiveness of selected public policy instruments (introduced on the state level) in deploying FCEVs 
in California in the last decade. 

Methods 
I analyze and critically review the available scientific literature to systematize the state-of-the-art studies about 

public policy instruments used to shape California’s fuel cell electric vehicle market development in the last decade. 
To extend the studies, I analyze the recent secondary data (through desk research), especially statistics, reports, 
and market publications related to the research problem. The identified key FCEV market indicators allow 
me to present an overview of the changes from 2012 to 2022. In addition, the comparative analysis of the public policy 
statements, bills, and directives on the state level allowed me to study the adopted assumptions deeply and review 
the implemented instruments. Last but not least, I conduct individual highly structured interviews with policymakers, 
researchers, and representatives of the companies and organizations that are FCEV market stakeholders, such as firms 
related to sustainable and low-carbon production of hydrogen as a fuel, operators of the hydrogen refueling 
infrastructure, supply-side market actors, and demand-side market actors. The interviews are transcribed and evaluated 
using the NVivo software to generate results.  
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Results 
The research results allow the evaluation of public policy instruments implemented in California from 2012 to 2022. 
The fundamentally effective instruments were those implemented on the state level. I identified four strategic 
objectives and matching policy instruments which are as follows: (1) sustainable and low-cost production 
of hydrogen (most effective policy instruments were: Hydrogen Fuel Specifications and the 33% Green Hydrogen 
Requirement as regulations and standards; Low Carbon Fuel Standard as tradebale permits), (2) developing 
accessible and reliable refuelling infrastructure (most effective policy instruments were: AFV and Fuelling 
Infrastructure Grants as subsidies; Station Building Standards and Safety Codes as regulations and standards; 
and ZEV Infrastructure Support, Hydrogen Fuelling Station Evaluation as the information policies), (3) growth 
of market supply for FCEV (most effective policy instruments were: Light-, Medium-, and Heavy-Duty 
ZEV Requirements as regulations and standards, and ZEV Production Requirements as tradeble credits), and last but 
no least objective (4) growth of market demand for FCEV (most effective policy instruments were: Advanced 
Transportation Tax Exclusion, Zero Emission Transit Bus Tax Exemption, and ZEV Fee as tax incentives, Purchase 
requirements for Zero-Emission Transit Bus, Airport Shuttle, and Public Fleet Vehicles as regulations and standards, 
Bus Replacement Grants, LD-ZEV Rebates, HVIP Vouchers, and Emissions Reductions Grants as subsidies, 
and High Occupancy Vehicle and High Occupancy Toll Lane Exemption as information policies). The strength 
of impact and effectiveness of these individual policy instruments were also evaluated with the quantitative approach 
during the interviews by assigning the weights of impact to present the overall road map for FCEV market growth 
in these four critical strategic development areas. The research also discusses and demonstrates the essential role 
of demonstration projects, such as the example of the Port of Los Angeles, where heavy-duty FCEVs are operating. 
The research results contribute to a better understanding of the applied public policy instruments’ effectiveness 
in deploying hydrogen and fuel cell technologies in California's transportation sector. 

Conclusions 
The substantial quantitative and qualitative changes in California’s fuel cell electric vehicle market were mainly 
policy-driven in the last decade. It was possible thanks to the implementation of effective public policy instruments 
such as subsidies, fiscal allocations, and institutional support in the field of R&D activities as well as infrastructural 
development initiatives. These actions blazed the trail for the FCEVs in California’s transportation sector, which 
is responsible for nearly two-thirds of this state's total annual CO2 emissions. These incentives have resulted 
in an increasing number of hydrogen-powered cars operating in California and the development of a renewable 
hydrogen-generating infrastructure, making economy-wide decarbonization possible in this state by 2030 and beyond. 
However, the decarbonization of the transportation sector with the use of FCEVs presents a challenge for some 
U.S. states and other countries and regions worldwide. Therefore, it was crucial to determine which public policy 
instruments and projects successfully promoted the deployment of FCEVs in California. The intent of doing so was 
to serve as evidence-based examples for less-prosperous regions and states. It will be a great honor to present these 
research results and confront them with the opinion of experts at the 44th IAEE International Conference in Riyadh. 

IAEE Codes:  
10.6. Transportation – Policy Issues,  
10.3. Transportation - Electric vehicles & systems. 
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Overview 
Driven by rapid economic development, population growth, urbanization and industrialization, road freight 

transportation have been one of the largest contributors to the surging oil demand and carbon emission growth 
globally, and especially in developing countries in the last few decades. However, in the context of Paris Agreement, 
as all countries need to take immediate actions to mitigate their carbon emissions, road freight transportation become 
one of the hardest sectors to decarbonize. This is in part due to the lack of readily available alternative low-carbon 
fuel technologies (e.g. battery, hydrogen) to replace existing internal conustion enegine (ICE) vehicles. Another 
important factor is the low operational efficiencies of the trucking sector, especially in developing countries.  

The recent advances in information and communication technologies has brought about a valuable opportunity 
to reduce market inefficiencies. The wide availability and affordability of smart phones and mobile applications 
have enabled the establishment of digital platforms to effectively match shippers with trucks and carriers, using a 
business model that is very similar to Uber. By significantly reducing the freight matching cost and the possibility of 
empty backhauls, the Uberization of road freight may have great potential in improving overall performance of the 
road logistics system. In view of this important new trend, this research intends to evaluate the impact of this 
technological disruption on the energy performance of the trucking sector. Specifically, recent data from over 300 
cities in China is utilized for investigation. 

Methods 
The data used in this research are sourced from China’s trucking industry. Trip information from 2000 active 

trucks are collected for the period of October - November 2018, containing over 50000 consecutive road freight 
trips. Detailed information includes truck locations and trip characteristics, such as cargo weight, origin and 
destination locations of the trips. Other available information include truck and commodity attributes for the covered 
trips, such as vehicle type, vehicle length, carrying capacity, curb weight and cargo commodity type, as well as fuel 
type. 

The share of empty running is defined and calculated in this study. Data on locations and trips are first matched 
to calculate the share of empty miles for all recorded trips. The produced results are then further used for an in-depth 
investigation to evaluate the impacts of numerous trip, vehicle and geographic factors on the trucks’ empty running 
behavior. 

Results 
This section presents the estimated share of empty running for the entire sample, as well as results for different 

subsamples using several ways of classification. Aggregate share of empty running is defined as the ratio of total 
empty running distance against total trip distance at the sample/subsample level. 

Next, distribution of share of empty running is compared against categorization of commodities, vehicles, trip 
distances, vehicle carrying capacity, and geographic origins, respectively. The results suggest that commodity types, 
vehicle types, and trip distances have clear impacts on empty running by trucks, whereas vehicle carrying capacity 
and geographic origins of the recorded trips do not betray a strong effect. 

Overall, Uberization seem to have indeed generated an important impact on the operational efficiency of the 
road freight system and energy performance of individual truckers, by substantially facilitating the dissemination of 
freight information and reducing wasted truck miles. The effects seem to be pervasive and significant across all trip 
characteristics, including commodity types, vehicle types, vehicle carrying capacity, trip distances, and geographic 
locations. This implies the low effectiveness of the freight matching process in China’s conventional trucking sector, 
and the urge to utilize the latest technologies to improve efficiency. 
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Conclusions 
The rapid development of the information and communication technologies in the last decade have “Uberized” 

a number of industries and is now starting to transform the freight trucking sector. By overcoming market 
inefficiencies and creating economy of scale, the digitalization of the road freight system could potentially greatly 
improve its operational efficiencies and thereby boosting its energy performance. Along these lines, this research 
utilizes recent trucking data sourced from China’s road freight sector to provide a quantitative evaluation of the 
Uberization’s impact on one of the key energy efficiency indicators of the trucking industry. The results suggest that 
the online freight platform does bring about a significant reduction in the overall percentage of empty running for 
the analyzed sample. 
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Unveiling the factors influencing energy consumption in the aviation 
Sector of Saudi Arabia (2010-2019) 

Andres Felipe Guzman 
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Abstract 

Nowadays, energy demand is a critical worldwide issue due to the impact that the use of fossil-based fuels 
could have on climate change. In fact, transportation as an end-use sector has a long tradition of consuming 
significant amounts of fossil-based fuels compared to residential, industrial, and commercial sectors. The 
road is the largest fossil-based fuel consumer worldwide, while aviation, marine bunkers, rail, and waterway 
transport accounted for just 20 to 22% of the total consumption in the transport sector (OPEP, 2021). 
However, aviation is just behind the road, historically the most significant demanding sector worldwide 
with 12% (OPEP). Oil demand emerging from air transportation is at the forefront of the agendas of 
policymakers and researchers worldwide, not only for the depletion of non-renewables but also because of 
related CO2 emissions are rising. 

As mentioned by the IEA (2021), CO2 emissions emerging from the transport sector have steadily risen 
because of the increased demand and the limited uptake of alternative fuels. It accounted for 7.1 Gt in 2020 
(37% of the total end-use sectors). Although aviation only contributes 2 to 3% of the emissions in the 
transport sector, the expected situation is of the utmost importance because it is one of the most challenging 
sectors for finding alternative energy sources. 

Aviation transport in Saudi Arabia has been growing steadily during the last decade, peaking in 2019 with 
103 million passengers considering domestic and international flights. The awareness of the different 
relations, interrelations, and interactions among the subsystems of the aviation system (i.e., aircraft, 
airports, and passenger load factors) during the period 2010 to 2019 are crucial to analyze the main drivers 
that affect energy consumption in the aviation sector of Saudi Arabia. With the benefit of hindsight, this 
research provides clear evidence of the role of each subsystem on energy consumption. We conclude that 
changes in the energy consumed in the aviation sector depend on the different subsystems that actively 
participate in the collective operation. 

 

Keywords: aviation sector, energy demand factors, energy in transport. 
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Overview 
Climate change, overpopulation, rampant pollution, and resource depletion are significant environmental 

challenges that the world is facing. To combat climate change, Saudi Arabia seeks to alleviate the power sector's 
dependence on fossil fuels and develop technologies that help global decarbonization [1]. Hydrogen proton-exchange 
membrane (PEM) fuel cell vehicles (FCVs) is a promising novel solution for decarbonizing the transport sector. There 
are three primary forms of hydrogen to power the PEM fuel cell vehicle: “grey”, “blue”, and “green”. Grey hydrogen 
is produced from natural gas, blue hydrogen is also from natural gas that captures CO2 emissions using carbon capture 
and storage (CCS), whereas green hydrogen is made from water electrolysis powered by zero/ low carbon energy 
sources [2]. In this study, the focus is on grey and blue hydrogen due to their cost-competitiveness and technological 
availability compared to green [3]. Furthermore, Saudi Arabia heavily relies on fossil fuels such as crude oil and 
natural gas as its main energy provider [4].  As the sixth largest natural gas reserve, with 333 trillion cubic feet (Tcf), 
Saudi Arabia has tremendous potential for natural gas development [5]. Therefore, grey and blue hydrogen sources 
are considered to be more accessible and feasible for PEM fuel cell vehicle development in Saudi Arabia. However, 
literature studies on the life cycle assessment (LCA) of heavy-duty vehicles are limited. There is a research gap in the 
environmental assessment of the application of electric and PEM fuel cell buses in Saudi Arabia, as well as the energy 
consumption and emissions. The complete LCA can be divided into 2 parts: fuel cycle and vehicle cycle, whereas 
there are just a few studies focusing on both. This study aims to bridge this gap and explored the decarbonization 
potential of using grey and blue hydrogen in PEM fuel cell vehicles in Saudi Arabia by comparing the life-cycle 
emissions of diesel engines, electric vehicles, and PEM fuel cell vehicles for heavy-duty transportation, considering 
both the fuel cycle and the vehicle cycle. Here, we assessed the global warming potential (GWP), abiotic depletion 
potential (ADP), and acidification potential (AP) of 10 PEM fuel cell (FC) buses operating in Makkah using grey and 
blue hydrogen produced in Saudi Arabia. For comparison, 10 battery electric buses using electricity from Saudi 
Arabia’s grid and 10 internal combustion engine (ICE) buses running on diesel are examined across their entire life 
cycle. Furthermore, the refueling infrastructure requirements in Makkah and LCA for transporting hydrogen from 
eastern Saudi Arabia to Makkah are also defined. 

 

Methods 
The ‘cradle-to-grave’ system assessment of the environmental impacts and GHG emissions was implemented 

according to the LCA methodology of the International Standards Organization (ISO 14040 and 14044). The GREET 
(Greenhouse gases, Regulated Emissions, and Energy use in Technologies) model was developed by the U.S. 
Department of Energy’s (DOE) Office of Energy Efficiency and Renewable Energy.  It comprised two components 
and offered a comprehensive, lifecycle-based method to quantify the energy use and emissions resulting from the fuel 
cycle (calculated by GREET 1) and the vehicle cycle (calculated by GREET 2).  A model was developed based on 
GREET 1 to quantify the energy use and emissions from feedstock extraction, feedstock production, feedstock 
transport, feedstock refining, fuel distribution, and fuel use by heavy-duty vehicles. The energy use and emissions 
required for extraction of raw material, material production, material transport, assembly of the vehicle, vehicle 
distribution, vehicle operation, and vehicle disposal and recycling were calculated by GREET 2. Since most vehicles 
in KSA were assembled overseas and delivered to Saudi Arabia, additional considerations were provided in the 
approach to account for the air emissions and energy use at the vehicle distribution stage.  

All datasets used for the LCI compilation phase gave priority to data specific to Saudi Arabia. When these datasets 
were not available, other secondary data sources were used, including the GREET dataset. The data input and 
calculation method of GREET were not suitable for Saudi Arabia during the operation, further modifications were 
performed to adapt to the project’s requirements. 
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Results 
This study explored the decarbonization potential of using grey and blue hydrogen in PEM FCVs for heavy-duty 

transportation in Saudi Arabia from the environmental impact point of view. Total system emissions are mainly 
composed of those from the vehicle production, fuel production, and vehicle usage phase. ICEV, PEM FCV, and BEV 
systems differ in the way how their emissions are distributed in these three stages. Based on previous research [6], we 
expect PEM FCVs using blue hydrogen and BEVs to deliver lower life-cycle emissions compared to ICEVs. A 
comparison between BEVs and PEM FCVs will be conducted. The final results are highly dependent on Saudi 
Arabia’s specific data input and assumptions made under different scenarios. 

It was shown that the ICEV’s emissions mainly come from the usage stage. This is the least sensitive to the area-
specific variation. For BEVs, the vehicle production phase usually accounts for a large portion of the total emissions, 
especially when BEVs are made abroad and imported to Saudi Arabia. At the same time, the BEV system’s usage 
phase emissions are highly dependent on the grid emissions. This is one of the key areas where the KSA-specific 
number plays a role, particularly when we consider the movement of power generation systems from oil to natural gas 
and renewables in the future. In the case of PEM FCVs, the main focus is on the fuel production phase since there is 
less uncertainty for emissions in the usage stage.  

Conclusions 
A novel LCA has been performed to explore the decarbonization potential of using grey and blue hydrogen in 

PEM fuel cell heavy-duty vehicles in Saudi Arabia, employing both the fuel cycle and the vehicle cycle.  For the 
hydrogen PEM FCVs, emissions from upstream fuel production and delivery (or well-to-pump) are the most critical 
since the emissions in the usage phase are practically zero. Hydrogen can be produced and used inside Saudi Arabia 
employing gas tube trailers for fuel transport. This has a potential to reduce the emissions at this stage. Because blue 
hydrogen has most of its production emissions captured, it delivers lower total emissions relative to grey hydrogen. 
However, the efficiency and energy use of carbon capture and storage system can also bring substantial uncertainty. 
Furthermore, improvements in battery recycling technology, the evolution of solid-state battery technology and its 
application in vehicles, the development of lightweighting of aluminum in vehicle production, and the utilization of 
pipelines to transport hydrogen all have implications for the assessment of life-cycle emissions and energy 
consumption. These areas of research are worth exploring in the future. 
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Overview 
Global transport is one of the most significant contributors to fossil fuel consumption, local air pollution and 
greenhouse gas emissions. In 2019, it was responsible for almost a quarter of all direct carbon emissions globally, 
around three-quarters of which were due to road vehicles (IEA, 2020). A potential solution is offered by electric 
vehicles (EVs), which are four times more efficient than conventional internal combustion engine vehicles and provide 
an opportunity to significantly reduce national emissions when combined with low-carbon intensity energy systems 
(IEA, 2021). The EV market is expected to continue growing significantly as EV deployment is increasingly of interest 
in many countries as they strengthen their environmental commitments and efforts. 
 
The Kingdom of Saudi Arabia, for example, has been a leader in the international energy markets, contributing to both 
global and its own domestic economic growth. However, the economic growth in the country is also associated with 
a surge in emissions: between 1990 and 2014, its total emissions tripled to 600 CO2 million tons (Wogan et al., 2019). 
In 2016, however, the country embarked on a societal and economic makeover through its Vision 2030, placing 
sustainability at the core of its future development. In the days leading up to COP27 in 2021, Saudi Arabia amplified 
its Paris Agreement pledge, committing to carbon neutrality by 2060. Aware of the magnitude of this commitment for 
the world’s largest oil exporter, the government has launched a range of further environmental-friendly initiatives. 
One of those initiatives is a target of 30% EV penetration in Riyadh by 2030. Thus, it is essential to build a 
comprehensive understanding of potential demand and response to different adoption-incentivising policies given that 
in the early stages of EV adoption, in particular, adopting optimal incentivising measures reduces the burden on 
government (Langbroek et al., 2016). However, to the best of our knowledge, no publicly available study investigates 
the demand for EVs by the population of Riyadh City. This study thus aims to fill the gap by examining consumers’ 
acceptance of EVs in Riyadh City and the expected responses of consumers to various attributes and incentives. 

Methods 
The analysis was conducted through primary data from a stated-preference survey targeting adult residents (aged 18 
and older) in Riyadh City. The sample was distributed through convenient sampling to attain a total of 703 responses 
from the targeted audience. Characteristic sample analysis was conducted to find that the collected sample closely 
follows the population shares. However, Saudis and those aged 25–34 are more highly represented than in the 
population. Aside from providing analysis on travelling behaviour and vehicle purchase preferences, the study utilised 
Biogeme python software to construct a mixed logit model, capturing the utility of EV adoption. 
 

 

 

 
 
 

Results 
According to the survey, an average household (average household = 5 members, excluding domestic workers) owns 
3.04 vehicles, 40% of which are described as SUV, a van or similar. Even among those who indicated no car 
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ownership, 97% expressed their transfer through vehicles (taxi service, car rental, or friend/relatives’ cars). The survey 
also showed that, on average, residents of Riyadh make about four trips a day: based on respondents’ approximations, 
20% of all the trips take less than 15 minutes and 70% less than 30 minutes. 
 
In total, the stated-preference experiment collected 4110 observations, where EVs were chosen 1920 times (47%) and 
conventional vehicles 2190 times (53%). The model shows that unlike emissions from conventional vehicles, the 
emission levels of electric vehicles are insignificant in determining consumers’ selection. Respondents were more 
sensitive to changes in the monetary values of electric vehicles than conventional vehicles. Regarding any anxiety 
about EV ranges, the same sensitivity was found in changes in EV ranges relative to traditional vehicles. Charging 
infrastructure availability and non-financial incentives (i.e., access to designated parking and road lanes) positively 
influence the likelihood of EV adoption. Regarding the socioeconomic and travel-behaviour determinants, Saudi 
participants were less likely than expats to purchase EVs. Meanwhile, females and those (both genders) in their 40s 
showed a likelihood of purchasing an EV, which aligns with studies conducted on the region. Also, those with an 
average of shorter trip durations (less than 30 minutes) and those who personally know EV owners in Riyadh were 
more likely to adopt them. 

Conclusions 
Attaining the determined target is a significant challenge that requires significant reforms to incentivise EV uptake. 
This is especially true since Saudis showed caution in their adoption decision-making, with high consideration to the 
variation in monetary incentives for EVs. Although providing economic incentives such as tax exemption will likely 
encourage adoption levels, there are also opportunities for policy interventions that create less of a financial burden 
on the government. This could be providing access to designated public parking spaces for EVs and providing EV 
owners access to the newly introduced bus road lanes in Riyadh City. Since being allowed to drive, an increasing 
number of females are acquiring vehicles in Riyadh, creating an opportunity to enhance EV adoption, given that this 
study shows their higher tendency relative to males. It is worth noting the study shows that almost 60% of the targeted 
population indicated an interest in purchasing a vehicle in the upcoming three years, where the great majority stated 
that a new vehicle would replace an existing vehicle. This creates a window of opportunity to implement optimal 
incentivising policies, as once a conventional vehicle is purchased, investment then becomes ‘locked’ for a period of 
years. 
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Overview 
Sea transportation is the most important industry that serves world trade substantially and marks a significant 

amount of oil demand to perform the trade. Growing world population and its expected living standard results in 
shrinking of local resources and thus, increases the dependency of the world economy on international trade. This in 
turn, results in an increase in world seaborne trade. Recently, Saudi Arabia has established several strategic tactics 
such as Saudi Vision 2030 to predict the future of the country. One of the key elements in this vision is to transform 
Saudi Arabia into a global transport and logistics hub, with its strategic location at the epicenter of three continents. 
Utilization of this locational advantage is expected to cause huge trade in future, which results in additional oil demand 
in this sector. This advantageous location gives Saudi Arabia unmatched competitive growth in the region and allows 
it to become a leading regional logistics hub. To realize a growth in the economy of the country, this paper predicts 
the future values of total seaborne export and then potential fuel consumption in the Saudi shipping sector. 
Furthermore, Saudi Arabia launched the country’s National Transport and Logistics Strategy (NTLS) program and as 
a part of this program, NTLS has set a target of reaching a capacity of more than 40 million TEU (twenty feet unit) 
annually (Taha, 2021). The paper observes whether Saudi Arabia can reach the target depending on various GDP 
growth. Finally, as future oil demand is estimated using forecasted exports, understanding the key drivers relating to 
Saudi exports becomes imperative. This paper also investigates the key driving factors of Saudi exports. We utilized 
three different determinants including supply side GDP per capita (GDPpc-SS) i.e. Saudi GDP per capita, demand 
side GDP per capita (GDPpc-DS), i.e. top five export county’s GDP per capita and Saudi crude oil spot price (spot 
price) to analyze their impact on seaborne export.  

 

Methods 
Time trend model with outlier and break detection approach was employed and calculated at a CAGR, called 

business-as-usual (BAU) scenario to forecast Saudi seaborne export up to 2040 and then, the corresponding fuel 
consumption in this sector is estimated using the energy intensity number. The error correction model (ECM) was 
applied to determine the long-run and short-run dynamics among the variables while fully modified ordinary least 
squares (FMOLS) cointegrating regression equation was estimated to determine the impacts of the variables on the 
seaborne export.   

 

Results 
As of 2019, the estimated fuel consumption in the Saudi shipping sector is about 0.173 million barrels oil 

equivalent per day (mboe/d). Considering it as a baseline demand, oil demand is expected to grow by 0.046 mboe/d 
by 2040 under the business-as-usual scenario. Regarding the key drivers’ impact on Saudi exports, the results indicate 
that GDPpc-SS and GDPpc-DS positively correlates with seaborne export whilst spot price is inversely related to 
seaborne export. The results further indicate that GDPpc-SS is the most prominent determinant among all and has a 
higher impact on seaborne export. ECM has identified a sizable speed of adjustment of 53.04% for correcting the 
system previous period’s disequilibrium annually, meaning that almost 53% of the discrepancy between long run and 
short run is corrected within a year. Based on the results, this study puts forward several policy implications. Finally, 
assumptions of various Saudi GDP forecasts lead to understand the potentials of achieving NTLS’s target.   

PRESENT AND FUTURE TREND IN SAUDI SEABORNE TRADE AND OIL DEMAND: 
COULD BAU SCENARIO MEET NTLS’S MARITIME TARGET?  
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Conclusions 
In conclusion, exploring the presence and the direction of causal relationship between a country's trade and 

economy can aid in the formulation of its long-term economic policies. The outcome of this paper indicating a 
significant relationship between GDP and seaborne trade is very worthwhile for the government officials, decision 
makers, and international affairs of a nation like Saudi Arabia. Because the decisions or actions taken by them might 
have economic repercussions, and therefore, they should realize the relationship prior to acting.  
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Overview 

Economic diversification is a top priority for Saudi Arabia under Saudi Vision 2030, the government’s 
national development masterplan, which sets ambitious targets for the growth of the Kingdom’s non-oil industries. 
This includes making the country a global player in logistics by enhancing the freight transport sector and associated 
value chain while confronting the related challenges posed by climate change. Transport policy measures can 
contribute to these objectives. Currently, the Saudi freight transport network is predominantly served by one mode, 
road freight. The lack of a robust multi-modal freight system undercuts Saudi Arabia’s ability to meet its objectvies 
for the sector and contributes to the levels of carbon emissions from the transport sector in the country. This study 
applies the KAPSARC Transport Analysis Framework to address the heterogeneity of urban, regional and inter-
regional areas by analyzing socioeconomic and spatial differences to quantify the likely impacts of different types of 
�������\�����Ä������\Ä������"�����������Ï������
î�����\\���\"�����������������������}����Two scenarios are 
explored, the first, applying an infrastructure policy of developing a railway line which connects the west coast with 
the existing railway network in the center/east of the country. The second scenario explores applying regulations to 
reduce fuel consumption.  

Methods 

The KAPSARC Transport Analysis Framework (KTAF) methodology integrates five analytic steps to run a 
into an online network analysis visual application. First, it combines NTL satellite images with indicators of 
employment and employment productivity to infer economic and human activity data, segregated for the purposes of 
this study by different profiles of urban centers. Second, it analyzes this data in an aggregate four-step transport 
demand model where generation and distribution of trips are calculated. Third, KTAF employs an approach known 
as ASIF (activity, modal share, energy intensity, carbon intensity of fuel), initially developed by Schipper et al. 
(2001), to estimate energy consumed and emissions from transport. Fourth, it applies an avoid, shift, and/or improve 
approach (A-S-I) approach for setting policy measures. This approach focuses on demand-side policy measures that 
create sustainable transport system design. It focuses on reducing the use of high-emitting transport modes, shifting 
toward more environmentally friendly modes and optimizing the operational and technological efficiency of 
transport modes (Bongardt et al. 2019). Finally, KTAF conducts an impact assessment of the environmental, 
economic and social outcomes of freight movement.  

Results 
 

The findings of the study showcase the potential effectiveness of measures to increase logistics efficiency, 
reduce emissions of greenhouse gases and other pollutants, and diminish the consumption of fuel for freight 
transport activities. The results indicate that Saudi Arabia can achieve the la���\�����Ä����������
î����\\���\��È�
combining regulatory and pricing policies with an infrastructure buildout that focuses on increased accessibility to 
existing major logistical areas in the Kingdom. Additionally, a more robust multi-modal freight system will reduce 
road congestion and associated maintenance costs. 

Conclusions 

Saudi Arabia’s transport sector can play an important role in facilitating the country’s efforts to diversify its 
economy. This study offers empirical insights into transport and infrastructure policies in Saudi Arabia, building on 
����#*������\\���ð\�Ä����+����������������È�������\�������������EÄ�����È�����������\��������\��������Ä������\� It 
sheds light on how transport regulations can help rationalize fuel consumption and reduce greenhouse gas emissions 
and other air pollutants in the Kingdom. Utilizing the KTAF process, beginning with inferring economic and human 
activity data by combining NTL satellite images and economic indicators of employment and employment 
productivity. Next, an analysis of the data is conducted with an aggregate four-step transport demand model, 
afterwhich an ASIF approach is applied to these results. Finally, an A-S-I approach is utilized to set policy measures. 
The analysis considers two scenarios for Saudi Arabia. Scenario 1 looks at the effects of implementing an 
infrastructure policy of developing the Landbridge project connecting Makkah Province to the Eastern Province 

                                                                   

Achieving sustainable freight movement in Saudi Arabia via transport policy 
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through Riyadh. Scenario 2 combines the Landbridge infrastructure development with regulations to reduce fuel 
consumption: diesel fuel price reform and environmental charges. The results demonstrate the considerable impact 
infrastructure development and transport policy measures can have on fuel consumption in freight activities in Saudi 
Arabia. The study showcases the potency of combining different policy approaches to increase the efficiency of freight 
transport activities, reduce emissions of GHG and other pollutants, and decrease fuel consumption in freight transport 
activities while developing critical transport infrastructure that can help the Kingdom meet its 2030 economic reform 
targets.  
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Overview  
Recent changes in transport policies and regulations around the world influenced by global events and commitments 
are reshaping internal and external freight flows. Disruptions in the global supply chain caused by the COVID-19 
pandemic and exasperated by continued geopolitical situations have renewed calls for more resiliency and 
sustainability in the traditional production and supply chain. Additionally, an estimated 7% of global CO2 emissions 
stem from international trade-related freight transport and logistics activities (ITF, 2016). This calls for a deeper 
understanding of how transport infrastructure plays a key role in supporting the reshaping of transport flows. KSA’s 
strategic geographic location along the East-West shipping lane, where around 13% of international trade passes 
through the Suez Canal on KSA’s Red Sea coast, puts the country in a unique position to develop its logistics 
infrastructure to one that will play a larger role in the global supply chain, allowing the country to inch towards its 
plans to become a global transport and logistics hub. Understanding the current layout of transport and logistics 
infrastructure in the KSA and using geospatial multi-criteria analysis to assess the effectiveness, sustainability, and 
resilience of the newly proposed logistics projects in KSA will shed light on how to enhance the overall transport and 
logistics network and if it improves the efficiency.   

Methods 

This study uses a geospatial multi-criteria analysis (GIS-MCA) technique to highlight the impacts of transport policy 
options. MCA is a well-structured technique that establishes preferences between options by referencing a specific set 
of objectives. Integrating geospatial analysis with MCA is an ideal approach that combines relevant yet diverse 
quantitative and qualitative data into composite indicators for ranking different scenarios (González et al., 2011) and 
takes into account spatial dimensions and geographical data models when developing the evaluation criteria (Ryan 
and Nimick, 2019). In this study, the Analytic Hierarchy Process (AHP) is applied to find the relative weight and 
priority of each identified criteria through a preference matrix that compares all the identified criteria against one 
another. 

Results 
The results of the study provides a comparison between the different logistics zone projects under development 

in the country. It  sheds light on the efficiency, sustainability, connectivity to the overall network, and resilience of 
the different projects planned in the KSA. Through the MCA, various factors indicative of a suitable location for 
logistics centers will be assessed. Suitability maps for each criterion will be combined and correlated to the findings 
of the AHP to arrive at an assessment of the current infrastructure of said centers and possibly highlight other locations 
based on the criteria defined. 

Conclusions 
This study aims to understand the current layout of transport and logistics infrastructure in the KSA and assess 

the effectiveness, sustainability, and resilience of the newly proposed logistics projects through a geospatial multi-
criteria analysis. Using GIS-MCA techniques to facilitate the analysis of multiple factors with consideration of the 
spatial aspect to evaluate and prioritize alternative scenarios, which allows for the understanding of how the new 
logistics projects will enhance the overall transport and logistics network and improve efficiency.   

 

 

 

                                                                   

Assessing the development of  KSA as a sustainable logistics hub – A geospatial multi-
criteria analysis 
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Abstract
Objective:
The prominence of the Indian manufacturing sector has been divaricated over the years in terms of sectoral
contribution to economic growth and its role as a leading sector of the economy, but it has sustained its major share in
total energy consumption of the country always. Dissecting this higher energy consumption by integrating the role of
transport infrastructure opens a new domain for the study where a sectoral level analysis of transport energy
consumption is also possible
Methodology:
An analysis of transport energy consumption with Manufacturing sector output, the performance of transport
infrastructure, and public spending on transport infrastructure in India using annual for the period 1987 to 2019. The
study employed ARDL bounds test approach along with FMOLS, DOLS, and CCR methods.
Findings:
The results of ARDL bounds test followed by FMOLS, DOLS, and CCR provide evidence for the long-run and short-run
relationships among study variables. The inference of the positive impact of Value Added in the Manufacturing sector
on transport energy consumption validates the higher energy demand of the manufacturing sector from a mobility
perspective.
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suggests that oil as the main fuel for transportation could have a much shorter life span left than commonly assumed.
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The state-led afforestation and socioeconomic well-being: Evidence from the Billion 
Trees Afforestation Project, Pakistan 

 
Extended Abstract 

This paper aims to examine the impact of state-led afforestation activities on the socioeconomic 
well-being of society. The socio-economic indicators include poverty, livelihoods, health, and 
social cohesion. The government of Pakistan launched a reforestation project, namely the “Billion 
Tree Afforestation Project (BTAP)” in Khyber Pakhtunkhwa (KP) in 2014. The project aims to 
increase forest areas by 2% to restore impoverished forests and combat climate change (Kamal et 
al., 2019). The initial estimates show that the KP forest area would amount to 23.59 million 
hectares at the end of 2030, with an increase of 3.29% (Nazir et al., 2019).  

Despite short-term contributions, rural livelihoods' sustainability remains an essential concern 
related to the BTAP project (Khan et al., 2019). Khan et al. (2019) argue that more efforts are 
needed to increase rural families' income and protect the environment. The impact of reforestation 
on socioeconomic well-being requires a more in-depth analysis of social and cultural norms (Le et 
al., 2014). These factors influence rural families' participation in afforestation activities and hence 
play a pivotal role in designing and improving an effective mechanism of afforestation incentives 
(Dinh et al., 2017; Liu et al., 2019).  

We used primary data collected from 1100 households (550 beneficiaries and 550 non-
beneficiaries). A multistage-sampling framework was used to collect a representative sample from 
two districts, Haripur and Charsadda.  

The results show that state-led afforestation activities significantly improve economic well-being, 
especially among the cash-cropped afforestation group. The impact varies across species planted 
and land utilization – agriculture vs. non-agriculture land. The project has a weak relationship with 
social indicators such as education and health. This implies that the economic return from 
afforestation is insufficient to improve social well-being. 

Agriculture is an integral part of the Pakistani economy and provides direct and indirect 
employment to more than 70% of the workforce. Forests are essential to support rural economies 
and improve rural populations' well-being, mainly dedicated to agricultural subsistence activities 
(Dhakal et al., 2012). This study helps inform policymakers and other stakeholders about 
reforestation's contribution to improving families' well-being. Findings help the government to 
redesign the forestry policies for better coverage and long-term sustainability of forestation.  

Billion Tree Project (BTP): An overview 
Billion Tree Afforestation Project (BTP) was designed and implemented by the KP government in 
response to the BONN challenge in 2011. It set the target of adding 1 billion trees in the provincial 
territory through regeneration (60%) and plantation (40%). It involved three phases for the 
completion of the project. Phase I started in November 2014 and was completed in December 
2015. Phase II began in January 2016 and was completed in June 2017. The project was extended 
for a third phase (July 2017-June 2020) due to the availability of funds and to retain the assets 
(e.g., forests) generated during the project. A budget of Rs.22.5 billion was allocated for all phases 
in PC-1. The project's main objectives are to increase forest cover by 2%, plant one billion 
seedlings through regeneration and plantation by involving communities and the private sector, 
and provide livelihood and job opportunities to locals.  
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Abstract
How would implementing a price on carbon emissions affect the structure and composition of international production
networks? Which sectors or countries would bear the cost of the reconfiguration of global value chains? What will be
the impact on energy production and exchange? To answer these questions, we develop a multi-sector open-economy
model, and run counterfactual simulations of the macroeconomic effects of three carbon pricing policies: (i) a global
uniform tax; (ii) an EU-only tax; and (iii) an EU carbon border tax.

We consider an economy producing a finite number of goods used for both intermediate and final consumption. Each
good is produced by a distinct productive sector, which exists in a finite number of countries trading among themselves.
Firms produce goods with a CES combination of input factors and intermediate inputs. A representative household
derives utility directly from consuming a bundle of differentiated goods, themselves composed of sector-specific final
goods produced in all countries. Households earn revenues from labour and taxes. Tax revenues collected on carbon
emissions are evenly redistributed among domestic households in a lump-sum fashion.

We then consider the introduction of a carbon tax on direct carbon emission intensities. The new set of intermediate
good prices faced by a buyer reflects (i) the price increase resulting from the tax imposed on the direct emissions of
sector, and (ii) the indirect price increases resulting from the taxes imposed on suppliers further up the value chain. The
new price structure creates a process of adjustment of intermediate input exchanges, with firms recalibrating their
purchase decisions towards relatively less expensive inputs. Households also react to changes in final good prices by
adjusting their optimal consumption bundles. After introducing the tax, reallocating tax revenues and balancing the new
inter-industry matrix, we derive and study the new equilibrium of the system.

We calibrate the model to the country- and sector-specific data provided by the World Input-Output Database (WIOD),
and take elasticity values from the current literature on the topic.

Our preliminary results provide multiple insights on the network effects of carbon pricing:
- Introducing a global carbon tax, while helpful in decarbonising the global value chain, comes at a cost that is not
equally distributed. High-polluting countries (e.g. China, Russia, Indonesia) lose up to 3% of their output, while others
are positively affected from the tax because their relatively less polluting industries become more competitive on
international markets (e.g. Sweden, Norway, Denmark).
- A global carbon tax affects the relative positioning of countries within the global value chain: countries most affected
by carbon pricing (either directly or via their value chains) become less central in the network, while countries with
relatively cleaner production gain access to more interconnected and central value chains (as measured by standard
measures of network downstreamness and upstreamness).
- Decomposing the economic effect of carbon pricing, we also find that the impact of consumption choices is stronger
than the impact of input substitution by firms. A key role is played by the change in demand driven by the increase in
price of intermediate inputs, rather than the direct effect of the tax on the production.
- We are also able to compare the impacts of a global carbon tax with an EU-only tax. Global carbon emissions
decrease by 4.4% in the first case, while an EU tax only brings about a 0.3% change. In terms of output costs, a global
carbon tax leads to a global decrease in output of 1.6%, while an EU tax generates only a 0.5% decrease, mainly
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concentrated in European countries.
- The introduction of an external carbon border adjustment policy in EU only partly affects other regions and
redistributes the burden of policy-induced costs onto them.
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Overview 

Many oil-exporting countries are going through a transformational journey where the governments are concerned 
with the allocation of resources to generate new development opportunities. From a government/national 
perspective, the opportunity cost of oil is key for assessing projects or policies that displace oil from (or add oil to) 
domestic consumption. Investing in renewables, energy efficiency, industrial development projects, or implementing 
new regulations can impact domestic demand for oil. The public cost-benefit analysis of such projects and policy 
shifts requires assuming a value for a barrel of oil displaced from or added to domestic consumption. This value is 
the opportunity cost of domestic oil consumption. It is not necessarily the international price of oil, since it also 
depends on the national circumstances of the country. The public discount rate is a critical element in the assessment 
of the opportunity cost of oil. Because of market uncertainties, future oil price-related cash flows need to be 
discounted at a rate different than a risk-free discount rate (Pierru and Matar, 2014). The value used for the public 
discount rate may strongly impact the valuation of investments with a long lifetime.  

Using informed estimates of the opportunity cost and public discount rates would help leverage countries’ oil 
endowments in maximizing the welfare of their citizens. This paper proposes frameworks that can be used to 
estimate the opportunity cost of oil and the discount rate that account for the specificities of oil-exporting countries. 
Some numerical illustrations are provided for the case of Saudi Arabia.  

Methods 

We expand our previously developed partial equilibrium model and update the results given in Karanfil and Pierru 
(2021). The model deals with an oil producer’s welfare problem considering a major oil exporter. Constraints on oil 
production, the level of exports, and domestic consumption are taken into consideration as they play key roles in 
determining the opportunity cost of oil. The model allows us to compare different domestic oil pricing schemes and 
assess net welfare gains that can be generated from a reform of the domestic oil price. A special focus is given on 
the value to use for the public discount rate as it is a crucial parameter in the opportunity cost estimates (particularly 
in calculating the present value of future revenues). As an illustration, to calibrate the discount rate, we apply the 
extended Ramsey formula using the annual growth rates of Saudi real private and gross consumption per capita. 

Results 

The study aims at addressing the following questions: 

- What are the factors that drive the value of the opportunity cost of oil? 

- Which value to use for the public discount rate?  

- How to value risk diversification in an economy that depends on volatile oil revenues? 

After developing a framework that enables us to study the above questions, we use it to obtain illustrative values for 
Saudi Arabia. The results show that the opportunity cost of oil for an oil exporter is less than the world market price. 
The most efficient domestic pricing policy is to set the price of oil equal to its opportunity cost. We show also that 
once the risk premium associated with the crude oil prices is accounted for, the public discount rate increases 
significantly.  
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Conclusions 

The paper devotes particular attention to the implications of opportunity cost and discount rate estimates for 
assessing projects and policies. It aims to provide frameworks to evaluate these two elements for resource allocation, 
project selection, and policymaking in oil-exporting countries. We argue that the oil used in public projects has to be 
valued at the opportunity cost and that expected oil price-related cash flows have to be discounted at a risk-adjusted 
discount rate, such as determined in this paper. 
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Overview 
The contribution of carbon assets (including oil and gas) to the economic prosperity of oil-exporting countries is 

significant. In contrast, a critical evaluation of economies that depend on oil revenues reveals that, on average, they 
have not benefited much from exploiting their natural endowments. Various elements have been challenging in oil 
countries’ management of their wealth, including the Dutch disease, the volatility of resource revenues, weak skills 
transfer, among others. A suggested pathway for oil countries to mitigate this new set of challenges is to diversify 
their economies. Diversification of oil economies should also ensure the energy security of the global economy in 
the path of the energy transition. For countries relying on oil-export revenues, diversification would help transform 
hydrocarbon revenue into other forms of assets while protecting economies from commodity price volatility. 

 

Methods 
In this paper, we hypothesize that differences in structural characteristics can generate differences in the 

diversification paths of oil countries. This should explain why economies that exploit the same natural resource, oil, 
can differ significantly concerning their export baskets. Some countries having initially similar characteristics may 
converge towards the same level of diversification. On the other hand, they may also have diverging track records of 
diversification. To test this hypothesis, we first investigate whether diversification efforts that have been put by the 
oil-exporting countries have been converging as a whole over time. Then, we examine whether the diversification 
paths of individual countries create convergence clubs with different steady-state levels of diversification. 
Additionally, we use ordered logit models to investigate the factors behind the formation of the convergence clubs 
and discuss how these factors can help improve the resilience of oil-exporting countries in the future. 

 

Results 
Despite the evidence of a correlation we show between economic resilience and diversification, countries’ 

export diversification paths have shown little progress and have even declined in some oil countries. Our 
convergence analysis suggested that overall diversification efforts in oil-exporting countries have diverged but that 
they can be clustered into three convergence clubs with different paths and levels of diversification. We find that 
improvements in commercial and financial fields are associated with higher odds of being in a high diversification 
club. Good institutional quality and infrastructure are also found to be correlated with high diversification. Countries 
with a higher stock of human capital and level of R&D tend to belong to the clusters with higher diversification 
levels. However, economies with adverse macroeconomic conditions (e.g. inflationary environment) have higher 
odds of being in a low diversification club. 

 

Conclusions 
Traditional oil-exporting countries (such as Gulf Cooperation Council countries) have been implementing 

structural reforms and increasing efforts to diversify their economies away from exhaustible resources. Many of 
them have launched strategic plans or visions in this direction. For instance, Saudi Arabia’s Vision 2030 aims to 
enhance local content, support national products and expand the industrial base in the country to promote the 
production of new products. Also, in line with the Vision’s Financial Sector Development Program, it is aimed to 
strengthen financial institutions to support the growth of the private sector and stimulate investment. On the other 
hand, the National Transformation Program aims to improve the government’s operational efficiency and enhance 
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the infrastructure to improve economic enablers. As shown in this paper, all these policy measures and reforms 
would help increase the likelihood of countries having a more diversified and resilient economy.    
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Overview 
The COVID-19 pandemic has put governments and the global economy under considerable stress. 

Governments of developed and developing countries alike have been called to take immediate action and to deploy 
significant public capital to address the unforeseen shock induced to the healthcare systems and to economic activity 
because of stringent measures, such as lockdowns, school closures and halting of non-essential services. Countries 
with better fiscal positions, ease of access to international capital markets or those sitting on accumulated assets, e.g., 
revenues from natural resource exploitation or assets accumulated in Sovereign Wealth Funds (SWFs), should be able 
to employ strong economic stimulus to ease the impact of the pandemic on the domestic economy. At the same time, 
many oil and gas exporters are faced with a twin challenge of dependence on (falling fast) oil revenues on one side 
and increasing pressure on the expenditure side to address the pandemic effects. Hence commodity exporters should 
be in a worse position to take strong policy responses against the pandemic, as compared to countries not exposed to 
a sharp drop on the revenue side. The economic challenges caused by the commodity price collapse are not a first-
time shock experienced by resource-rich countries. Oil-producing countries, have a long experience of battling with 
shocks dating back to the 1970s during the first oil price shock. Over the past several decades policy makers in 
resource-rich countries and the academic community have investigated alternative approaches to insulating resource-
dependent economies from commodity-related shocks. A prominent response to the latter has been the adoption of 
resource-based SWFs and fiscal rules. The group now includes not only resource-based SWFs but also pension and 
reserve funds. Equally impressive has been the increase in the accumulated assets managed by the SWFs worldwide 
amounting to a total of more than USD30 trillion in 2021 of which a large share is linked to the exploitation of natural 
resources, mainly hydrocarbons.  

COVID-19 as a global pandemic, that has induced an external shock to commodity exporters, poses a good 
opportunity to examine the responsiveness of the countries to unforeseen disruptions and how these are linked to the 
fiscal stances of the countries. We provide empirical evidence on the COVID-19 policy responses, focusing on the 
role of SWFs and resource abundance. In a global sample of countries, we check whether the presence of SWFs is 
associated with larger responses to the COVID-19 pandemic. We complement the ongoing research in the field by 
paying a closer attention to countries rich in natural resources and to the role of SWFs as explicit economic tools. We 
find that fiscal stimulus is larger in developed, high-income and better credit rating countries. We also find that 
countries with higher public debt record larger fiscal stimulus against the COVID-19 pandemic. Our findings on 
natural resources show that there is a negative relationship between natural resources and fiscal responses to the 
COVID-19 pandemic with a direct impact on the fiscal balance. Resource-based SWFs are associated with smaller 
fiscal response while for pension and holdings SWFs, the fiscal response is significantly larger. Our results suggest 
that resource-based (mainly oil) SWFs did not mount a larger response. The findings remain important for their policy 
implications suggesting a fresh look at the role or resource riches as well as at the targets that SWFs serve. 

Methods 
To address the research questions in our work we undertake a two step approach. First we discuss SWF 

investment allocation and actions in 2020-2021 as a response to the COVID-19 pandemic. Second we provide 
empirical evidence on the links between natural resources, SWFs, and policy responses to the COVID-19 pandemic. 
The model employed is given by: 
 
W� $	 $�WÄ�� $�¸�

� �� 
 
where W� is the policy response (fiscal stimulus or interest rate cut) of country 1, WÄ�� is SWF-related variable, ¸�

� is 
a vector of Ê control variables, and  �� is the error term. We consider the role of income and economic, development, 
fatality and early stringency, population density, access to borrowing, the fiscal positioning of the countries and 
resource availability.  For our econometric investigation we construct a novel dataset which includes economic 
responses to COVID-19 (fiscal and non-fiscal), infection, fatality, early stringency measures, population, 
government debt, fiscal balance, sovereign risk rating, resource abundance and fiscal tools (SWFs, fiscal rules). The 
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sample comprises of 217 countries. The coverage of the policy responses to COVID-19 spans over the period 2019-
2020. We use two different measures: fiscal and non-fiscal stimulus. We construct a dataset on SWFs which allows 
for SWF categorisation and examination by type (resource, holdings, pension), fund size (total value in USD or % of 
GDP), transparency, and governance (e.g., central bank/MOF or other setting). Resource abundance is also 
examined (e.g., oil rents versus other resource rents), as well as country classification: resource-rich versus resource 
poor.  

Results 
The review of SWFs investments in the pandemic shows that some of them are directly linked to the 

development of COVID-19 vaccines. The paper discusses Temasek Holdings injections into BioNTech and the 
COVID-19 vaccine development with Pfizer, the Russian Direct Investment Fund’s support to the development of 
Sputnik V and Abu Dhabi Investment Authority’s investment in Moderna. SWFs’ direct responses to the COVID-19 
pandemic included mainly government tapping to SWFs for spending and pandemic alleviation purposes. Examples 
discussed in the paper include Norway’s Government Pension Fund Global, The State Oil Fund of Azerbaijan, 
Chile’s Economic and Social Stabilization Fund and the Pension Reserve Fund, Ireland’s Strategic Investment Fund, 
the funds of Malaysia and Turkey among other examples. 
 

The econometric results show that fiscal stimulus is larger in high-income countries and in countries with 
higher debt-to-GDP ratio. Countries that imposed more stringent restrictions early in the COVID-19 outbreak record 
higher off-budget stimulus. With regards to resource-rich countries, fiscal response has been lower as compared to 
resource poor countries, especially with regards to the adoption of measures that have a direct impact on the fiscal 
balance. Oil exporters record lower fiscal and on budget fiscal response as compared to non-oil exporters. 
Regression results on resource-based SWFs show that fiscal response has been weaker in countries that operate 
SWFs. Findings remain similar under alternative measures of the size of the SWFs. Even within resource-rich 
countries, the presence of a SWF still generates a significantly weaker fiscal policy response. To capture the 
differentials that are related to the type of the resource-based SWF and the macro-economic policy objectives that 
they may serve, we experiment with the different types of resource-based SWFs (stabilisation, saving, financing) 
and we do not find any significant difference.Countries operating non-resource-based SWFs record stronger fiscal 
responses. With regards to monetary policy response, SWFs do not appear to correlate to  interest rate cuts and the 
findings hold across the different SWF categories.  
 

Conclusions 
The findings on resource-richness and hydrocarbon exporters provide support to the arguments that 

resource-rich countries, especially exporters of oil and gas, faced harsher adjustments and response choices to the 
COVID-19 pandemic, and this potentially limited their space for fiscal stimulus against the COVID-19 adverse 
effects. These may be related to the dual shock that resource/hydrocarbon exporters were faced with as opposed to 
countries not dependent on natural resources. Resource-rich countries, particularly oil exporters, had to address the 
dual shock induced by the pandemic and by the strong fall in resource export revenues. This has left resource-rich 
countries with little room to manoeuvre for the provision of fiscal stimulus. Results on non-resource SWFs link to 
the arguments that operating a SWF enables countries to have access to capital and accumulated assets that can be 
used in case of unforeseen shocks. This is particularly the case for countries operating pension or holding funds 
which manage assets to be invested in development projects or sit on accumulated cash that can offer short term 
liquidity and access to funding sources. The results provide a first indication on the relationship between SWFs, 
resource riches and policy responses to the COVID-19 pandemic. They also indicate the need to understand better 
the potential role of SWFs in supporting policy responses to unexpected shocks. The results also indicate the need to 
better understand the priorities that resource-based SWFs should serve in times of low resource prices and high 
uncertainty related to the climate crisis. Savings funds or oil funds not spending on the domestic economies may 
have been a good fit for times of high oil prices and many decades ahead of oil and gas consumption. This is an 
image that better illustrates developments of the past (e.g., the 2000s). In the prospect of peak oil demand theory 
being materialized, i.e. we should experience a peak in demand for oil anytime between 2020-2040, high oil prices 
should not be considered the norm in any future scenario (high prices as a result of geopolitical tensions like the 
recent Russia-Ukraine conflict should be considered short term deviations from the trend). In addition, climate 
crisis, if no timely action is taken to address it, is expected to lead to more extreme events (e.g., heatwaves, flooding, 
pandemics). In this vision of the future, oil exporters will need more resources to address domestic needs and 
unexpected socio-economic shocks rather than investment vehicles that can invest in long term assets outside the 
home country (as it has been the case for many oil funds to date). In this regard, oil-based SWFs may need to 
reconsider their mandates, and their ability to accumulate funds for internal and short time/notice use in the host 
countries. 
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Overview 
Understanding and management of systemic uncertainty and contagion has become a high priority for various market 
participants particularly after the global financial crisis of 2008 and the recent outbreak of COVID-19. An 
idiosyncratic uncertainty becomes ñsystemic�ðwhen there is a potential that the distress condition of one institution or 
a group of institutions can exert negative externality on the entire system or economy as a whole.  

Despite significant literature examining the systemic risk in financial and commodity markets, the nature and extent 
of systemic dependence and spillover among energy companies�ðstock prices has received considerably less attention. 
Previous literature primarily revolves around estimating the dependence dynamics between energy companies�ðstock 
prices with overall financial and commodity market indexes (Kocaarslan and Soytas, 2019). This is primarily 
attributed to conventional belief that energy companies do not pose a significant systemic risk to the entire energy 
system or for their peer companies (Zhu et al., 2020). We, however, argue that the idiosyncratic uncertainty or distress 
in large energy companies may significantly impact other energy companies or the sector due to counterparty 
relationship. Therefore, it is of significant importance to examine the systemic risk in the energy sector (Antonakakis 
et al., 2018). To this end, the aim of this paper is to analyse the risk spillover and network dependence across energy 
market participants to determine how they are affected by global economic conditions and financial uncertainty. 

Our paper contributes to different strands of the existing literature. First, we extend the previous literature by 
evaluating firm-level network connectedness and volatility spillover among the firms operating across the four main 
energy market sectors (oil & gas, oil & gas related equipment and services, multiline utilities, and renewable energy). 
Undertaking the heterogeneity of the firms operating across the four subsectors is important as the oil & gas producing 
companies are only a segment of the entire energy sector.  

We contend that aggregate analysis cannot capture heterogeneity in firm-level risk spillover and concentrating solely 
on the oil and gas producing companies provide only a partial overview of risk spillover in the aggregate energy sector. 
Furthermore, over the recent years, several oil & gas producers are increasingly diverting their investments to the 
clean energy and renewable sector (Mäkitie et al., 2019). Therefore, it is important to consider network connectedness 
and risk spillover dynamics by utilizing firms spanning across the four energy subsectors. Second, we utilize a novel 
approach to estimate network connectedness and risk spillover between the energy companies. More specifically, we 
combine the conditional variance-at-risk (CoVaR) approach by Adrian and Brunnermeier (2016) with the Tail-Event 
driven NETwork approach by Härdle et al. (2016) to provide a comprehensive overview of the systemic risk 
contributors in the energy sector. Finally, we have segregated the incoming and outgoing links to identify the 
companies and sub-sectors with positive and negative systemic risk contribution. 

Methods 
The goal of this paper is to evaluate the network connectedness and uncertainty spillover of 100 of the worlds' leading 
energy companies in four different sectors: oil and gas companies (OGC), oil and gas related equipment and services 
(OGS), multiline utilities (MLU), and renewable energy (REC) for the period 2006 to 2020 and determine how they 
are affected by global economic conditions and financial uncertainty. Consequently, our models explore non-linear 
and semi-parametric quantile-based risk events, by looking at the network-based specifications that allow for 
asymmetric contemporaneous and dynamic risk interconnectedness across major energy markets. 

We estimate the TENET among the underlying assets in three-steps. The first step comprises of estimation of VaR. 
Thus, we measure the Adrian and Brunnermeier (2016) conditional variance-at-risk (CoVaR) in a network setting. 
CoVaR is derived from Value-at-Risk (VaR) for a specific financial institution j conditional on another event in 
separate financial institutions i. ËÌ8�9� Ì;�9Í Î � � 1�A2� f � �� is the returns of financial institutions 1 and Ê, respectively. 
Then ÏÐÑÒ�98  can be described with the quantile distribution at the Ó-th quantile of returns of 1: 

��pÌ8�9 � ÏÐÑÒ�98 w � Ó� (1) 
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and with a CoVaR of j conditional on Ì8�9 at a quantile Ó c <0,1?Ais then 

��pÌ;�9 � HÔÏÐÑÒ�9
;Õ8 ÖÑ8�9w � Ó� (2) 

where Ñ8�9Ais the information set including the event Ì8�9 � ÏÐÑÒ�98  and Ø9�� that is a vector of relevant macroeconomic 
variables that depict the macro state of the economy. 

Whereas, in the second and third step, we estimate the network analysis and identify the key contributors and receivers 
of systemic risk. By utilizing the following equation, we estimate the total network connectedness among the top 
leading energy sectors. 

�HÙ � , , �Ú;Û�;�9;Ù9                                                                               (3) 

Results 
Our empirical results show that there is growing interconnectedness during the extreme periods, and a network-based 
measure reflecting the connectivity. Furthermore, we document the asymmetric connectedness among the firms in the 
energy sector. Specifically, the total energy sectors, in general, are highly sensitive to the global market conditions, 
and the risk tends to spillover across the firms in these sectors.  

In addition, we document that the firms operating in the same sub-sector are more prone to risk spillover. This is 
expected as the operations and services of the companies within each sub-sector are somewhat interconnected. 
Therefore, a key decision by a large organization may influence the operations and services of other key players within 
that sector. 

Moreover, we find that the firms operating in the oil & gas sub-sector are more sensitive to economic downturn as 
compared to other sub-sectors in our sample. This may be attributed to the increased reliance of the economic activities 
on the oil & gas sector. Fourth, the renewable energy sector is largely unaffected by the financial crisis and only show 
slightly higher risk incoming and outgoing risk than in normal market conditions. 

Conclusions 
Understanding the systemic uncertainty and contagion has become the central concern for various market participants, 
particularly after the global financial crisis and due to the outbreak of COVID-19. The latter has especially given rise 
to the necessity to understand the connectedness dynamics more comprehensively among the markets. More 
specifically, the measures to mitigate the spread of COVID-19 globally have significantly altered the demand and 
supply equilibrium in the energy sector. Therefore, in this paper, we evaluate the risk spillover and network 
connectedness across energy market participants to determine the role of global economic conditions and financial 
uncertainty on the energy sector. 

This study draws an important policy implication based on both the largest systemic risk receivers and the largest 
systemic risk emitters within the leading energy companies and sectoral groups as well. The findings of our analysis 
have important implications on diversification benefits and network risk management as well as policy implications 
for global sustainable energy markets. 
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Overview 

The Solow growth model predicts that developing countries should catch up to the rich. The premise of the Solow 
model is simple, given access to the same technology, developing countries with lower capital stock should have a 
higher marginal product of capital and grow faster as they accumulate capital. While the conditional convergence 
hypothesis has found robust support in the data, unconditional convergence – that is, the hypothesis that subsequent 
growth rates should be unconditionally negatively related to initial per capita incomes - did not manifest in the data. 
For decades the literature could not find empirical evidence that supports the existence of unconditional convergence 
and was only found in specific sectors (see Rodrik (2013) and AlKathiri (2022)). This all changed after recent studies 
using the most recent data demonstrated that since the mid-1990s, the world has entered a new era of unconditional 
convergence (see Kremer et al. (2021) and Patel et al. (2021)).  

This paper aims to contribute to the narrative of the observed unconditional convergence by assessing the role of 
energy. Specifically, did energy have a particular role to play in the observed unconditional convergence period? Our 
findings show that unconditional convergence in the last two decades is associated with higher growth of per-capita 
energy consumption of developing countries relative to rich ones, which was not the case in earlier periods. In addition, 
we exploit an extended production function specification that includes energy and show the different role of energy 
in impacting economic growth for countries of three income groups. The elasticity of GDP with respect to energy is 
higher in low-income countries relative to rich countries. 

Methods  

Let �°�����ÅÜ� be the growth rate of income per capita during the periods " and� " 
 Ü", and ) #A<����? be the natural 
logarithm of income per capita for country 1 at time ". Consider the following model:  

                              �°�����ÅÜ� � A� 
 A.ÝÔÞA<����? 
 ����A                                             (1) 
Suppose we estimate the coefficients and find . i D, we say there is unconditional convergence in income, as 
developing countries tend to grow faster than rich ones. This paper investigates the role of energy in deriving patterns 
of cross-country income growth. Therefore, we look at the evolution of growth in per-capita energy consumption and 
how it relates to the initial income level. Let +��� be the level of energy consumption per capita for a country and 
+²�����ÅÜ� be its annualized growth rate. We estimate the following regression to test for the contribution of energy to 
convergence during different periods:  
 

+²�����ÅÜ� � A� 
 A6ÝÔÞA<����? 
 ����A                                      (2) 

We say energy consumption contributes to cross-country income convergence if 6 i D. We also examine the energy 
consumption elasticity of income and whether it differs across income groups. Consider the following extended Cobb-
Douglas production function \ � �<�� ·� U? � MA�hßA·hàAUháA with output (\) and three factors of production: Labor 
(�), capital (·), and energy (U). By taking the log of both sides, one can get the following estimation equation: 

 
ÝÔÞ<\��? � A�� 
 .� ÝÔÞ<���? 
 . ÝÔÞ<·��? 
 .� ÝÔÞ<U��? 
A���                                 (3) 
 

Where the slope coefficients .s are elasticities of output with respect to each factor of production. 

Results 
Our analysis covers the period from 1980-2019 for 103 countries. We focus our convergence analysis on two periods, 
1980-2000 and 2000-2019. Our results reconfirm the findings of recent studies that poorer countries tend to grow 
faster than rich countries for the 2000-2019 period, which was absent in the period before. During the pre-convergence 
period (1980-2000), average per-capita energy consumption growth tended to be similar for both developing and 
developed countries. On the other hand, the period of 2000-2019 is associated with faster per-capita energy 
consumption in developing countries relative to developed countries.   

                                                                   

Economic Growth and Convergence: Implications of Energy Transition Pathways  
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 Abdulelah Darandary, KAPSARC, +966501912777, Abdulelah.Darandary@kapsarc.org  

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



343

 
Figure 1: Scatter plots of 1) growth of income per capita on initial income (left) 2) growth of energy consumption per capita on initial income 

(right) 
  

We also estimate the energy consumption elasticity of income. Table 1 shows the elasticities estimates for the total 
sample and income groups. On average, a 10 percent increase in energy consumption is associated with a 1.7 percent 
increase in GDP. Estimates by income group show that low-income countries have a higher elasticity than middle- 
and high-income countries.   
 
       Table 1: Regressions of GDP per capita on energy consumption per capita  

      (1)   (2)   (3)   (4) 
 All Countries    Low Income    Middle Income    High Income 

Energy (E)  0.17*** 0.26*** 0.08*** 0.03 
Capital stock (K) 0.49*** 0.35*** 0.55*** 0.62*** 
Labor (L) 0.34*** 0.42*** 0.33*** 0.68*** 
Constant 3.61*** 4.45*** 3.27*** 1.98*** 
Obs. 4101 1031 2040 1030 
R-squared  0.86 0.82 0.89 0.91 
 
Note: All variables are in natural logarithms. The dependent variable is GDP (Y).   
Standard errors are in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Conclusions 

This paper emphasizes that the unconditional convergence observed in the last two decades is associated with higher 
growth of per-capita energy consumption of developing countries relative to rich ones. We also estimate the energy 
consumption elasticity of income and show that low-income countries have a higher elasticity than middle- and high-
income countries. These findings demonstrate that energy access is imperative for developing countries to enable them 
to catch up to developed countries. The onset of COVID19 has accelerated the global climate agenda, and countries 
are speeding up the energy transition. However, transition efforts remain challenging due to constraints, lack of 
collective action, and coordination. As a result, consequences such as volatile energy prices and materials bottlenecks 
have ensued. If these trends continue, lower energy access will impede economic growth rates for many developing 
economies, which would undo decades of catching up and weaken policy action. It is critical to identify flexible 
options to transition without undermining the energy needs of low-income countries to grow their economies. The 
Circular Carbon Economy framework enables inclusive and smooth energy transition pathways to a sustainable and 
low carbon future, benefiting both developing and developed countries. 

References 
AlKathiri, N. (2021). Labour productivity growth and convergence in manufacturing: A nonparametric production 

frontier approach. Applied Economics, 54(4), 1–24. 
Kremer, M., Willis, J., & You, Y. (2021). Converging to convergence (No. w29484). National Bureau of Economic 

Research. 
Patel, D., Sandefur, J., & Subramanian, A. (2021). The new era of unconditional convergence. Journal of Development 

Economics, 152, 102687. 
Rodrik, D. (2013). Unconditional convergence in manufacturing. The Quarterly Journal of Economics, 128(1), 165–

204. 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



344

   
 

Overview 
 

Macro-exogenous shocks that adversely affect human capital accumulation may have a lasting impact because 
investment in human capital takes place at critical stages and cannot be postponed. Economies that rely heavily on 
income from exacting natural resources are subject to  the high volatility that characterizes the natural resources 
market and are thus subject to negative and frequent macro shocks. Accordingly, investments in human capital in 
such countries may be adversely  affected. In this study, we show how in Saudi Arabia, a country that relies heavily 
on crude oil exports, negative shocks in crude oil prices can impact households’ decisions to invest in education. 
There are approximately 14 percent of Saudi students in the country who attend private schools that charge fees to 
provide educational services. While 14 percent might sound low, the pace  of growth in the number of Saudi 
students attending private schools, especially international schools, is very strong, much stronger than that of public 
schools. The paper investigate how the growth in private schools enrolment is affected by the oil down cycle of mid 
2014. 

Methods 
 

We use the oil down cycle that started in the second half of 2014 to empirically study its impact on the choice of 
public vs private school by Saudi patents who lives in Saudi Arabia, a country that relies much on oil revenues.  
Public schools in Saudi Arabia are tuition-free schools while private schools charges tuition fees. Private schools can 
be national private schools, which teach national curricula or international schools, which teach international 
curricula and tend to charge relatively higher fees. We collect data on K-12 school enrolment in all three school 
types across all the Ministry of Education’s offices in Saudi Arabia from 2013-2021. We then run series of 
regressions to study the impact of the oil down cycle on the dynamic of enrolment. We use the data to examine first 
what explain the choice of private vs public schools and then we investigate the impact of the oil down cycle on the 
number of Saudi students in both types of private schools.   

Results 
 

we find that the oil-down cycle that started in the second half of 2014 compelled parents to abstain from 
sending their children to and, in some cases, de-enroll their children from tuition-based private schools, which are 
perceived to provide better quality education. Parents enrolled the children in free public schools. The impact of the 
shock on private school enrolment differs according to the type of school. In national private schools that teach 
national curricula, the growth rate of Saudi students dropped from 6 percent during the period before the shock to 
reach -3.8 percent in the academic year of 2018. Whereas, in international private schools that teach international 
curricula and tend to charge higher fees, the growth rate dropped from 40 percent before the shock to 23.8 percent in 
the academic year of 2017.  We also find that the pace of rebound in national private schools, once the oil prices 
start to rebound, varies significantly across cities, sex, and educational levels, indicating a heterogeneous impact of 
the shock. 

Conclusions 
 

The propagation of oil market volatility to the choice of schools by parents the pursuit of better quality 
education have important implications for both parents and policymakers. Parents may find it very hard to maintain 
the quality of education under the uncertainty of the income they earn, which may have a permanent impact on the 
human capital accumulation of their children. The government, with lower level of oil revenues in down cycles, may 
find itself under greater pressure to allocate more resources to education to accommodate extra students who might 
switch from private to public schools, affecting the quality of education. Although this study focuses on the adverse 
impact of oil shocks on education, other government services, particularly health services, are also expected to be 
impacted by oil shocks in a similar fashion. This emphasizes the importance of shielding the economy from the 
volatility of the oil market. 
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Highlights  
ò��������s and models of Global Smart Systems were reviewed.  
ò�Concept of Intelligent Buildings (IB) was expanded to structures, �\�����\��Ä��Ä��\�����������������Ü�����Ý� 
ò�Definitions of Intelligent Structures (IS) and Smart Structures (SS) are given in light of emerging realities.  
ò�
�F����}�\��������}���������\�����Ä���������F���\������������������ 
ò��Ä�������� and Sustainability Effects of all aspects of its Socioeconomic and Environmental impacts determined.  
ò����\������������\����full nexus integration in Nigeria were investigated and solutions provided.  
ò�6�����s and (Policy Plans) recommendations for various stakeholders are put forward. 
 

Overview 
This study aims to contribute to the growing body of specialized knowledge focusing on the strategic adaption 

of innovative, affordable, and sustainable technology, systems thinking, and practices as well as linkage tactics in 
particular, aimed at achieving sustainable development goals through the harmonization of both Gas expansion 
policy to stimulate economic development and the smart towns urbanization nexus, in relation to the newly adopted 
Energy Transition Plan (ETP) given the daunting socioeconomic challenges in Nigeria.  

 

Methods 
In investigating whether this linkage is practical and sustainable, we adopted and adapted the Triple Helix 

System analytical framework which is an analytical construct that synthesizes the key features of the National Gas 
Expansion Strategy (Government) – Industry – Smart Town Urbanisation (Triple Helix) interactions into an 
ñ����}������ \È\���ð� ������"� �������� ���������� ��� Systems Theory as a set of components, relationships, and 
functions. Of the Triple Helix systems components, we made a distinction between (a) R&D and non-R&D 
����}����\�� ���� ñ\�����-\�����ð� ���� ñ�Ä���-\�����ð� ��È������ ��\���Ä����\�� ���� ���� ����}��Ä��� ���� ��\���Ä�������
innovators.  

 

Results 
The relationships between components are synthesized into five main types: Technology Transfer; 

Collaboration and Conflict Moderation; Collaborative Leadership; Substitution; and Networking. The overall 
function of Triple Helix systems - knowledge and innovation generation, diffusion, and use – is realized through a 
set of activities in the knowledge, innovation, and consensus spaces. We recommended the application of an 
integrated energy management system (EMS) based on IoT technology to all critical structures. results show that 
according to the three characteristics of the G�����������	����\��G�	��ññ���\��"�G�������"�G����������ðð"����������������
data connection between IS EMS and IoT is solved.  

6�� ���� ���� ��� �Ä�� �Ï��Ä\��}�� �����\\"� ���� \�Ä�È� �����\�\� ��� ÜG����������9�������GÝ� ����� ���}���\� ����������
suggestions on actualizing the harmonization of the series of policy initiatives, the core strategies for 
implementation, the various enabling factors and core challenges to be addressed in the proposed blueprint.  

                                                                   

DEPLOYING NATIONAL GAS EXPANSION STRATEGY AND THE SMART TOWNS 
URBANIZATION NEXUS TO STIMULATE SUSTAINABLE ECONOMIC 
DEVELOPMENT 
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Conclusions 
This integrated framework is intended as a step-wise design instrument for policymakers and practitioners not 

only in Nigeria but throughout SSA due to its wide applicability.  
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Overview 
On 12 December 2015, COP21 was implemented, where 196 parties came together with one goal in mind – to limit 
global warming. As COP21 states, one way to limit global warming is to reach a global peak of greenhouse gas 
emissions as soon as possible (Unfccc, 2015). A large contributor to greenhouse gas emissions is CO2 emissions. To 
reduce CO2 emissions, most countries focus on decreasing emissions in the energy sector – particularly in the 
electricity and heat sectors which contributed  43% of total CO2 emissions in 2019 (Data Explorer | Climate Watch, 
2022; Ritchie & Roser, 2020). A challenge most of these counties experience is reducing CO2 emissions while 
sustaining economic growth, a possible solution to this challenge might be to account for the effect of institutional 
quality. This study examines potential pairwise relationships between economic growth and CO2 emissions while 
considering institutional quality. 

Methods 
The study uses a panel dataset consisting of 106 countries for the time period 2003 to 2018. As per the World Bank 
divisions, the 106 countries were divided into four income groups – low-income, lower-middle-income, upper-
middle-income and high-income countries. A traditional panel VAR model is used, that will treat the variables 
within the system as endogenous (Antonakakis et al., 2017). Within this PVAR model, the Generalized Method of 
Moments (GMM) is used (Abrigo & Love, 2016). The PVAR model is specified in Equation 1. 

\�� � M�\���� 
 M\��� 
¶
 Mg\���g 
 R��� 
 ¦� 
 ���      (1) 

Where Yit is a (1xk) vector of the dependent variables while  Xit  represents a vector of (1xl) vector of exogenous 
covariates. The dependent variable-specific panels' fixed-effects and idiosyncratic errors are represented by �I and  
�it respectively(Abrigo & Love, 2016). After estimating the PVAR models the Granger-causality is then estimated 
respectively to indicate if causal relationships between CO2 emissions, GDP and institutional quality exist. 

To test granger causality the following three equations will be used. For Equation 2 the study will test if GDP, the 
two institutional proxies and the institutional index Granger cause CO2 emissions. 

���+*1!!1 2!�� � �� 
 , 6�â���+*1!!1 2!����âã
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 , ä�â�V�����â 
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 ����ã
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 (2) 

Likewise, to Equation 2, CO2 emissions and two institutional proxies along with the institutional index will now be 
used to see if they Granger cause GDP respectively. 

�V��� � �� 
 , 6�â�V�����âã
â�� 
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 (3) 

For the last Granger causality test, we will test whether GDP and CO2 emissions granger cause the two institutional 
proxies and the institutional index respectively.  

�2!"1"&"1 2!�� � �� 
 , 6�â�2!"1"&"1 2!����âã
â�� 
 , ä�â�V�����â 
 , .�â���+*1!!1 2!����âA 
 ����ã

â�	
ã
â�	   

 (4) 

 

Results 
Rostow's (1959) framework of the five stages of economic growth assists in describing the study’s results. Low-
income countries can often be classified in one of the following two stages – the traditional societies and the 
preconditions for the take-off. These countries are generally agricultural-prone countries where the societies do not 
necessarily have a scientific and technological perspective or are starting to develope within the preconditions for 
take-off stage. These countries have also started to commercialize their agricultural sector and have just started their 
manufacturing sector (Rostow, 1959). For these countries, the results indicated no causal relationships were found 
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between economic growth, CO2 emissions and institutions. Countries that are in the third stage -the take-off stage 
usually will experience some short-term significant growth while industrialisation starts to occur and institutions 
start to take effect. The study’s results indicate that for the third stage lower middle-income countries experience 
bidirectional causation between CO2 emissions and majority of institutional factors, further it was also found that 
economic growth granger cause institutional factors. Rostow's (1959) fourth stage of growth -The drive to mature 
stage can be linked to the study’s upper middle-income country’s group. While this stage is known to occur over a 
long time, it is also known as a period where social welfare increases, technological advancement occurs and 
industrialization advances. The results resemble the description of Rostow’s (1959) fourth stage as causation was 
found between CO2 emissions, institutional factors, and economic growth. The study found that high-income 
countries can be linked to Rostow's (1959) fifth stage – High mass consumption. These countries experience high 
levels of consumption and production but are also moving to service-orientated countries, therefore, the study’s 
results are in line and imply economic growth granger causes CO2 emissions. 

Conclusions 
With the rising threat of climate change, countries from all over the world came together during COP21 to take 
measures in combating climate change. One of their goals is to decrease greenhouse gas emissions. With the latter in 
mind, these countries look at their energy sectors, more specifically the electricity and heat sector as this sector 
contributes the largest portion of CO2 emissions which in turn contributes to greenhouse gas emissions.  Institutions 
may be the solution for countries who struggle to decrease emissions while sustaining economic growth. This study 
examines if pairwise causal relationships exist between CO2 emissions and economic growth while considering 
institutional quality. 
The overall results indicate that as developmental changes in the economies start to occur, causal relationships start 
to form. While no causal relationship was found for the low-income countries it is explained due to the countries 
being agricultural-prone economies as well as lack of scientific and technological perspectives (Rostow, 1959).  
Causal relationships were found for the two middle-income and high-income country groups as these countries have 
started to develop their economies to more industrial-prone economies where institutions start to play a role and 
economic growth is occurring along with increased energy demands. 
The difficulty most countries experience as mentioned by Stewart (2015), is that "the social, economic and 
environmental goals are not integrated" within countries policy frameworks which can be problematic. This study 
aims to assist policymakers on when to account for the integration of CO2 emissions, economic growth, and 
institutional quality within their policy framework.  
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11.5. Energy and the Economy � Other 

Overview 
Acquiring a home is arguably the largest decision made by ordinary households, and represents the largest share of 
their lifetime income. It is, therefore, essential for researchers and policymakers to determine the factors that affect 
the choices of homebuyers. Evidence in the energy economics literature shows that homebuyers are attentive to energy 
costs, just like other characteristics of the property. Home prices, for instance, are affected by the type of fuel or 
heating systems installed in the house and fluctuations in energy prices (Myers 2019). In countries where energy is 
immensely subsidized, how do homebuyer preferences change due to changes in residential electricity tariffs?   
 
The objective of this research is to answer two main questions to understand how homebuyers respond to an increase 
in electricity prices: (1) Do homebuyers prefer smaller housing units when energy prices increase? and (2) how does 
the response vary across income groups? We investigate the two questions in the context of Saudi Arabia, where the 
once heavily subsidized energy prices have gradually increased since 2016 in a governmental effort to rationalize 
consumption and fiscal spending. 
 
Holding everything else constant, we find that homebuyers prefer larger houses when energy prices are low and prefer 
smaller housing units when energy prices increase. The response of homebuyers to energy prices, however, is not 
equal across different income groups. We find evidence that the response of lower- and middle-income groups is 
significantly larger than that of high-income groups when energy prices increase.  
 
While the impact of tariff changes on electricity demand and the environmental impacts in Saudi Arabia have been 
modeled in recent studies (Aldubyan and Gasim, 2021; Matar, 2018), we are unaware of economic research studies 
that study the effect of the electricity tariff change directly on the prices of residential property. The effect of energy 
costs on home buying decisions, however, has been studied in other contexts. Myers (2019) studies whether 
homebuyers are responsive to variations in energy prices by comparing oil-heated homes and gas-heated homes in the 
US and finds that homebuyers are attentive to energy costs. Chegut, Eichholtz, and Holtermans (2016) find that energy 
efficient homes have a premium over less efficient homes in the Netherlands. Pride, Little, and Mueller-Stoffels (2018) 
find that energy efficient homes sell for a premium in Alaska, US, compared to less efficient homes.  
 
Our study contributes to the strand of literature that studies the effect of energy prices on consumer behavior, as well 
as the literature that addresses the challenges of subsidies reform, especially in Middle Eastern countries (Rodriguez 
and Flores, 2015; Verme, 2017). We also contribute to the literature on the distributional impacts (with respect to 
income levels) of energy subsidies. See for example (Giuliano, 2020; Guenette, 2020; Ilyas, et al., 2022; Metcalf, 
2019). Our findings also contribute to the to the real estate and urban economics literature that focuses on the impacts 
of energy expenses on the market for residential properties (Aydin et al., 2020; Brewer, 2022). 

Methods 
We obtain a rich panel dataset of properties sold between 2011 and 2022 in the Kingdom of Saudi Arabia, made 
available by the Ministry of Justice (MoJ). We observe the date of transaction, value of transaction, type of property, 
detailed location, and size of the property measured by its land area. Being able to track the same property over time, 
we exploit the exogenous nature of the price change to study the effect of Jan-2016 electricity tariff change on the 
prices of residential property (houses, apartments, and land). 

We use OLS regression models with various level of time, location, and property fixed effects to identify the impact 
of the subsidy change on the price per square meter of properties in different size groups (small properties, medium 
properties, and large properties). The identifying assumption is that the price change is exogenous and uncorrelated 
with unobserved time-variant and time-invariant variables of the property. We also construct a proxy measure for 
income at the neighborhood level in the country using the price per square meter of land in the neighborhood in each 
year. We then use this measure to construct 3 groups of income levels (low-income, middle-income, and high-income) 
based on the terciles of this measure in each city in each year. The measure is interacted with size to estimate the 
response of each income group. 
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Results 
Our results do suggest that the increase in electricity prices caused the price per square meters to decrease 
proportionally more in larger properties than in smaller properties. This finding indicates that homebuyers are attentive 
to energy costs, as larger properties are corelated with larger energy bills. The results are robust to different 
specifications of the fixed effects and to a placebo test in which we use a false intervention period. Using our measure 
of income, we also find that low-income groups are more significantly affected by the price change as opposed to the 
middle-income group and high-income groups. This suggests that the price change is regressive. 
 

Conclusions 
Energy policy requires understanding of how consumers respond to changes in energy prices. This study investigates 
how residential consumers respond to electricity tariff changes. We study this effect using a large dataset of housing 
market transactions in Saudi Arabia. The detailed transactions allow us to construct a panel data in which we track 
properties within the same neighbourhood. We find evidence that the choices of homebuyers were influenced by the 
electricity tariff change that took place in 2016. The price per square meter in smaller housing increased proportionally 
more than the price per square meter in larger units. We also find evidence that low-income homebuyers are more 
responsive to the price change. These results are relevant to policy makers with regards to the design of subsidies 
reform policy.  
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Overview 
 
The circular economy CE plays a pivotal role in global sustainable economic systems. Depending on linear production 
is not feasible nowadays, given the limited resources available and the rapid economic growth (Suárez-Eiroa et al., 
2019). Production and consumption materials need to be recycled to improve the efficiency of using scarce natural 
resources. As such, current developments in the CE are addressing the heightened need for transforming linear 
economies into circular ones (Corona et al., 2019, Hysa et al., 2020). The CE concentrates on the optimal use of 
resources in order to achieve sustainable development,��which in turn contributes to environmental, economic and 
social goals �#�����õ"���{"�,�����Ä��-Anton et al., 2019). Therefore, it is important to analyse the contribution of 
the CE in enhancing sustainable economic growth in different countries (Tantau et al., 2018, Corona et al., 2019, Busu 
and Trica, 2019).  
There is a growing need�to convert to CE especially in developing countries, as CE strategy helps these countries to 
be more sustainable in using their limited resources. Therefore, a new type of economic growth is proposed focusing 
on reducing, reusing and recycling production and consumption materials (Ngan et al., 2019). Adopting this 
conversion contribute to sustainability by improving environmental and economical performance without spending 
more costs on new resource or waste management (Tantau et al., 2018, Busu, 2019). The successful transition to CE 
is more important to developing countries, as it solves the waste and resource issues; thus, saving the future generation 
from incurring environmental and economic costs. 
Although the CE plays a role in achieving economic sustainability, few studies have explored the effect of transitioning 
to a CE in developing countries. Therefore, it is essential to examine the effect of circular economic factors on 
economic growth. To address this research gap, this study attempts to analyse selected indicators of the CE in the Gulf 
Cooperation Council (GCC) countries by focusing on the environmental, social and economic components. The aim 
of this paper is to analyse and elaborate on the impact of the CE on the economic growth of GCC countries. Moreover, 
the paper attempts to examine the interrelation of economic, social and environmental factors and sustainability in the 
GCC economies.  
The main question of this paper is how CE factors contribute to fostering economic growth in the GCC countries. 
Furthermore, determine which CE indicators affect economic growth positively. The study contributes to the literature 
by estimating the link between circular economy indicators and economic growth, which has not been done previously 
in developing countries. The study can also help in improving our knowledge of the emerging different empirical 
literature on CE transforming towards enhancing environmental and economic development. 

Methods 
 
The sustainability of a CE is determined by the dependency of the main CE factors on GCC economic growth; this 
dependency is estimated using a regression model of�economic growth, as a dependent variable, based on different 
explanatory variables such as CO2 emissions, unemployment rate, electric power consumption, labour productivity, 
and renewable energy consumption. These independent variables are included in the model, based on the effects of 
each variable in previous literature (Trica et al., 2019). To fulfill the purposes of this paper, statistical hypotheses are 
validated by a multiple regression model using the statistical STATA software (StataCorp, 2015).  The paper 
conducted a panel data for 6 GCC countries (Saudi Arabia, United Arab Emirates, Bahrain, Oman, Kuwait, and Qatar) 
to identify the effects of the CE indicators on economic growth. The data used in the regression model are collected 
from the World Bank database and correspond to the 2000– to 2020 time frame. The model is estimated first by the 
Ordinary Least Squares, followed by the Fixed and Random-Effects model which considers the panel effects of the 
dataset. 
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Results 
Investigating the CE indicators based on the results of our economic model contribute to the empirical literature on 
CE transition in GCC  countries. The indicators' statistical analysis reveals that the data has a normal distribution. To 
decide whether to adopt a fixed or random effect model, a Hausman test is performed. The test's findings demonstrated 
that fixed effect models were the most suitable ones for our situation. According to the estimation's findings, CO2 
significantly and favorably influences the GCC nations' per-capita economic growth at the 0.01 level of significance. 
The f-statistics were found to be significant, confirming the model's overall significance. We underline that 82% of 
the variability of the dependent variables is explained by explanatory variables due to the R2 value of 0.82. The 
explanatory factors were tested for multicollinearity using Pearson correlation analysis. Since the correlation 
coefficient between the independent variables is less than 0.5, multicollinearity between the variables cannot be 
inferred. 

Conclusions 

This aim of the present study is to explore the relationship between the CE and economic growth in the GCC countries 
by using the multi-regression model. The study has been one of the first attempts to thoroughly examine economic, 
social and environmental influences on GCC economic growth. It  highlighted the importance of  the transition to CE 
in developing countries, and that the relationship can be observed in different variables which affect the economic 
growth. Based on the results of the multi regression analysis, the most obvious finding to emerge is that CO2 
significantly affects the  GCC countries per-capita economic growth. Further research could be carried out to measure 
the impact of these expantory variables on the sectoral level on GCC economies. A considerable policy implication 
of this study, is to maintain CO2 as a driver for fostering the economic growth of the GCC countries.  
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Overview 
The energy market tumult brought on by Russia-Ukraine conflict has transmitted all the way to Australia’s east 

coast, with meteoric price rises for both natural gas and electricity. But on the west coast of Australia, energy prices 
have remained relatively stable. This contrasting experience is largely due to divergent energy policies telling a tale 
of two Australia’s. 

As of 2021, Australia was the seventh largest global producer of natural gas, with almost three-quarters of its 
production exported via LNG. Expanding volumes of gas exports were enough for Australia to surpass Qatar as the 
largest global LNG exporter in 2021 (none of Australia’s natural gas is traded via pipeline due to the tyranny of 
distance). 

Almost two-thirds of Australia’s natural gas production is from Western Australia. Exports are the driving force 
for Western Australian natural gas production, though to receive approval, natural gas export projects are required to 
make approximately 15% of their production available for domestic consumers. This certainty of supply delivers 
western consumers a dependable stream of natural gas that is little influenced by international market developments. 

On the east coast, where most Australians live, domestic supply certainty is not so assured. 

Rapidly expanding appetites for natural gas in Asia spurred development of LNG exporting facilities out of 
Gladstone, Queensland in the early-2010s. Gorgon LNG (GLNG), Asia Pacific LNG (APLNG), and Queensland 
Curtis LNG (QCLNG) committed to building two LNG trains each, with their supply dependent on the development 
of unconventional coal seam gas out of Queensland’s Surat and Bowen basins. 

A quarter of a century after the first LNG cargo was shipped from Western Australia, the first east coast LNG 
cargo was shipped in late 2014. Before the development of this export capacity, east coast consumption of natural 
gas mostly flowed from conventional gas sources from southern Australia, with wholesale prices averaging AUD 4 
per GJ (Figure 1). 

Figure 1: Australian east coast short-term trading market for natural gas (AUD per GJ) 

 

Source: AEMO (2022) 

At the same time as the east coast LNG exporters began to ship their cargoes to Asia, production from 
conventional sources in the southern regions of Australia began to decline, which led to a tightening in the domestic 
market for natural gas.  
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Part of this tightening was due to multiple state-based moratoriums on natural gas exploration in the southern 
states of Australia. The tightness was exacerbated because there was no requirement for the east coast LNG 
exporters to cordon off a portion of their production for domestic consumers, as is the case on the west coast.  

To add to the woes of the east coast market, production from the Surat and Bowen basins has been less 
productive than anticipated. This has meant that the LNG exporters have consistently had less gas available for 
liquefaction than they had planned on.  

Low production from these basins has meant that the LNG exporters have become the marginal buyer of 
conventional supplies of gas from the domestic market, linking domestic east coast natural gas prices to prices in 
Asia. Wholesale domestic natural gas prices began to spike in 2016 due to this relationship, with average spot prices 
more than doubling from their historic levels (Figure 1).  

The Australian Domestic Gas Security Mechanism (ADGSM) was instituted as an initial response to the gas 
price spikes, though the mechanism does not provide the same amount of supply certainty as the domestic 
reservation requirement on the west coast. The Federal government also instituted a Heads of Agreement with the 
east coast LNG exporters to attempt to ensure domestic supply is prioritised ahead of international buyers, based on 
certain considerations.  

But in the face of extreme supply disruptions, such as those brought on by the Russia-Ukraine conflict, both 
policy measures have proven ineffective in shielding east coast businesses and consumers who rely on natural gas. 
Natural gas prices have been spiking to unprecedented levels, with wholesale spot prices increasing to more than 
AUD 40 per GJ at the beginning of the southern hemisphere winter (Figure 1). Electricity prices have also moved 
parabolic given that natural gas generation is often the marginal supplier of electricity during periods of peak 
demand.  

In contrast, Australia’s domestic west coast market has been largely unaffected for 2022, with the domestic 
reservation policy more robust than the measures implemented on the east, in terms of shielding domestic consumers 
from supply shocks (and associated price spikes). This shielding comes at the expense of international consumers, 
with less available international supply, and diminished revenue for the exporters.  

Methods 
This paper will investigate policy settings for the separate natural gas markets on both sides of the Australian 

continent, and how this impacts natural gas prices and surety of supply for domestic consumers. The policy 
implications for global supply will also be explored. 

Results 
This investigation is ongoing and dependent on additional research. 

Conclusions (preliminary) 
East coast demand for natural gas has already been waning in recent years due to higher uncertainty of supply, 

and higher prices. Incentivising an appropriate amount of additional supply is a challenge in the context of falling 
demand and made even more challenging with various exploration moratoria still in place. 

East coast Australia consumers are currently subject to the same economic pain that European consumers are 
facing. Federal government intervention to negotiate a better deal on consumers’ behalf, at the expense of the LNG 
exporters, is perhaps justifiable. But such an intervention will raise Australia’s sovereign risk.  

Potential courses of action could be to impose a ‘war tax’ on the LNG exporters, on the justification that 
investors should not necessarily benefit from the human misery of war. For example, the UK instituted a 25% 
windfall tax on oil and gas producers in response to the Russian invasion, with the proceeds intended to partially 
ease the large increases in household and business energy bills. Alternatively, some sort of domestic reservation 
policy could be beneficial on the east coast. But the LNG exporters in the east will push back against such a policy 
to protect their profits. 
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IAEE Specialization Code 11.4: energy and the economy – energy shocks and business cycles 

 

Overview 
Renewables are a viable risk-reduction strategy, analogous to long-term contracts, diversification or import 

substitution for energy importing countries and regions. Can they serve a similar role in risk reduction as part of the 
production portfolio for energy exporting countries and regions? 

The sources of risk that importers face are chiefly price stability, but also supply stability. Renewable 
output does not follow the same cyclical pattern as global fossil fuel prices, allowing a system-wide reduction in risk 
(to GDP or welfare) as renewables displace oil/gas/coal in electricity generation and/or transportation. 
Importers seek to minimize the potential GDP or welfare losses of high energy prices and/or energy supply 
shortfalls.  This is the source of downside risk. Exporters seek to minimize the potential GDP or welfare losses of 
low energy prices and/or export supply constraints.  Exporters also seek to minimize the potential GDP or welfare 
losses of global policy shocks. Of critical importance: major energy exporters save windfall gains and draw down 
savings when revenues are low – this is the primary risk reduction strategy already employed, allowing a relatively 
smooth government expenditure trajectory. 

The proper metric to use to evaluate risk reduction is the variability of return on a capital investment.  
Renewables are extremely capital intensive, but what renewable output displaces is not just “fuel” for an exporter 
but the capital investment needed to maintain/create the capacity to produce said fuel. The key questions are: how 
much oil capital is displaced by a $1 billion investment in solar & wind? How variable is the return to oil capital – 
given a variety of different potential oil market scenarios? How variable is the return to renewable generation capital 
and how correlated is the variability with that of oil capital? In this study, the return to the capital investments – as 
these are large scale investments to be undertaken by or incentivized by national governments – is welfare per $ as 
opposed to profit. 

Methods 

We employ a global multi-regional computable general equilibrium model with a social accounting matrix 
derived from the EORA MRIO, with several aggregate regions including the EU and the GCC.  A baseline model 
and two counterfactuals in which the GCC region sees an exogenous increase of $1 billion in renewable electricity 
generation capital and an offsetting reduction (representing disinvestment) in fossil fuel electricity generation capital 
and associated extraction capital.  In first counterfactual, the reduction in fossil fuel generation and extraction capital 
is equal to exactly $1 billion. In the second counterfactual, the reduction in fossil fuel generation and extraction 
capital is sufficient to exactly offset the additional renewable electricity generated. The baseline and counterfactual 
models are then shocked by 10%, 20% and 30% increases and 10%, 20% and 30% decreases in global oil and gas 
demand. Model results obtained include the impact of shocks on employment, welfare and public finances as well as 
a comparison of the elasticity of these variables with respect to global oil and gas demand between the baseline and 
counterfactual models. 

Results 

While in both models, employment, welfare and public finances respond strongly to shocks to global oil and gas 
demand this responsiveness is somewhat lessened by the addition to the model of a sovereign wealth fund holding 
assets abroad. Fossil fuels allocation between domestic and export markets varies with market conditions in both the 
baseline and the counterfactual models. However, the counterfactual model has a substantially lower share of fossil 
fuels in domestic electricity generation in the GCC region and as a result more limited scope for reallocating energy 
to the domestic market when global demand is low and to the export market when global demand is high.  As a result, 
domestic electricity prices (assuming competitive market clearing equilibrium prices) fall more with low global oil 
and gas demand and rise more with high global oil and gas demand in the baseline model than in the counterfactual 
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model. Although electricity prices are more stable in the counterfactual model, since they are counter-cyclical in the 
baseline model this stability does not contribute to a strategy to reduce economic variability or risk associated with 
energy investments. Welfare, employment and tax revenue are found to be slightly less responsive to shocks to global 
oil and gas demand in the baseline model – without additional investment in renewable electricity generation – than 
in the counterfactual model.  However, the counterfactual models represent a modest overall economic stimulus due 
to the lower overall levelized cost of electricity generation from renewable sources and result in larger contributions 
to sovereign wealth funds when global oil and gas demand are high than in the baseline model.  There is less drawdown 
of oil and gas reserves overall in the counterfactual models than in the baseline model 

Conclusions 
While we do not state that investment in domestic renewable electricity generation capacity is unwise for energy 
exporters such as the countries of the GCC, this simulation-based analysis does not find evidence that it reduces the 
economic uncertainty resulting from fluctuations in global oil and gas demand.  Within the assumptions of the model, 
justification for investment in renewables is found in the overall economic stimulus effect while any reduction in risk 
or uncertainty occurs only via the channel of the sovereign wealth fund. Certain limitations of the model and study 
include the assumption of perfect competition in both domestic electricity markets and the global oil and gas markets.  
Accurate representation of the geopolitical aspects of oil supply decisions is difficult if not impossible and possibly 
relevant for estimation of the impacts of the shocks within these models.  The model is also unable to properly capture 
the role of oil and gas reserves in supply responses. 
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Overview 
This paper aims to assess the economic effects of increasing renewable energy share in Egypt's electricity generation 
by using the Computable General Equilibrium (CGE) modelling. Using the CGE model, we have studied the impact 
of expanding the use of renewable energy in electricity generation on a number of economic variables (sectoral output, 
commodity prices, welfare, factor market, trade, macroeconomic variables, and GDP). We used a single country, 
multi-sector static CGE model to test the macroeconomic and sectoral impacts of three policy instruments that support 
renewable energy deployment under three scenarios that simulate renewable energy targets. 
We simulate renewable energy targets in three scenarios that assume that the share of renewable energy in electricity 
generation is 20%, 42%, 53%, respectively, in addition to the base scenario, which assumes that the share of renewable 
energy in electricity generation will remain 10% as it was in the base year in the absence of renewable energy policies. 
In order to support the deployment of renewable energy, we assume that the increase is achieved through three policy 
instruments. These policies are:  1) introducing tax incentive policy by imposing a tax exemption for electricity 
generated from renewable energy, 2) introducing Renewable energy subsidy (RES), and 3) introducing the Renewable 
Portfolio Standard (RPS) policy by assuming that it is financed by increasing the price of electricity generated by 
fossil fuels. 
The simulation shows that an increase in the share of renewable energy in electricity generation results in an increase 
in GDP under all policies in all scenarios, except under the tax incentive policy when the share of renewable energy 
in electricity generation reaches 20%. Although the RPS policy reduces household consumption, the subsidy and tax 
incentive policies increase household consumption. The study concludes that the expansion in the use of renewable 
energy in electricity generation positively impacts the Egyptian economy, but the degree of impact varies according 
to the policy used. 

 

Methods 
 
This study relies on the Computable General Equilibrium modelling. We used a single country, multi-sector static 
CGE model to test the macroeconomic and sectoral impacts of three policy instruments that support renewable energy 
deployment under three scenarios that simulate renewable energy targets. As is customary in the Computable General 
Equilibrium model, Social Accounting Matrix is the core data for the model. Our CGE model is based on Egypt Social 
Accounting Matrix 2014/2015 constructed by the CAPMAS (CAPMAS, 2019a). The standard SAM contains a single 
account for the electricity sector and is not suitable for this study's main objective, which is related to assessing the 
economic impacts of an increasing share of renewable energy in generating electricity. For this reason, we modified 
the standard SAM by disaggregating the electricity sector into different subsectors based on its electricity generation 
technologies.  
 
Results   
The simulation results show that increasing the share of renewable energy in electricity generation positivly impacts 
the GDP, whether the policy used is a tax incentive, subsidy, or RPS. This positive impact is except that the expansion 
of the use of renewable energy in electricity generation to 20% using the tax incentive negative impact on the GDP 
due to the decrease in investments and government consumption. The positive impact of expanding the use of 
renewable energy in electricity generation on GDP is due to the resulting increase in household consumption, 
government consumption, and investment. Compared to tax incentive and subsidy policies, the RPS policy has a more 
significant positive impact on the GDP.  
In terms of sectoral level, the impact of expanding the use of renewable energy in electricity generation varies 
according to the type of policy used to encourage the deployment of renewable energy. The effect also varies by sector. 
The tax incentive policy increased the volume of production in most sectors, while the subsidy and RPS policies 
reduced production volume in most sectors. For example, the volume of production decreased in the petroleum-
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intensive sectors under the subsidy policy, as the subsidy policy was financed through taxes on petroleum products. 
In the same context, the volume of production of fossil fuel products decreased under the RPS policy due to the 
decrease in electricity demand for fossil fuel products. 

Conclusions 

We apply the static CGE model to assess the economic effects of increasing the share of renewable energy in electricity 
generation in Egypt. We have a baseline scenario that assumes that the share of renewable energy in electricity 
generation will remain 10% of the total generated electricity as it was in the base year 2014, in the absence of 
renewable energy encouraging policies (instruments). The other three scenarios assume that the share of renewable 
energy in electricity generation increased to 20%, 42%, and 53%, respectively. We modelled three policy instruments 
in this paper: tax incentive, renewable energy subsidy, and renewable portfolio standard (RPS). We describe the 
impacts of these simulations on different economic variables, including sectoral output, commodity prices, welfare, 
factor market, trade, macroeconomic variables, and GDP. We can summarise that our results indicated that increasing 
the share of renewable energy in electricity generation positively affects most economic variables. However, the scale 
of these impacts varies depending on the policy used to support renewable energy deployment. 

By comparing the economic effects of the three policy instruments, we found that although the RPS policy has a 
negative impact on the welfare variables, as it led to a decrease in household income, household consumption, and 
household savings, it is more efficient than the tax incentive and subsidy policies. This higher effectiveness is because 
of its positive impact is more significant on the GDP, government income and the reduction of imports. For example, 
the RPS policy led to an increase in GDP by LE 4.91 billion when the share of renewable energy was increased to 
42%. The RPS policy is borne by the consumer more, while the government does not bear any costs in this policy. 
Our simulation results conclude that the expansion in use of renewable energy in electricity generation has a positive 
impact on the Egyptian economy, but the degree of impact varies according to the policy used. 
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Abstract 
The aim of this study is to address operational framework problems in electric power systems that are made up of 
solar systems, dispatchable load (DL), and power demand. The performance of a solar system with a dispatchable 
load within a virtual power plant (VPP) is studied. The method determines the level of solar system reliability in 
electric power systems. The proposed approach utilized historical data from renewable energy sources (RESs), 
primarily solar power systems, and dispatchable load to predict the amount of power that could be supplied and 
compare it to the amount of power needed to find any discrepancies in power supply and demand. The usefulness 
of the proposed approach is demonstrated by the implementation of linear programming in a case study of a typical 
power system problem under the VPP setting. The preliminary results suggest that rational VPP management 
practices have been developed, and these solutions can be used to mitigate the solar system's inherent uncertainty 
and maximize supply reliability. The results will assist decision-makers to come up with alternatives in case of 
power supply shortage, as well as system operators in determining the proportion of generation that solar systems 
can deliver. 
 

A. Background and motivation 
     Due to population growth, industrialization, technological advancement, and urbanization, power demand has 
risen across the globe in recent years. Sustainable growth will be encouraged by the demand for cleaner, more 
environmentally friendly energy to meet the world's growing energy needs [1,2,3]. One possible solution to meet 
this rising energy need is to harness renewable energy sources (RESs), especially solar power systems. Sunlight 
provides more than enough power for humanity, and no one can control and monopolize its supply. Moreover, 
using the solar system is a cleaner, safest, and simpler way to support a sustainable future [4,5]. Solar power plants 
have gained popularity as a result of technological development and falling generation costs. Therefore, it is 
imperative to make the transition to a more sustainable system of energy. It is because of environmental concerns 
and the need for clean energy [6]. The main benefit of RESs is that they do not directly contribute to environmental 
carbonization and do not promote global warming. However, the adoption of RESs causes challenges in the 
operation of the distribution grid, which affects the power quality. Therefore, their integration into conventional 
power systems is highly problematic due to their stochastic and uncertain nature. Innovative measures are, 
therefore, necessary to enable the migration from a conventional system to a smart energy system in regard to 
sustainable energy in a cost-effective manner [7,8]. To overcome these challenges, we put forward the idea of a 
virtual power plant (VPP) as a possible option. That combines the generation capacities of a large number of small 
distributed energy resources (DERs), dispatchable loads (DLs), and power demand as a market entity to efficiently 
offer scalable, reliable, and sustainable energy to end users, as well as provide market access to small generators 
to generate revenue and minimize the inherently uncertain nature of solar systems. 
 

B. Aim, Objective, and Approach 
     The aim of this study is to design and develop a new market mechanism for a VPP operating in a market 
environment. This mechanism accommodates smaller generators to access the day-ahead electricity market under 
the auspices of the VPP and generates income for them. For the market under study, a centralized control (CCM) 
mechanism is proposed. The proposed mechanism was used to conduct an experimental verification of its efficacy. 
In essence, it means that the VPP controller has the most control over each DER, and dispatchable loads while the 
performance of the system as a whole is improved with the proposed CCM. 
     The components of the VPP are coordinated through the application of smart information and communication 
technologies (ICTs) so that they can operate as a unified market entity, even though they are not geographically 
co-located. The VPP might have either a centralized or decentralized control strategy. The centralized control 
system of VPP is based on a sole centralized control system, that does not need to be physically installed at any 
of the monitored sites. The centralized VPP controller decides which power-producing unit and dispatchable loads 
will be deployed in order to maximize the energy production from the portfolio assets. The predicted portfolio 
assets generation, the availability of dispatchable loads, and market prices are all calculated by the VPP's 
centralized control system using historical data and then command signals are sent to the local controllers to 

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



362

satisfy that demand. In this setup, the VPP allows for bidirectional communication between the local controller 
and the centralized VPP controller. The cost of dispatchable loads being curtailed is periodically transmitted by 
the local controller. Based on field data collection, the centralized VPP controller sends the required time slots 
with market prices to the local controller.  Fig 1 shows the design of the proposed VPP market structure and 
information flow between the local and centralized VPP controller as well as interaction of the centralized VPP 
controller with the main grid. 
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Fig 1 Proposed VPP market structure 

 
 

C.  Mathematical modeling 
     The main objective of the algorithm is to generate revenue for participating members and minimize the inherent 
uncertainty of the solar system while considering the constraints of the system. The consumer benefit function is�

� �( ) ( )

Curt Curt

it itLoad�  added to the objective function to reflect customer behaviours in response to price change. 
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     The first term of the objective function represents the power demand with a corresponding cost at each bus i 
and time t. The second term represents the solar system’s active power generation with its related cost, while the 
load curtailment with a compensation fee is represented by the third term at each bus i and time t. 
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The power supplied by each PV panel in each bus i at any given time t can be stated mathematically as [2]. where
(t)R represents the solar insolation measured in kilowatts per meter square at time t. The rated power of each solar 

panel is represented by PV
ratedP , the efficiency of the PV module is represented by 

PV� . Solar irradiance is 

represented by G in watt per meter square and the power is measured in kilowatt.                                                                                
                                                                                                                                 

                                                                 � �( ) ( ) ( )

Curt Curt Curt

it it it
t i

Cost Load�
��                                                  (3) 

     The load curtailment compensation fee is represented by equation (3), Where
( )

Curt

itCost  is the total sum of 

compensation fees paid to consumers by the VPP while reducing load demands. The compensation fee for 

curtailment at each bus i and time t is represented by
( )

Curt

it� . The quantity of lad curtailed at each bus I and time t is 

represented by
( )

Curt

itLoad . According to the extent of the load curtailment, different levels of curtailment have 

different effects on consumers. As a result, consumers receive compensation fees for load curtailment based on 
the magnitude of the load reduction.  
 

D. Case study, simulation results, and discussions 
     The centralized VPP control mechanism for the energy market is supported by preliminary simulation results 
from a case study using a 16-busbar, UK generic distribution system (UKGDS). We supposed that buses 3, 6, 11, 
and 12 were outfitted with four PVs. It is also supposed that the PVs have a 0.95 lagging power factor. It is 
supposed that each candidate bus can have only one PV assigned. PVs with a cumulative capacity of 440 kW have 
been installed on their designated buses.  Vmin = 0.94 p.u and Vmax =1.06 p.u, are the min/max voltage limits. The 
planning horizon used in this study is a day divided into 24 hours. All the necessary data is taken from reference 
[9] with some modifications to fit our purpose. 
     Fig 3 shows the dispatchable load curtailment value over the planning horizon for each hour. Hour 12 has the 
highest load curtailment value, which is around (6kW). This is because the dispatchable loads are being offered 
the maximum market price at this hour. In comparison, hour 6 has the least value, which is approximately 0.1kW. 
This is because the lowest market pricing for the dispatchable load is available at this hour. 
The specified generator obligations at Buses 3, 6, 11, and 12 are shown in Fig 4. Fig 2 shows the location of Bus 
3 as the system's least expensive generator. Therefore, this generator is operated at its full capacity to meet the 
needs of the load as shown in Fig 4. While the most expensive generator of the system is located at bus 12 as 
shown in Fig 2, therefore, the least amount of this generator is used to meet the needs of the load. 
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                         Fig 2 Single line diagram of 16-bus UKGDS 
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Fig 4 PV dispatched active power                                   Fig 3 Dispatchable load curtailment 

 
E. Conclusions 

     in this study, we addressed the operational problem of an electric power system under the VPP setting. The 
electric system composed of load demand, solar system, and dispatchable loads operating in the day-ahead 
electricity market to minimize the inherent uncertain nature of the solar system and generate revenue for the 
participating members. The simulation studies were carried out on a 16-busbar UKGDS. The preliminary results 
confirm the benefits and efficacy of the proposed approach. Initial findings show that the dispatchable load’s 
contribution considerably minimizes the internal load of the VPP and effectively addresses the solar system's 
uncertainty. The simulation results demonstrated the impact of load reductions on the profit of energy producers. 
Also, introducing dispatchable loads into the formulation has the potential significance of preventing price spikes 
and ensuring improved pricing consistency, particularly in the case of power demand during peak hours. As part 
of our future work plan, we will integrate energy storage system technologies and will investigate how they might 
affect the solar system and the welfare of VPPs. 
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ESG and Corporate Financial Performance in Emerging Markets - a
U-shaped relationship?

Alexander Schult

December 2, 2022

Abstract

Sustainability, nowadays often summarized as ESG, is one of the most pressing topics for this

planet. While the relationship between ESG and Corporate Financial Performance (CFP) is

widely studied in developed markets, the field for emerging markets remains comparably scarce

and produces contradictory results between ESG and CFP. One reason for this inconclusive

picture might the underlying assumption of a linear relationship between ESG and CFP in

prior studies. This assumption, however, neglects the potential of an actual curvilinear rela-

tionship that could explain the negative and positive linear findings for emerging m arkets. This

study contributes to the ESG-CFP literature in emerging markets by examining whether the

relationship between ESG and CFP follows a curvilinear U-shape for up to 2,200 firms from 27

emerging markets for the time frame 2002-2019. While the results for linear estimations point

towards a positive relationship between ESG and CFP in the first place, curvilinear estimations

suggest a U-shaped relationship between ESG and CFP for accounting-based metrics, but not

for market-based metrics. Instead, the results for market-based CFP metrics indicate a positive

linear association in emerging markets. One reason could be that sustainability efforts come

at costs that are negatively reflected in accounting metrics but positively rewarded in market-

performance metrics in the anticipation of upcoming relevance and regulation of sustainability

in emerging markets. This study is one of the very first to examine the shape of the ESG-CFP

relationship for emerging markets. Further research should extend the knowledge about the

ESG-CFP relationship in emerging markets.

Contact details: alexander.schult@tum.de; Technical University of Munich, TUM School of

Management, Chair of Management Accounting, Arcisstraße 21, 81675 Munich
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Overview 
This paper comes to search in the problem of renewable energy investments of the Turkish government's experience, 
because the energy vision in Turkey is based on the security of energy supplies, the diversity of its resources and 
alternative energy resources, and the use of local energy resources to create an added value in the economy, and the 
liberalization of energy markets And their efficiency, on the other hand, is all this a motive that made the Turkish 
government attach importance to increasing the share of renewable sources in the country's total installed energy to 
30% by 2023 

Renewable energy has been one of the important topics in Turkey's energy agenda, and the Turkish government has 
made important reforms in this field during the past decade, after enacting the Law on the Use of Renewable Energy 
Resources for the Purpose of Electricity Generation (Renewable Energy Law) in 2005. Several updates have been 
made. Laws and regulations. As a result, Turkey's energy sector has turned into one of the world's most attractive 
investment destinations. In line with the implementation of investor-friendly regulations and the significant increase 
in demand, the Turkish energy sector is becoming more vibrant and attracting more investors' attention to each 
component of the value chain in all energy sub-sectors. 

Methods 
The research depends on the analytical descriptive method, with the aim of studying the scientific phenomenon 
related to: “The Turkish experience in the field of renewable energy investments”,  this study was also supported by 
a case study from the reality represented in the Turkish experience, which is considered good in the field of 
alternative energies through various government programs and plans that have contributed to a relatively successful 
degree in getting this country out of the tunnel of traditional energies into the light of alternative renewable energy.  

Results 

-  Turkey uses energy sources inefficiently and consumes more energy to produce products; 

- The demand for energy in Turkey is constantly increasing, which necessitates providing energy to the largest 
possible number of the population, which is also constantly increasing; 

- Hydroelectric power stations, the use of biomass for heating and the use of geothermal energy are major 
contributors in terms of renewable energy resources to the Turkish energy mix; 

Conclusions 
Turkey has attached great importance to generating energy from renewable energy sources with the aim of 
diversifying its sources, reducing dependence on imports and emission of greenhouse gases, and developing the 

local manufacturing industry. However, this remains insignificant compared to the strength of its economy and its 
rapid growth, which requires greater demand for energy from its various sources. 

References 
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Overview 
Environmental and economic impacts are often seen as two disparate forces in the energy sector. For instance, more 
environmentally friendly alternatives tend to have an economic disadvantage and vice versa. Nevertheless, a selection 
of strategies has also demonstrated that environment and economics can coexist and in synergy. Such strategies are 
highly dependent on the policies and resources of each country. Hence, the goal of this work is to evaluate how 
different pricing policies affect the demand of electricity, as well as how they affect how much renewable energy 
should be used in an optimized grid mix by 2030. 

By 2030, in a scenario free of reforms, liquid fuels would provide more than half of the fuel energy consumed for 
generation and would emit around 64% of the emissions. However, they would only represent 10% of the fuel costs 
at a domestic price.  

In this work, the effect and pertinence of reforms to the electricity price and to the fuels consumed for generation are 
addressed. Tariffs for countries with similar size of economy are taken as a reference. 

 

1. To elaborate a techno-economic evaluation of the status of the Saudi electricity grid mix and its associated 
greenhouse gas emissions.  

2. To forecast the demand of electricity of Kingdom of Saudi Arabia by 2030, considering the effect of global warming 
and comparing the potential impact of changes in the price policies of electricity.  

3. To calculate the optimized power mix needed by 2030 to supply for each demand scenario under the methodology 
of Capacity Expansion Planning. 

The Capacity Expansion Planning (CEP) scenarios are as using the software PLEXOS and the optimization is done 
using CPLEX which works under. 

Methods 
We divide the Kingdom into 4 areas, adhering to the National Grid's boundaries through 2019. The demand scenarios 
were constructed using a variety of econometric models developed by KAPSARC, taking into account the impact of 
factors including weather, GDP per capita, power price, and population increase. 

The weather variable was quantified using the concept of Cooling Degree Days and Heating Degree Days, which is 
an indicator of the amount of energy required for cooling and cooling, respectively, each year. Plotting historical data 
reveals a rising tendency. Despite the variability of the weather data, particularly in recent years, a linear model was 
used to project the future rate of climate change. 

Three scenarios were defined based on the intentions of the Ministry of Energy to increase private participation in the 
national power market. For that, electricity prices were modified and the corresponding demand response is calculated. 
The scenarios are defined as follows: 

1. Business As Usual Case (BAU): The current tariff of electricity remains untouched. 

2. Transitional Case (TRN): The tariff of electricity for the residential, governmental and commercial sectors 
increases by 100% by 2030, with a 50% increase in 2023 and the other 50% increase in 2028. The tariff of 
electricity for the industrial and agricultural sector is increased by 44% in 2025 to reach international levels.  

3. International Tariff Case (INT): The tariff of electricity for the residential, governmental and commercial 
sectors increases by 200% by 2030 to reach international equivalent values, with a 100% increase in 2023 
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and the other 100% increase in 2028. As well as in the Transitional Case, the tariff of electricity for the 
industrial and agricultural sector is increased by 44% in 2025 to reach international levels. 

Afterwards, Capacity Expansion Planning (CEP) cases were optimized for each of the four regions, from 2022 to 
2030. The optimization of the scenarios was done using Mixed Integer Linear Programming. Historical electricity 
demand and the distribution of generation per technology was taken from WERA public yearly reports and its official 
website. The technologies considered are gas turbines, steam turbines, combined cycle, cogeneration, diesel engines, 
PV, wind and nuclear energy. The historical distribution of fuel used for electricity (considering Crude Oil, HFO-380, 
HFO 180, Diesel and Gas) was taken from WERA public yearly reports and publications from KAPSARC.  

Wind characteristic profiles were taken from the Global Wind Atlas web page and solar characteristic profiles were 
taken from the European Commission’s PVGIS maps. The efficiencies of existing turbines were established according 
to datasheets of General Electric and the efficiencies of new turbines were assumed to be as those of the GE H-Frame 
turbine.  

Typical Wind Turbine Output profiles were taken from NRELs System Advisor Model using the Vestas Turbine 
Model V150/4000-4200 as reference. This turbine reference has already been used in the Kingdom, more specifically 
in the Al Jubail project. Typical Solar Efficiencies were taken from the NRELs System Advisor Model.  

Fixed and variable costs of each technology/fuel combination considered after filtration were defined based on the 
IAE Report: “Projected Costs of Generating Electricity” 2020 Edition.  

Results 
The characteristic regional differences in demand response were addressed. The demand per capita is the largest in 
the eastern region, followed by the central, west and south regions, in that order. Diverse authors have addressed this 
to the income level of each region, as well as the inherent existing infrastructure. 

The eastern region has shown to be more sensitive to changes in the electricity price, which can elucidate the space 
for improvements in energy efficiency through awareness programs. In contrast, the demand of the western region is 
the most sensitive to income variations. As expected by its milder weather conditions, the southern region is the least 
sensitive to anomalous fluctuations of hot weather. Cold weather, in contrast affects only the demand of the southern 
and central regions, where temperatures in the winter can reach temperatures below 10°C. 

When computing the three electricity pricing scenarios, it was found that the demand for the TRN case is 6.4% lower 
than the BAU case. Additionally, the demand of the INT case is in total 9% lower than in the BAU case. 

We found that raising the electricity price to international tariffs could reduce the demand projections for 2030 by up 
to 9%. Being the industrial sector more sensitive to price changes than the residential sector. 

The distortion between fuel price and consumption could be adjusted by increasing the domestic fuel prices to 30% 
of the international reference, which affects mainly liquid fuels. In this scenario, photovoltaic panels (PV) become a 
competitive substitute for gas turbines (GT). However, renewables would not exceed 43% of the total capacity and 
28% of the energy generated without the early retirement of firm capacity. The resulting cost of emissions avoided by 
reforming fuel prices is of $43/ton CO2eq. 

Simultaneously reforming electricity prices and fuel prices would favor the penetration of renewables without 
additional costs of investment. Besides, the marginal cost of electricity would remain close to $45/MWh. 

Finally, reforming the price of fuel and exporting the saved fuel would derive in additional revenue of up to $6.6 
billion by 2030, and would reduce the annual emissions by 2030 by up to 66 million tons of carbon dioxide. The 
economic gain from exporting the fuel saved by 2030 would be enough to relieve the additional cost in the electricity 
bill to the residents which represent 73% of the total consumption, through social programs. 

Conclusions 
Reducing the demand through electricity price reforms has been effective so far. However, further increments in the 
price will be considerably less impactfull in the demand. Increasing the electricity tariffs towards international prices 
(INT case) reduces the demand 9% contrasted with the BAU case. Around 70% of the same impact can be effected 
by a, less aggressive, intermediate pricing policy change (TRC case), with a demand that is 6.4% lower than the BAU 
case. Social awareness campaigns and the installation of smart meters are examples of additional strategies that do no 
affect economically the users and can be more effective. 

Combined cycle gas turbines (CCGT) remains as the most efficient and cheapest technology available if no price 
reforms are levied (REF). In this scenario, the limited access to gas in the southern region forces the installation of 
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new gas turbines (GT). The potential for wind turbine (WT) projects is limited in the Kingdom. Only 5 GW of WT in 
the windiest part of the western region (NEOM) is economically competitive. 
 
In a scenario free of reforms (REF), liquid fuels would provide more than half of the fuel energy consumed for 
generation, and would emit around 64% of the emissions by 2030. However, they would only represent 10% of the 
fuel costs at a domestic price. This distortion could be adjusted with an adjustment to the domestic fuel prices to 30% 
of the international reference, which affects mainly liquid fuels. Under this scenario, photovoltaic panels (PV) become 
a competitive substitute for gas turbines (GT).  
 
Even with a drastic reform, renewables would not exceed 43% of the total capacity and 28% of the energy generated. 
Additional shares of renewables would only be possible with the early retirement of existing firm capacity. The 
additional investment costs of the S30 reform would be 19% larger than the reference case (REF). Nevertheless, the 
reduction in demand caused by simultaneously levying an electricity price reform (S30-MID) would take the 
additional costs of investment to zero. 
 
Reforming the price of fuels would reduce the annual emissions by 2030 by up to 66 million tons of carbon dioxide, 
or 12% of the annual emissions of the reform-free scenario (REF). Finally, the economic gain from exporting the fuel 
saved by 2030 would be enough to relieve the additional cost in the electricity bill to the residents which represent 
73% of the total consumption through social programs. 
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1. Overview 
Fast-growing energy uses in countries with regulated markets cause economic inefficiencies and environmental 
damages. To curb demand growth and contain these effects, governments can adjust prices through reforms. However, 
estimating the costs and benefits of reforms following their implementation to measure their effectiveness remains 
scarce. In this paper, we quantify the implications of energy price reforms in Saudi Arabia following the two waves 
of 2016 and 2018. We use a computable general equilibrium model calibrated to Saudi Arabia to assess the economic 
and environmental interplays of energy price reforms. We estimate the overall macroeconomic impact of energy price 
reforms at a yearly average gain of GDP of 0.5% between 2016 and 2019. While the reforms resulted in a negative 
impact on private consumption and household revenue, it was largely offset by the positive impact on government 
revenue through increased export revenue. Moreover, setting a compensation mechanism to mitigate the impact of 
price reforms on households limited the impact on private consumption while channelling the additional revenue into 
investment contributed to the macroeconomic improvement. Finally, we show the environmental gain from the energy 
price reforms policy. Between 2016 and 2019, reforming energy prices decreased annual carbon dioxide emissions by 
around 4% per year on average, corresponding to cumulative emissions cut of around 15% over this period.    

2. Methods 
The IMACLIM model is an economy-wide model representing the supply and demand of goods and services, with 
the specific purpose of articulating with engineering representations of the energy system to produce consistent 
energy-economy-environment (3E) outlooks. In this paper, we employ the IMACLIM-SAU, a dynamic computable 
general equilibrium (CGE) model that embodies specific features of the Saudi economy (see Soummane et al., 2022, 
Soummane and Ghersi, 2022). The model covers 13 sectors, comprised of four energy sectors (crude oil, natural gas, 
refined products, and electricity) and nine non-energy sectors.   
Our modeling framework allows for an in-depth assessment of energy price reform policies. The multi-sector 
framework with multi-energy sources and secondary income distribution is well-suited for quantifying the economic 
impact of energy policies. Our approach is based on two policy simulations. First, we run a Realized scenario in which 
administered energy prices are adjusted to reflect energy price reforms implemented in 2016 and 2018. Second, we 
simulate a Counterfactual scenario, in which we omit the price reforms plans, i.e., maintaining energy prices at their 
2015 levels. The modeling approach allows for a three-level classification of the results, i.e., economic (in which we 
discuss the gross domestic product decomposition in addition to public and household revenue variation), energy (in 
which we present fuel variation and sectoral consumption), and emissions (capturing potential carbon dioxide 
variation across scenarios resulting from energy demand variation). 

3. Results 
 

3.1 Macroeconomic outcomes 
 
 
 
 
 
 
 
 
 

                                                                   
Ex-post assessment of energy price reforms in Saudi Arabia 

 
 
 

Salaheddine Soummane 
King Abdullah Petroleum Studies and Research Center (KAPSARC) 

Email: salaheddine.soummane@kapsarc.org  

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



371

 2 

Table 1. Impact of energy price reform compared to the Counterfactual scenario, by economic 
aggregate. 
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Source: Author’s calculations based on IMACALIM-SAU simulations. 
 
 

3.2 Energy demand outcomes 
Figure 1. Impact of energy price reform compared to the Counterfactual scenario, by fuel. 

 
Source: Author’s calculations based on IMACALIM-SAU simulations. 
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Figure 2. Impact of energy price reforms compared to the Counterfactual scenario, by sector. 

 
Source: Author’s calculations based on IMACALIM-SAU simulations. 
 

3.3 Emissions outcomes 
 
Yet to be finalized. 
 

Conclusions 
This paper examines the effect of energy price reforms on the Saudi economy through the lens of a CGE model. 
Reforming energy prices in regions with administered tariffs could be an effective tool to curb fast-growing energy 
demand and carbon emissions in Middle East countries (Breton and Mirzapour, 2016). However, ex-post assessments 
of past policies are not widely presented (Aryanpur et al., 2022). This study provides new insights into the 
macroeconomic implications of energy price reforms. The overall outcome of energy price reforms shows a net 
positive impact on main macroeconomic indicators through an improvement in public revenue, investment, and 
exports. The observed negative impact on household income, resulting in decreasing private consumption, can be 
mitigated through direct transfers to selected households through recycling the additional revenue. Finally, a 
significant decrease in carbon dioxide emissions resulted from implemented price reform policies. Therefore, 
adjusting energy prices prove to be an effective policy in achieving Saudi climate policy targets. Our results inform 
policymakers of the benefits of price reforms to shape potential future adjustments and design optimal mitigation 
policies. 
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Overview 
This work is a part of the large research study that deals with the representation of the petrochemical sector in 
KAPSARC Global Energy Macroeconometric Model (KGEMM). It examines the impact of the driving forces 
on the petrochemical sector and the role of the sector in the economic, energy and environmental developments 
in Saudi Arabia. There are at least four reasons for a deep study of the petrochemical sector. First, the National 
Industrial Development and Logistics Program (NIDLP 2020) and the National Transformation Program 
(NTP2020) of Saudi Vision 2030 (SV2030) identify the petrochemical sector as a leader in diversifying the 
Saudi economy. SV2030, the Kingdom's development roadmap, has set aspirational targets for the 
diversification of the Saudi Arabian economy for the period 2016-2030. For example, Non-oil GDP growth is 
expected to double compared to 2016. Non-oil exports to increase to 50% of non-oil exports from 16% in 2016. 
Achieving these and other goals will require rapid growth in the sectors identified in the SV2030 realization 
programs, and petrochemicals is one of them. Second, this sector is the main driver of Saudi non-oil exports. It is 
worth noting that its share in non-oil exports averaged 62.3% during 1991-2019. The so-called export-led growth 
concept states that exports can be an engine for long-term economic growth. In this respect, the development of 
the petrochemical sector and its exports can contribute significantly to the diversification of the non-oil sector's 
production and exports. Third, the government has provided significant support for the development of the sector 
in the form of investment and energy incentives in the past and plans to continue this support in the coming years 
in line with SV2030. Fourth, there is a favorable environment for the development of the sector when it comes to 
production inputs such as cheap energy and feedstock. Against this background, this study aims to better 
understand the developments in the petrochemical sector and their impact on the economy, energy, and 
environment in Saudi Arabia, and to derive policy insights that can be useful in the decision-making process. 

Data & Methods 
With the aim above, the objective of the study is to develop 2-stage modeling framework: In the first stage, 
representations for the petrochemical sector are developed. Precisely, long-run equations and Equilibrium 
Correction Models are estimated for value added, employment, investment, feedstocks (ethane, LPG, naphtha, 
methane), and exports (chemicals and plastic-rubber). Annual time series data are used for the estimations. The 
estimations start in different years, mainly in the 1980s and end in 2019 depending on the data availability. In the 
second phase, the estimated equations and identities are integrated into the KGEMM framework. This allows us to 
simulate KGEMM up to the year 2035 with different policy and research scenarios. KGEMM is a policy analysis 
tool for examining the impacts of domestic policy measures and global changes on economic, energy, and 
environmental relations in Saudi Arabia. KGEMM consists of nine blocks interacting with each other to represent 
economic, energy and environmental linkages in Saudi Arabia as Figure 1 illustrates.  
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Figure 1. KGEMM structure 
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Information such as KGEMM theoretical foundation, econometric methods, variables, and database can be found 
in Hasanov et al. (2020).  

Results 
In this conference presentation, due to space constraints, we focus only on petrochemical sector exports and their 
impact on the diversification of the non-oil export and value-added. Therefore, we report here only the long-run 
equations estimated for two export products, i.e., chemicals and plastic-rubber. We specify Saudi Arabia's 
exports as a function of trading partner income, the real effective exchange rate (REER), a measure of 
international competitiveness, and domestic production capacity, all in the natural logarithm (log) transformation 
following the export literature. The REER is defined as the nominal effective exchange rate (an increase in the 
REER implies an appreciation of the Riyal) times the ratio of domestic prices to foreign prices (which are 
specific to chemicals and plastic-rubber). Table 1 documents the estimation results. 

 
Table 1. Long-run estimation results for exports of chemicals and plastic-rubber  

Log(chemicals export) Log(plastic-rubber export) 
Log(foreign income)  0.30**  1.05** 
Log(domestic production capacity)  0.44*  0.88** 
Log(real effective exchange rate) -0.14** -0.13** 

Note: Deterministic terms are dropped to save space; As a proxy for domestic capacity, non-oil value added and petrochemical 
value added are used in the chemical export and plastic- rubber export equations; **, * are the statistical significance at the 10% 
and 5% levels, respectively. All the dependent and explanatory variables are integrated order of one process according to the unit 
root test results and long-run relationship in the equations are confirmed by the cointegration tests, such as Engle-Granger.  

 
Plastic-rubber exports have a one-to-one relationship with trading partner’s income and domestic production 
capacity, while chemical exports show relatively small response to these determinants. Similarly, both export 
products show a statistically significant response to the REER, albeit with small magnitudes.  
Next, we simulated KGEMM in two scenarios: Basecase scenario, in which we made no changes-the Saudi 
economy moves forward as it is in 2022. Scenario 1, in which we increased foreign prices for exports of 
chemical and plastic-rubber by 10% for the period 2022-2035. Table 2 contains the simulation results. 
 

Table 2. Deviation of scenario 1 from the basecase, % change. 

Year 
Exports Non-oil Share of 

Chemicals Plastic-rubber Export Value-added Non-oil export 
in total 

Non-oil value-
added in GDP 

2022 1.49 1.37 0.88 0.14 0.74 0.06 

2025 1.53 1.44 0.89 0.22 0.70 0.09 

2030 1.58 1.54 1.04 0.33 0.79 0.13 

2035 1.67 1.70 1.27 0.51 0.93 0.20 

Average 1.57 1.51 1.02 0.30 0.79 0.12 
 
The simulation results show that, on average, a 10% increase in foreign prices leads to an increase in exports of 
chemicals and plastic-rubber in Scenario 1 by about 2% compared to the basecase. This also leads to an increase 
in total non-oil exports and value added by 1% and 0.3%, respectively. Consequently, the shares of non-oil 
exports in total exports and non-oil value added in GDP (as diversification indicators) increase by 1% and 0.1%, 
respectively. 

Conclusions 
The main conclusion of the analysis is that petrochemical exports can make a positive contribution to the 
development and diversification of the non-oil sector. Policymakers may wish to take measures to increase 
exports of chemicals and plastic-rubber. In this context, they should consider that plastic-rubber exports are more 
responsive to foreign income and domestic production capacity than chemical exports. The real exchange rate 
also plays an important role in the behavior of both products’ exports. Since the fixed exchange rate of the Riyal 
to the U.S. dollar is followed in Saudi Arabia, policymakers should pay attention to the relationship between 
domestic and foreign prices. In this regard, measures to maintain the stability of domestic prices for chemicals 
and plastic-rubber are important for growth and diversification of non-oil exports and value-added.     
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Overview 
Cost optimal analysis technique was employed to assist the performance of building in order to minimize the 

energy consumption [1]. District energy (DC) is a pipeline infrastructure covering urban areas that connects thermal 
sources to thermal sinks. '' as shown in figure1  [2].  ''The results indicate that DC is responsible for a minor part of 
the useful energy demand of Europe for cooling with around 3 TWh/y.'' [3]. Compare to a conventional air-
conditioning systems, applying district cooling technology (DC) can significantly reduce the energy consumption for 
cooling purposes. Basically DC is a combined cold resource system designed for distributing chilled water via  a fluid 
based pipe network to meet buildings cooling demand of the end-users [2].  

The plan of Ministry of Housing in the Kingdom of Saudi Arabia included 133 residential projects which will provide 
154,676 accommodation units. employing DC systems in this project is expected to provide a significant impact on 
reducing energy consumption and gas emissions. Based on cooling load profile, the overall capacity was determined.  
A case study for a new campus in Saudi Arabia is studied to find out the energy consumption based on the local rate 
for electricity at 2022. Load of air-conditioning for a typical house is considered to investigate energy saving based 
on the season  throughout the year [4]. This study included the cost estimation of the proposed system compared to a 
unitary system. The impact on the energy saving and the environment was highlighted.  

  

 
Figure 1 Schematic diagram of a district cooling system [5]. 

Globally needed for energy are supplied 75% from convention resources such as fossil fuel [6]. 10% of worldwide 
CO2 emissions are brought on by refrigeration and air conditioning[7]. There are generally two types of air-
conditioning systems unitary and centralized systems which usually have better energy performances. Employing 
District cooling systems (DC) technology is expected to reduce annual energy consumption by15% and also reduce 
carbon emissions by 15.0% [8]. Some of advantages of DC systems combines the chillers required in each building 
into a central plant, reduction in the cost of equipment in the building, more space on building roofs and help to reduce 
energy consumption, gas emission such as carbon dioxide. DC has been a subject of research since the late of the 
nineteenth century when the refrigerants was the main fluid in the piping system. The second generation of the DC 
was based on the water as a distribution fluid that supplied child water to the demanding zones. The third generation 
was based on mix of cooling sources such as adding natural cooling rather than depending on just a compression 
chiller. The fourth generation of DC employed renewable energy , smart control system and also district heating 
system [2].  
Win-win situation between the end-user and the investor of district cooling systems. 37 commercial and residential 
building were designed to be supplied by DCS. Several groups of chilled water systems were supplied 3400 
refrigeration tons. Ice storage system reduced approximately 4% of the operation cost. It was recommended that to 
employed a power generating system which saved approximately 30% compared to conventional DCS [9]. DC provide 
an opportunity to utilize local resources to produce cooling. This included utilizing renewable energy, waste energy 
or free cooling. The efficiency of DC systems exceeded times higher than a conventional air-conditioning. More space 
instead of equipment on the buildings roofs as well as less noise.Analyzing the demand for cooling and potential end-
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user is the first step for the feasibility study of DC [10] [11]. A case study in Riyadh investigated the performance of 
Solar district cooling system to supply a compound of several villa [12]. Figure 2 represents a cooling load in a typical 
villa in Riyadh throughout the year which required a cooling power up to 48 KW to meet the cooling demand in the 
peak time in the summer.  
 
 

 
Figure 1  Cooling load in a typical villa in Riyadh throughout the year [12]. 

 

New campus on Saudi arabia has been taken as a case study. The focus was on air-conditioning load on building 
which is affected by the bulding insulation. A modified bin method was employed to optimize the energy efficiency 
ratio (EER) [13]. Approximately 213 USD billion required to be invested I desalination and electricity sector to 
meet the Kingdom demand [14]. The DC network infrastructure, which frequently constitutes the largest initial 
investment in a DC system (i.e., typically 50–75% of the total cost), requires careful design and optimal 
operation[15]. 

Methods  
The plan of Ministry of Housing in the Kingdom of Saudi Arabia included 133 residential projects which will provide 
154,676 accommodation units. A case study in Riyadh from the Ma'ali Annan project is taken to analyze the cooling 
load and electricity consumption. The project includes 440 housing units available in one type of housing unit (villa). 
The project is located on an area with approximately 105,000 square meters. Energy consumption was calculated and 
CO2 emissions was estimated based on [16] for different alternative cooling systems. To meet the cooling load which 
is approximately 22 RT for a Villa in this project,13 conventional air conditioner units suggested to be installed as a 
reference system.  

Results 
For a typical house in the case study, a reduction in energy consumption, when replaced unitary units with EER of 7.5 
to units with EER of 12, was 1497.6 KWh/Month. This represents a saving of approximately 270 SR/Month of the 
electricity bill. A reduction of CO2 emissions was 711 kg/Month for each houses. 
The reduction on the energy consumed by the residential project for the cooling system when moved to DC was in the 
range of 59.304 MWh/month to 0.415 GWh/Month which lead to reduce CO2 emissions to the range up to 0.2 kt/month 
 
Conclusions 
Economical and environmental updated results of residential energy sector were reported in this study. Utilising DC  
to meet the demand for air-conditioning systems in atypical project in Saudi Arabia was evaluated economically and 
environmentally. A case study was investigated to analyse energy consumption based on the local rate electricity. 
Employing DC technology is expected to reduce monthly energy consumption up to  0.415 GWh/Month and also 
reduce carbon emissions by 0.2 kt/month. Environmental index which included CO2 emissions, net savings with the 
proposed system and Levelized COE (nominal) were also investigated. 
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Overview 
The impact of the COVID-19 pandemic on the semiconductors manufacturing industry leads to a necessity 

for typical research work. For this reason, our work chose molybdenum disulfide (MoS2), an organic semiconductor 
with high neutral abundance, low cost, high carrier mobility, unique optical properties, fixable bandgap, and very 
low toxicity that make MoS2 a very safe and sustainable material. This work successfully synthesizes MoS2 quantum 
dots (MoS2 QDs) by liquid exfoliation to fabricate MoS2 QDs thin film by spray technique. The extract MoS2 QDs 
were characterized using scanning electron microscopy (SEM), Fluorescence emission spectra (FES), UV-VIS 
spectroscopy, and Energy-dispersive X-Ray (EDX). The SEM images have shown the MoS2 QDs with sizes ranging 
from (~ 4-11 nm), a spherical shape with a homogenous distribution. With strong UV absorption and 
bandgap=4.49eV corresponding to UV-VIIS spectroscopy result� Moreover, the MoS2 QDs show a fluorescence 
spectrum under excitation of 340 nm. The MoS2 QDs are spray-coated onto a substrate to fabricate thin film. The 
Photoluminescence (PL) results show an expansion in emission with high sensitivity covering the whole visible light 
region (380-700 nm), which makes MoS2 QDs thin films promising for optoelectronic devices such as solar cells 
and photodetectors. 

Methods 
1. Synthesis of n-MoS2 QDs 

We successfully synthesized n-MoS2 QDs through the liquid phase exfoliation method, as shown in Fig.1 

 
Fig. 1  Process of synthesizing n-MoS2 QDs 

2. Thin film deposition 
The device fabrication was achieved, and the Fabrication process illustrate in details in Fig.2 

 
Figure.2 Process of p-GaN/N-MoS2 device fabrication 
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Results 

� The SEM images have shown the MoS2��QDs with sizes ranging from (~ 4-11 nm), a spherical shape with a 
homogenous distribution shown in fig.3 

 

 
Figure.3 SEM image and EDX result of prepaed sample at (a) 90 oC (b) 100 oC (C) 110 oC 

 
� Strong UV absorption and bandgap 4.49eV corresponding to UV- VIS spectroscopy result as shown in Fig. 

4a. Moreover, the MoS2��QDs show a fluorescence spectrum under excitation of 340 nm as shown in Fig. 4b 
and under UV light in Fig. 4c. while the PL peak of n-MoS2 QDs laying in the range of nm the prepared 
sample was excited under different wavelengths >excitation from 270nm to 450nm where maximum peak 
found at 408 nm corresponding to >excitation = 350nm as shown in Fig. 4d.  

 
Figure.4 (a) UV-Vis absorption and Tauc plot of n-MoS2 QDs prepared at  90 oC (b) Fluorescence spectra of n- MoS2 QDs under 

>excitation = 340nm (C) Photoluminescence spectra of n- MoS2 QDs under different >excitation  oC (d) n-MoS2 QDs under UV lamps 

� The result shows a promising thin film for optoelectronic devices. For this reason, the p-GaN/n-MoS2 QDs 
photodetector was fabricated and characterized. The PL results in Fig. 5a show expansion in the emission 
spectrum to cover the visible region, while the I-V characteristic in Fig. 5b shows photodiode behavior. 

 
Figure.5 (a) p-GaN N-MoS2 QDs with the maximum intensity at the peak of 537nm (b) Current as a function of voltage for p-GaN/N-

MoS2  heterojunction photodetector   
 

Conclusions 

This work successfully synthesis n-MoS2 QDs from bulk MoS2 powder by liquid phase exfoliation in DMF. The 
samples were prepared at various temperatures where 90C exhibited the best result with strong quantum 
confinement, Eg4.49 eV, expanding absorbance, and ��Ä���\������ ����}���� ��� >excitation = 340nm. p-GaN/n-MoS2 
QDs photodetector was fabricated and characterized at [-2.5-2.5]; the device showed high performance with a 
responsivity of 7.069 mA/W and detectivity of �	  Jones at visible light region. 

�;	 �;	 �;	
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Overview 
The Sustainable Development Goals (SDGs) emphasize the need for a careful balance between social, economic, and 
environmental sustainability. This is because environmental quality affects economic development and vice versa, 
thus the importance of this global goal. Most governments and policymakers are increasingly interested in 
understanding the implications of environmental issues for the world economy, especially with respect to clean energy. 
In reality, the simultaneous achievement of these goals are unlikely due to possible conflicts between them. This trade-
off may arise due to the excessive use of natural resources that cause environmental pollution and distort the growth 
process. Countries like Nigeria, with high dependence on natural resources, face challenges of environmental 
pollution, which has consequences for macroeconomic policies in Nigeria. Energy continues to be a crucial component 
of the production process (Ozcan & Ozturk, 2019; Sarkodie & Ozturk, 2020), and investments in the sector have 
continued to grow. Similarly, CO2 emissions, ocean acidification, deforestation, water levels, and air pollution have 
also increased depicting an expansion in human economic activity (Graff-Zivin, 2018). Carbon dioxide emission, 
which comes from major fossil fuels (coal, gas, and oil) are the main greenhouse gas that causes global warming (Xu, 
Liu & Wu, 2021; Gani, 2021). Empirical evidence from the literature emphasized that several factors such as 
modernization, urbanization, energy consumption, renewable and hydro energy, and natural gas are associated with 
an increase in greenhouse gas emissions (GHE) (Tobelmann & Wendler, 2020; Li et al., 2019; Eberle & Heath 2020; 
Xu, Liu & Wu, 2021). Further evidence reveals that an increase in energy consumption is associated with a rise in 
carbon dioxide emissions in sub-Saharan Africa (Shahbaz, Solarin, Sbia & Bibi, 2015; Lin & Agyeman, 2020; Xu, 
Liu & Wu, 2021). Africa still lags in total CO2 emissions, which stood at 4 percent of global fossil fuel emissions in 
2017 (Ayompe, Davis & Egoh, 2021). As investments in the energy sector increase, it is expected that CO2 emissions 
in the continent will rise, given the projection of rapid growth of population and per capita GDP in Africa (Ayompe 
et al, 2021). This is even more worrisome as a rise in population leads to the rising energy demand that translates into 
massive investments in oil, coal, gas exploration, and extraction. In Nigeria, there is heavy investment in the oil and 
gas sector aimed at increasing production levels (Ahmad & Du, 2017; Koengkan, 2018; Hanif, 2018). This is because 
of the dependence of households, businesses, and governments on traditional energy for individual and productive 
purposes. This makes the country vulnerable to climate change (AfDB, 2022; CDP; 2020) and underscores the need 
for policy options to diversify the Nigerian economy away from oil. Given Nigeria’s overreliance on fossil fuel to 
drive economic growth, this study will highlight the implications of further investment in the oil and gas sector and 
the consequences for environmental degradation in Nigeria. Against this backdrop, this paper seeks to evaluate the 
impact of investment in fossil fuels on environmental degradation in Nigeria and the implications for sustainable 
development.    

Methods 
To investigate the implication of investment in fossil fuels on environmental degradation in Nigeria, the study will 
utilize secondary data from relevant institutions. Two proxies will be used for environmental degradation (CO2 
emissions and environmental sustainability index). Both descriptive and econometric methods of analysis will be 
employed to give empirical content to the stated objectives. Regime switching models and nonlinear models will be 
used in analyzing the stated objectives.  The study will hinge on the Environmental Kuznet’s Curve which believes 
there is evidence of a nonlinear relationship between the growth of an economy and the level of environmental 
degradation. Thus, the optimal level of investment in fossil fuels beyond which growth in the sector affects the 
environment is essential for policy formulation.  

Expected Results 

It is expected that investment in fossil fuels will have a dual effect on the Nigerian economy. It is likely to affect 
economic growth positively in the short term, but negatively in the long-run. On the flip side, it may not affect 
environmental sustainability in the short-run, but the impact may be severe in the long run. The optimal trade-off point 
between them will be estimated to aid policy analysis.  

 

INVESTMENT IN FOSSIL FUELS AND ENVIRONMENTAL DEGRADATION IN 
NIGERIA: POLICY OPTIONS TO MITIGATE THE POTENTIAL TRADE-OFFS 
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Conclusion 
It is expected that the indicators of environmental sustainability will respond negatively to investments in fossil fuel. 
This is in line with the postulation of the theoretical framework and empirical literature of the study. 
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Overview 

Energy is a significant source of economic and social development that constitutes the crucial keys and enhances all 
aspects of the economy for any country. Undoubtedly, energy availability and consumption in the necessary quantities 
are necessary to achieve the desired economic growth rates. Moreover, it is impossible to achieve economic 
development and growth in light of environmental deterioration and the depletion of natural resources (Karimi, et al., 
2021). 

Nowadays, environmental degradation has become a significant challenge in all countries of the world, whether 
developed or developing, and ecological problems have become no less important than other economic problems. The 
global concern about environmental sustainability has begun to increase, especially after the increase in greenhouse 
gases in the layers of the atmosphere, which constitute an obstacle to the exit of sunlight reflected from the earth. 
Many indicators increase CO2 emissions, and fossil fuels are one of the most critical indicators heavily augmented by 
economic growth. There are many research debates about the role of economic factors on health issues, environmental 
degradation, and other factors that can affect the economic growth of emerging countries (Hanif, 2018). 
It is noteworthy that energy, with its renewable and non-renewable sources, is an essential pillar for achieving all 
dimensions of sustainable development. Renewable energy is defined as the energy produced through natural 
resources, which are continuously renewed and inexhaustible. The most important aspect of this energy is that it is a 
clean and environmentally friendly energy. It does not usually produce harmful residues such as carbon dioxide or 
other toxic gases. The main motive for using renewable energies is the environmental motive, to reduce carbon dioxide 
emissions (Park & Kim, 2019).  
Moreover, financial development plays a vital role in improving and developing the quality of the environment by 
supporting renewable energy, scientific research, and growth in environmental sustainability. On the other hand, the 
financial sector supports many infrastructure development and manufacturing activities, which may lead to the 
stimulus that may stimulate Ecological Footprint (Baloch, Zhang, Iqbal, & Iqbal, 2019). This study is significant as it 
aims to investigate the relationship between financial development and renewable energy consumption on CO2 
emissions and economic growth. 

Methods 

The research depends on secondary sources to collect the data and information. The data is extracted from World 
Bank’s World Development Indicators (WDI). The obtained data from this source helps to estimate the quantitative 
relationships between the variables from 2001 to 2017. The study uses a limited time frame and countries due to the 
availability of data and the absence of any missing data. The research is applied to 18 countries from the G20 
Countries. The selected that are examined in this paper include Argentina, Australia, Brazil, China, France, Germany, 
India, Indonesia, Italy, Japan, Republic of Korea, Mexico, Russia, Saudi Arabia, South Africa, Turkey, the United 
Kingdom, and the United States. Two countries are excluded from the application, Canada and the European Union, 
due to the lack of data in the selected years. 

The study uses the panel data vector autoregressive (PVAR) model to analyze the data. A panel of data consists of a 
group of cross-sectional units (people, households, firms, states, countries) that are observed over time. This model 
was developed by Love and Zicchino (2006) to increase the accuracy of the prediction.  The model takes into account 
the effect of the change of time��and calculate unobserved individual heterogeneity for the whole series (Love & 
Zicchino, 2006).  
To test the validity of the data, the study uses many tests includingIm-Pesaran-Shin unit-root test, Panel-data 
cointegration tests, Correlation matrix, Pooled OLS, Fixed Effect Model, Random Effect Model, Breusch and Pagan 
Lagrangian multiplier (LM) test, Hausman Test, Diagnostics Tests, heteroscedasticity test, and serial correlation test.   
The proposed panel VAR model is given by the following: 
\åæ� � ¦�æÅç<è?\��ÅéêÅë�Åì�� 
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Results 

The results of the PVAR model highlight the persistent impact of CO2 emissions, in which high levels of CO2 
emissions today sustain higher levels of emissions in the future. Increased renewable energy consumption, on the other 
hand, results in a substantial reduction in CO2 emissions.  Furthermore, CO2 emissions appear to be detrimental to 
financial development. This indicates that financial development may exacerbate environmental concerns by 
providing funding to heavy industries that can harm the environment through inefficient production practices. The 
findings also suggest that sound and efficient financial systems contributed significantly to future financial 
development. Economic growth and capital formation, as expected, have a positive impact on financial development. 
In regard of GDP growth determinants, results suggest that higher industrial activities in G20 countries appear to have 
a positive impact on economic growth. However, financial development is probably to have a detrimental impact on 
G20 economic growth. CO2 emissions have a positive impact on renewable energy consumption, but financial 
development has a negative impact. Finally, capital formation is influenced positively by its lag values. 

Conclusions 

The study provides some policy recommendations. First, there is an urgent need to cut CO2 emissions and replace 
renewable energy sources with traditional fossil fuels, which will benefit both future and current generations. 
Furthermore, it is essential to encourage green and energy-efficient economic activities by providing affordable 
finance to these industries. It is also necessary to switch to more energy-efficient industrial activities that are 
environmentally friendly to enhance their role in economic growth. Finally, policymakers must take serious measures 
to implement more efficient financial reforms in or der to achieve financial stability and minimize disruptions in the 
G20 financial markets which consequently stimulate economic growth. 

The study suggests further research to address significant issues that could not be covered in the current study. One of 
these challenges is to investigate the effects of real oil prices and trade openness on renewable energy consumption. 
One of the main shortcomings of this study is that it ignores the heterogeneity of the G20 countries. As a result, one 
potential extension of this study is to break the panel data into two subsamples based on the renewable energy share 
of total energy resources in order to examine the main determinants of economic growth and environmental 
deterioration for each subgroup. Future research may also include other institutional and sociodemographic variables, 
as well as other proxies of environmental degradation. 
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Renewable	energy and employment in Saudi Arabia: Assessment and 
Prospects 

Sylvain Cote, Strategy and Market Analysis, Saudi Aramco, + (966) 138732493, 
sylvain.cote@aramco.com  

Overview 

Guided by Vision 2030, the Kingdom of Saudi Arabia has implemented a range of energy sector reforms 
to support the deployment of renewables, lower energy demand growth and decrease the energy 
intensity of the economy. While all important in enabling energy transition and curbing greenhouse gas 
emissions, renewal energy projects are particularly expected to lead to other positive outcomes such as 
the creation of local employment. Although job estimates vary greatly due to implicit differences in data 
collection and methodology, the bulk of studies show that jobs needed per unit of energy produced from 
renewable energy projects is significantly higher compared to conventional power projects. As the 
government aims to increase the share of renewables from the current less than 1.0% to 50% of power 
generation capacity by 2030, one would expect that higher labor intensity in the sector would translate 
into many jobs.  

In the context of the Saudi labor market, however, common analytical approaches based on input-output 
tables or general equilibrium modeling can only give a partial view of the likely labor market outcomes. 
The relevant question is rather whom, among Saudis and non-Saudis, are most likely to benefit from job 
creation in this emerging sector. An examination of the evidence shows that long-entrenched 
occupational and sectoral biases, information asymmetry, and a shortage of adequate skills could limit 
this job creation potential for young Saudis. 

Methodology 

Using publicly available data, such as the General Authority for Statistics’ labor force surveys, this paper 
employs descriptive statistics to assess the prospects of Saudi employment in the emerging renewable 
energy sector.  

Results 
While renewable energy has the potential to create tens of thousands of jobs, the evidence shows that 
action may be required to unlock the job creation potential for Saudis in the sector – especially in a 
context where the labor supply of Saudis continues to grow. The continued preferences for training 
geared towards white-collar occupations, combined with a lack of vocational training, represent 
challenges for the employment of Saudi nationals – challenges which have their origins in issues such as 
occupational and sectoral biases, information asymmetry, and a shortage of adequate skills. More 
specifically: 

1. A high degree of labor segregation subsists between nationals and non-nationals — with the former 
mostly working in the public sector (59% in 2020). In contrast, about 75% of expatriate workforce is 
currently (2020) employed in the sectors that are set to generate the bulk of renewable energy jobs 
— particularly manufacturing and construction.  

2. This segregation also extends to gender. Data shows that Saudi labor force growth in the coming years 
will be more dependent on female workers, which are expected to grow at a faster rate than their 
male counterparts. However, Saudi females are more likely to be employed in lower paid, non-
technical, administrative jobs in sectors such as public administration, education and health as well as 
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retail. Combined, these sectors currently account for more than 70% of total female employment. 
Resistance to physical and outdoor work adds to the challenge. 

3. Education and training remain mis-aligned. The concentration of Saudis in the public sector is also 
reflected in its human capital endowment, with the majority of Saudis graduating with degrees in 
business, law and social sciences (60% in 2020). While technical and vocational qualifications are 
more relevant, less than 6.0% of males and less than 2.0% of females enroll in such programs. These 
figures contrast sharply with countries at the forefront of renewable energy development: 22% in 
Germany, 13% in Egypt, 9.0% in Morocco, and 8.0% in China. 

Conclusions 

� Despite wide-ranging estimates, renewable energy projects in several countries have shown a strong 
potential for job creation — a welcome development given strong demographics in the Kingdom. 

� A risk exists however that barriers, such as labor market occupational and sectoral biases, information 
asymmetry, and a shortage of adequate skills among young Saudis, could limit this opportunity. 

� To alleviate these constraints, more efforts could be made to provide better labor market information, 
expand vocational training and work with industry to better target and develop skill needs. 

� Even in the case of renewable energy projects having a modest impact for Saudi workers, its strategic 
potential in terms of skill and entrepreneurial development should still be considered. 
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As part of Vision 2030, Saudi Arabia has committed to diversifying its economy away from hydrocarbons. 
A central pillar of this effort will be the transformation of the Kingdom into a leading tourism hub. This 
entails increasing the number of visitors from 20 million in 2019 to 100 million by 2030 and the GDP 
contribution of tourism to 10% from the current 3.0%.  

To help achieve these ambitious targets, the Kingdom has embarked upon developing seven giga tourism 
projects across the country, which are expected to come online over the next decade. Spearheading this 
effort, the Public Investment Fund (PIF) is developing five of the seven projects, namely: the Red Sea 
Resort, Amaala, NEOM, Qiddiya and Soudah.  The Royal Commission for Al-Ula (RCU) and the Diriyah Gate 
Development Authority (DGDA) are managing Al-Ula and Diriyah projects. Only NEOM’s tourism projects 
are considered in the paper, not the full city targets. Along with these projects, the government also aims 
to expand airport capacity to 330 million passengers and add 500,000 new hotel rooms.  

9$�"���)�+,	

The study employs a three-tiered analytical framework. First, covering a 30-year period to 2050, an 
investment/financial model for each project is developed. For each project, this model assesses the 
impact of detailed capital spending (hotels, leisure facilities, shopping and dining, real-estate for sale etc.) 
and associated infrastructure investments as well as direct employment footprint. In the operational 
phase of the projects, the model estimates revenues from hotels, dining, shopping, sports and other 
leisure activities and real estate sales as well as the associated operating costs and EBITDA margins. 

A second model integrates these outcomes with a granular input-output table of Saudi Arabia to estimate 
gross value added and employment contributions. A third model based on a benchmark of similar but 
best-in-class projects globally, extends the analysis to assess the energy footprint and avoided emissions 
from the greener and more sustainable consumption patterns adopted by the projects. The results are 
provided at an aggregate and project or unit specific level. 

Data source: Most of the data/information is obtained from public sources, including PIF press releases 
and a detailed benchmarking of similar assets (hotels, Formula 1 tracks, etc.) globally. We also make 
extensive use of the Middle East Economic Digest (MEED) project database for capital spending and a 
granular input-output table of Saudi Arabia which has been developed by Saudi Aramco. 
 
$� )��	

Supported by an investment of $64 billion, all seven projects are expected to generate an annual average 
of $22.4 billion ($13.7 billion directly) in GDP and 240,000 jobs (67,000 jobs directly) over the construction 
and operation phases of the businesses until 2050. The projects are expected to be profitable with an 
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operational margin of $1.6 billion. However, they are likely to struggle in fully recovering the large capital 
expenditures on direct facilities and associated infrastructure spending during the 30-year period to 2050. 

Combined, the projects are projected to consume around 0.4 TWh of electricity at their peak operations. 
Three projects are being designed to be fully green (Red Sea, Amaala, NEOM). These will consume 0.2 
TWh of energy and avoid considerable emissions relative to the grid-sourced electricity.  

The projects are not however without risks which include their large scale, location, types of products 
(premium-heavy), insufficient differentiation (particularly between NEOM, Al Ula, Red Sea and Amaala) 
and insufficient number of trained Saudi workforce. 

Finally, we acknowledge some differences with the publicly reported impacts availed by PIF. Our use of 
publicly available data and PIF’s reporting of high-level headline impacts means that a full reconciliation 
is not possible. In addition, our energy footprint assessment excludes embedded energy in water 
consumption; LPG used as a supplement in cooking and heating and diesel consumed during the 
construction phase which are covered in a future revision of the paper. 

����) �!���	

Saudi Arabia’s giga projects are flagship showcase drivers for an ambitious tourism sector. Over the 30-
year period to 2050, on average, these projects are expected to create 240,000 jobs and generate over 
$22.0 billion in GDP annually. Overall electricity requirements of the seven projects are estimated at 
0.4TWh. Crucially, the greenhouse gas emissions footprint of the projects is expected to be relatively 
modest as three projects will be fueled by 100% green energy. Together, these projects offer a strong 
start to delivering on the tourism ambition and diversifying the Kingdom’s economy away from 
hydrocarbons.	

$&$�$��$�	
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Overview 
The connection and interactions between economic development and environmental degradation have been a topic of 
many studies over the recent past. Saudi Arabia has seen an increased amount of emissions of carbon dioxide as a 
result of continued economic growth. The relationship between these variables can be tested using the environmental 
Kuznets curve (EKC). The Environmental Kuznets curve (EKC) states that at first, there exists a direct proportion 
relationship between economic development and environmental pollution (de Bruyn et al., 1998). After achieving a 
certain level of income, the relationship becomes inverted or reversed. In our current study, we try to examine the 
relationship between pollutant emissions and economic growth for an open developing country, Saudi Arabia, during 
the period 1980–2019. This study is made on basis of the environmental Kuznets curve hypothesis (EKC), using time 
series data and cointegration analysis. We use Carbon dioxide (CO2) as the environmental indicator and GDP as the 
economic indicator. 

 

Methods 
In our empirical analysis, we use per capita carbon dioxide (CO2) as the environmental indicators (measured in metric 
tons), and per capita GDP in constant 2010 US dollars as the economic indicator. The pollutant emissions is chosen 
according to their environmental relevance and because it is available on a national basis and for the longest time 
period. The CO2 emissions are those stemming from the burning of fossil fuels (including solid fuel, liquid fuel and 
gas flaring) and the manufacture of cement. The CO2 emissions cause problems on a global scale, which are classified 
as one of the main driving forces behind global warming today. All data used in this study covering the period 1980-
2019. Per capita GDP and per capita CO2 emissions are taken from the World Bank’s World Development Indicators 
(2021). The objectives of our empirical estimation are to examine how the variables are related in the long-run and to 
assess the dynamic causal relationship between these variables. In line with these objectives, our methodological 
approach in this paper is structured as follows: First, we test for stationarity in the time series for all the variables 
using three unit root tests: the augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979), the Phillips-Perron 
(PP) test (Phillips and Perron, 1988) and the Kwiatkowiski-Phillips-Schmidt-Shin (KPSS) test (Kwiatkowiski et al., 
1992). The second step is to test for cointegration using the Johansen technique (Johansen, 1995), which is carried out 
in a context of a vector autoregression (VAR) model. Whether or not the variables included in the VAR model are 
cointegrated has implications for the form of that model and for the type of causality test that is appropriate. If the 
Johansen tests support the conclusion that the variables are not cointegrated, then causality tests must be based on a 
VAR model in first differences. If, however, the variables are cointegrated, then causality tests should be based on an 
error correction model (ECM). So, the third step is to test for causality by employing the appropriate types of causality 
tests. 

 

Results 
According to the EKC hypothesis, the long-run relationship between economic growth and environmental degradation 
can be expressed as a logarithmic cubic function of the income, given by: 

� � � �2 3

0 1 2 3ln ln ln ln (3)t t t t tP Y Y Y� � � � �
    
 

Eq. (3) allows us to test the various forms of environmental-economic relationships; 1 20, 0� �� �
 and 3 0� �

 

reveals an N-shaped relationship; 1 20, 0� �� �
 and 3 0� �

 reveals an inverse N-shaped relationship; 
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1 20, 0� �� �
 and 3 0� 


 reveals a U-shaped relationship; 1 20, 0� �� �
 and 3 0� 


 reveals an inverse U-
shaped relationship, representing the EKC hypothesis, the turning point of  the EKC is computed by 

1 2ˆ ˆˆ exp( 0.5 / )� � �
 �
; 1 0� �

 and 2 3 0� �
 

 reveals a monotonically increasing linear relationship; 1 0� �

 

and 2 3 0� �
 

 reveals a monotonically decreasing linear relationship. 

We use Carbon dioxide (CO2) as the environmental indicator (Pt) and GDP as the economic indicator (Yt). Our primary 
results (our empirical research has not finished yet) show that there is a long-run cointegrating relationship between 
the per capita carbon dioxide (CO2) emissions. Actually, a monotonically increasing relationship with GDP is found 
more appropriate for CO2 emissions. Therefore, our empirical findings do not support the hypothesis of an inverted 
U-shaped EKC for CO2 emissions in Saudi Arabia. However, the causality results show that the relationship between 
income and CO2 emissions is one of unidirectional causality emissions with income causing environmental changes 
and not vice versa, both in the short-run and long-run. This implies that emission abatement policies and more 
investment in mega green projects will not hurt economic growth. It could be a feasible policy tool for Saudi Arabia 
to achieve its sustainable growth in the long-run. 

 

Conclusions 
In our current paper we examine the relationship between pollutant emissions and economic growth for an open 
developing country, Saudi Arabia, during the period 1980–2019. This study is made on basis of the environmental 
Kuznets curve hypothesis (EKC), using time series data and cointegration analysis. We use Carbon dioxide (CO2) as 
the environmental indicator and GDP as the economic indicator. . Our results  show that there is a long-run 
cointegrating relationship between the per capita carbon dioxide (CO2) emissions. Actually, a monotonically 
increasing relationship with GDP is found more appropriate for CO2 emissions. Therefore, our empirical findings do 
not support the hypothesis of an inverted U-shaped EKC for CO2 emissions in Saudi Arabia. However, the causality 
results show that the relationship between income and CO2 emissions is one of unidirectional causality emissions with 
income causing environmental changes and not vice versa, both in the short-run and long-run. This implies that 
emission abatement policies and more investment in mega green projects will not hurt economic growth. It could be 
a feasible policy tool for Saudi Arabia to achieve its sustainable growth in the long-run. 
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Overview

As a concept, Just Transition was an early trade union demand that has now become a mainstream policy tool 
applied by international institutions and treaties.  It has become increasingly popular in recent years in the context of 
climate change adaptation and mitigation policies. While these policies aim at limiting the rise in global temperature 
through reducing greenhouse gas (GHG) emissions and the ensuing climate change, they will naturally affect 
industries and, therefore, labour. Just transition has come to be known as “maximizing the social and economic 
opportunities of climate action, while minimizing and carefully managing any challenges – including through 
effective social dialogue among all groups impacted, and respect for fundamental labour principles and rights” 
(ILO, n.d.).  In the context of just transition, the concept of just energy transition has emerged to address specifically 
just transition implications of the energy transition, especially in the context of fossil fuel dependent economies.
Energy transitions are costly, especially for hydrocarbon dependent economies as they involve various trade-offs 
between socioeconomic development and energy diversification projects, requiring the implementation of just 
transition policies (Shehabi, 2022).  At the same time, a just energy transition is urgent but indispensable and, thus,
requires rapid economic, technological, and social transformation as well as large fiscal and financial costs (Shehabi,
2022; Shehabi & Rastogi, 2022). Despite the huge role fossil-fuel dependent economies are likely to play in any just 
energy transition on a global scale, much of this literature focusses on the global north. Additionally, while existing 
research on just energy transition remains in its early stages, the focus on the context of gender or other 
considerations is almost lacking (Shehabi & Rastogi, 2022) even though women and other groups tend to be among 
the most impacted by climate change and mitigation measures (UNFCCC, 2022). While women have a much 
stronger presence in renewable energy than in the traditional energy sector, they still constitute only 32% of the 
overall renewable energy workforce and, thus, remain underrepresented (IRENA, 2021). The impacts of climate 
change, and policies with a gender-neutral approach to mitigate these impacts, may exacerbate the barriers faced by 
women working in the energy sector. A just transition is key in minimising impacts of mitigation measures on 
people in vulnerable situations and can reduce occupational gender stereotypes that prevent women from benefiting 
from the economy (ILO, 2022).

In this context, this paper builds upon previous work by the authors on just energy transition by zooming in on 
women in the context of just energy transition. 

Methods

The paper undertakes a qualitative assessment for the gaps that exist in the literature on women in the context of just 
energy transition and provides both policy recommendations as well as avenues for future research.  The paper then 
identifies key areas that affect women specifically in the context of the energy transition. 

Results

The key result of the paper is that, first, there is dearth in studies at the intersection of gender and just energy 
transition as well as a dearth of studies on effects of the energy transition on women. Our result confirms
conclusions that existing research on mitigation policies is “preoccupied with techno-economic transformations” 
that are perceived to be gender neutral (Michael et al., 2020). Second, indeed, women are impacted in the context of 
the energy transition both as workers in the fossil fuel industries as well as energy consumers, domestic carers or 
other occupations.  Yet the nature of the impacts of the energy transition in different across different industries and 
geographic areas will affect women differently.  There is evidence that women in energy-poor areas are positively 

A Just Energy Transition for All? The Invisible Case of Women
Manal Shehabi, St. Antony’s College-Oxford University� SHEER Research & Advisory Ltd, +447534209595, 

manal.shehabi@sant.ox.ac.uk
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impacted by the energy transition, while in other areas where they work in fossil fuel industries are negatively 
impacted.  The paper relies on data available in the public domain to evidence these results.  

 

Conclusions 

The just energy transition is an indispensable means to a successful energy transition, but the latter has to be 
inclusive of all and has to extend beyond direct effect of labour.  Women are specifically impacted by the energy 
transition in various capacities and, therefore, gender-specific policies must be designed within the larger context of 
the just energy transition policies.  In fossil-fuel producing countries, just energy transition policies must be 
accompanied by skills development and social protection policies to ensure women’s safety and well-being as well 
as provision of adequate conditions for women’s engagement in the labour market and energy access.  Furthermore, 
sex-disaggregated data must be more readily available to better understand the role played by women in the energy 
sector, and its sub-sectors, for these policies to be better targeted.  The concluding section of the paper identifies 
various areas for future policy and research focus that are distinguish between geographic areas and sectors.   
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Energy, economic development, and climate change 

Biogas as clean energy alternative for rural poor at West Kordofan-
Sudan  
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Overview 

Biogas technology helps improve in the livelihoods of poor rural people and contributes to the reduction of 
greenhouse gas emissions. The use of biogas helps minimize carbon emissions caused by burning fuel 
wood and by natural decomposition of organic waste. This alternative form of energy also reduces the 
use of fossil energy. It helps improve sanitation conditions because cattle dung is no longer burned to 
generate power but is channeled into biogas digesters. Biogas plants also produce organic waste that is 
dried and used as fertilizer (Biogas for Africa, 2007).  

Methods 

The experiment was done in Kurdofan region situated in the central part of Sudan extending from 9.50 to 
16.40oN latitudes and from 27.30 to 32.25oE longitudes. The region covers an area of approximately 
380,000 km2, representing 24% of the total area of the country. The total population of the region is about 
3.25 million comprising 15% population of Sudan. Urban population constitutes 15%, nomads 20% and 
the sedentary rural population constitutes 65% of the total population. 

A questionnaire was prepared to cover 361 households. The purpose of the questionnaire was to collect 
data and information from the households about types of fuel used and purposes of using the fuels. Other 
information included distance travelled to collect fuel wood, time to prepare the meals. Kitchens were 
visited to investigate the environment in which women were working while preparing the food, time spent 
and utensils cleanness. 

First visit covered kitchens in households where the cooking utensils, types of fuel used and air quality 
environment were investigated. Second visits were carried out to investigate the effect of biogas unit 
implementation.  

7 biogas units were installed in 7 households in the village of Kamas Aldonkey, and another 8 biogas 
unite were installed in the village of Kamas Hagar at western Sudan. The unit is a fixed Chinese model 
which consists of an underground brick masonry compartment (fermentation chamber) with a brick dome, 
concrete or prefabricated plastic dome on the top for gas storage. The biogas unit is a fixed dome 
Chinese unit of a volume of 3.2 m3. It is designed to give 1.6 – 1.8 cm3 methane gas. The calculations 
were done as follows 
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Results 

Fetching of fuel wood was done mainly by walking on foot (43%), riding donkeys (30%), and using carts 
(27%). Difficulties for fuel wood collection was mainly related to distance travelled (57%), cutting wood 
and transportation (17%), scarcity of fuel wood (13%), high price (9%) and others (4%). First visit 
revealed that all households used the traditional method of cooking with a three-stone cooking fire. The 
impact of biogas technology showed that the time taken to collect fuelwood was reduced to zero. Time 
spent to cook main meals is reduced from 2-3 to ½ hour for breakfast, from 2 to 1 hour for lunch and from 
1 ½- ¼ hour for dinner and too few minutes for tea. Money spent for purchasing wood fuel or charcoal 
was reduced to zero. Women and children are now enjoying healthier conditions.  

It could be shown that a single bio digester can reduce 4 tCO2 per year. Calculations were done as 
follows. 

By   = Quantity Appliance * Ny * Usage Rate * 0.95  

        = 4.945 * 15 *0 .8 * 0.95 t/year  

= 56 t/year 

 = 56* 81% * 0.015 * 81.6 tCO2/year 

= 55.5 tCO2/year of emissions could be reduced from a single biodigestor 

Conclusions 

Installation of biogas units can contribute to replace fossil fuels, thus reducing the emission of GHGs and 
other harmful emissions; by tapping biogas using it as a source of energy, harmful effects of methane on 
the biosphere are reduced. Keeping manure and waste in a confined area and processing in the digester 
reduces the amount of pollutants in the immediate environment and increases sanitation. Households no 
longer need to extract wood for cooking, hence can reduce deforestation levels where people heavily rely 
on wood fuel. The sludge remaining after digestion is a good fertilizer, increasing land productivity (and 
farm incomes). The release of methane is avoided thus contributing to climate mitigation. A single, small 
scale bio digester reduces between 3 and 5 tCO2-eq/year. 
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Overview 
Over the past few decades, Sudan’s energy profile has evolved significantly, and the demand for energy has 

significantly multiplied to the extent that the gap between the production and demand has started to rapidly widen. 
Population growth and urban spread in the main towns has tremendously increased as a result of improved economic 
activities, and enhanced infrastructure including electricity supply and communication/media systems. As a 
consequence, the growth in demand for energy has surpassed the supply in term of quantities and energy type. Biomass 
in the form of firewood and charcoal consistently accounts for the largest share of primary energy supply in Sudan, at 
almost 60%. This use of firewood and charcoal is unsustainable and is contributing to the very high level of 
deforestation in Sudan. However, this can be quite quickly changed by switching to other available and presently 
relatively unutilized biomass forms, and production of biogas from anaerobic digesters can play a significant role in 
this. 

Biogas from anaerobic digestion is a potentially major source of energy in regions where housed livestock and 
other feedstock materials are present, and where the other conventional sources of energy (e.g. LPG and electricity) 
are not readily available. Installation of smaller-scale household biogas digesters is advanced in some African 
countries, with Kenya, Ethiopia, Cameroon and Uganda being among these. The driving priorities are similar to those 
in Sudan: reduction of deforestation, utilization of animal manures and food waste, reducing the negative 
health impacts of smoke in the kitchen or cooking area particularly on women, and capturing the benefits of better 
health and more time available for other economic activities. 

The biogas technology is considered as an ancient technique, which was introduced to Sudan beginning in the 
1970s, and its development was driven by the activities and experiments in the laboratories of research centers and 
colleges and at various universities, and units were successively set up thereafter at different times and places. These 
included homes, schools, camps, hospitals and prisons, for the purpose of cooking, lighting, cooling, and for operation 
of internal combustion engines (ICEs). Despite the research and investment in Sudan in the field of biogas production, 
the initial installations were not entirely satisfactory, with a diminishing of the number of units established in recent 
years for different reasons: technical problems (especially in the operation), gas storage, maintenance and after sales 
services; the high initial cost of biogas digesters, especially for households; lack of knowledge on the technology – 
despite the efforts of some national NGOs on promoting the technology, its uses and products; and absence of a 
business model that suited different market segments.  

The objective of this work is to present a developed business model of anaerobic digestion of the wet organic 
waste forms of biomass that are sustainably and economically available at the household level. The main products of 
this anaerobic digestion process are biogas, which is a combustible gas consisting primarily of methane and carbon 
dioxide, and the digestate, which is the decomposed substrate after the anaerobic digestion process.  

Methods 
This work is a proof-of-concept project that aimed to gain experience in technology, economy and management-
related issues of a  newly-developed,  mobile biogas technology that includes a biogas storage container, which allows 
surplus biogas produced from a system to be shared with or sold to other households. This biogas system is a low-tech 
plug flow system for the production of biogas as cooking fuel for household. It consists of a 2 m3 to 3.5 m3 flexible 
bag connected to an inlet at one end, an overflow or digestate outlet pipe at the other end, and a gas outlet in the upper 
surface. The digester is placed inside a greenhouse or shadehouse for protection, and solar heating in winter with the 
anaerobic digester comes with a separate gas storage bag which is filled through pressure equalization. It can be easily 
carried and connected to the cooking stove. The gas is forced out of the portable gas storage by weighting it using 
some form of external loading. The digestate produced, is for use as a fertilizer in home gardening. The figure below 
shows the business model that introduced to the household.�

�������� � � � � � � � � �������������������������������������������������� �
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The social business model for digester user 
   

Results   
The use of biogas in this project as a cooking fuel has replaced the use of firewood and charcoal in the household. 

The principal listed benefits and impacts below not only refer to the implementation of this pilot project, but also to 
the long-term effects of a larger scale implementation of this concept.   

1. Using of biogas as a cooking fuel replaced the use of firewood and charcoal. Thus, reduced the workload 
of women and girls to collect wood “which also consume time”; and reduced time spent in cooking. 
These reduced the burden on women to do household chores and gives them time to focus on other 
economically productive activities.  

2. Cooking with biogas significantly reduced indoor air pollution, and relatively lower emissions levels, 
which will have a direct positive impact on health by reducing the risk of respiratory diseases caused by 
indoor air pollution due to smoke from open fires. 

3. The digestate residue “bio-slurry” produced is a natural fertilizer for agriculture and home gardens. It 
improved the growth of crops and vegetables for consumption (so added food security) and sale (so 
generation of additional income). 

4. With a short pay-back period, users of biogas will have access to a free and clean source of energy for 
the remaining lifespan of the technology. In households where fuel for cooking is purchased, the 
household will save this money. 

Conclusions 
Sudan shares some significant common factors with many other countries which have developed a significant 

energy production using biogas from anaerobic digestion. These common factors include: the high volume of 
putrescible wastes produced by different communities and industries, the daily struggle of women and children to 
collect wood for cooking in rural areas, the large numbers of rural villages and small cites which are without access 
to LPG and are not connected to the main electricity grid, the high deforestation rate due to cutting wood for fuel, and 
the thousands of graduates who could be gainfully employed in developing this option, and who presently do not have 
jobs or who are working in menial jobs paying low income. Sudan can be counted as one of those countries which 
have abundant sources for biogas production and where this technology can have a great contribution in solving energy 
problems in rural areas and within the country generally. The mobile biogas system introduced in this project has 
proved elsewhere its viability for use by rural women. Also demonstrated elsewhere is that the use of biogas digesters 
means significant savings in time and money previously required to get cooking fuel, and that they empower rural 
women through the use of biogas for clean cooking, and the sale of surplus biogas  to other households in the 
neighbourhood, as well as improving the crop productivity in home gardens. Overall, it has been shown that this use 
of household anaerobic digesters can help build a profitable, sustainable and inclusive cooking energy sector that helps 
people, planet and economy to thrive. The installation of biogas systems for producing clean cooking fuel contributes 
directly to many of the UN Sustainable Development Goals, including those directed at achieving no poverty, zero 
hunger, good health and well-being, gender equality, decent work and economic growth, and climate action. But, 
foremost among the SDGs, sustainable biogas production will significantly support the just and inclusive energy 
transition.  
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Overview 
Access to affordable and clean energy is considered essential for development and is part of the 17 Sustainable De-
velopment Goal. As such, it is measured and monitored in the SDG7 Tracking report, jointly issued by the SDG7 
custodians1. The current status is mixed. Access to electricity, indicator 7.1.1 rose markedly between 2010 and 2020, 
from 83 percent to 91 percent (SDG Tracking 2022). Last year contributed less to this gain than earlier years. The 
SDG7 Tracking report projects, that at current rates of progress, the world will reach only 92 percent electrification 
by 2030.  
The impact of energy access on development, though intuitively understood, is hard to measure, as is its impact on 
more and better jobs. The literature to this regards is scarce and inconclusive, and the few empirical results show, 
depending on the measurement method positive to neutral effects. Increasingly the literature agrees that mere connec-
tion of a village or a household to a grid or mini-grid will not automatically lead to large development effects.  
The WBG has developed a Multi-Tier-Framework (MTF) based on household surveys, providing a detailed picture 
of the quality of energy, the affordability, health aspects and energy use for household appliances, public services and 
economic activities, including questions regarding productive use.  
This paper uses the respective data set to analyze how the probability of taking up non-agrarian economic activity is 
influenced by access to electricity. It follows an idea by (Khurana and Sangita 2022), and extends it to estimating the 
probability not only to take on non-agragrian activities, but specific economic activities in different sectors. In the 
case of Nigeria, for instance, the probability to work in a self employed non-farm business, is less strongly influenced 
by energy access than the probability to work in salaried non-farm businesses as an employee. Hence electricity access 
seems to enhance the quality of jobs, too. Also, regressing revenues from said economic activities or incomes, energy 
access in the Nigerian case shows positive and significant parameters. The model is set for the Nigerian case study, 
but the analysis is currently extended to more African states, such as Niger, Zambia and Kenya, As comparison can 
Nepal and Honduras serve, for which the extended survey data already have been published.  
Taking household characteristics, energy access, land ownership and access to loans into the estimation helps identify 
entry points for policy support of productive use of energy to make energy access a true contributor to development 
and growth.  

Methods 
Access to clean and affordable energy needs an indicator to monitor progress and include it in impact analysis of 
developing policies. The IEA defines energy access as "a household having reliable and affordable access to both 
clean cooking facilities and to electricity, which is enough to supply a basic bundle of energy services initially, and 
then an increasing level of electricity over time to reach the regional average". A basic bundle of energy services 
means, at a minimum, several lightbulbs, task lighting (such as a flashlight), phone charging and a radio.  
The WHO and the World Bank have developed a more finely grained approach, acknowledging that more granular 
household energy data can facilitate energy policy analysis and energy infrastructure (Bhatia and Angelou 2015). For 
energy access to contribute to development, energy supply must be reliable and suffice for productive engagements 
and community facilities. Hence, data collection for this multi-tier framework (MTF)2 based on additional questions 
to be integrated in national household surveys (SDG7 Custodians 2022) supports analysis on access to energy, produc-
tive engagements, income, productivity, and employment.  
In the following, this dataset is used to identify the probability of an individual participating in entrepreneurial activity 
as dependent on various factors following(Nagler and Naude 2016) or later (Khurana and Sangita 2022). (Nagler and 

 
1 IEA, IRENA, the United Nations Statistics Division, the World Bank and the WHO 
2 Access to energy for community infrastructure (such as schools, health facilities, and government offices) can lead 
to substantial improvements in service delivery, human capital, and governance. The MTF specifies this in a chapter 
on Access to Energy for Productive Engagements Productive uses. They are defined as uses that increase income or 
productivity and can be seen as value-adding activities. The country reports published thus far can be found under 
(https://mtfenergyaccess.esmap.org/publications) for Cambodia, Ethiopia, Myanmar, Nepal, Rwanda, São Tomé and 
Príncipe and Zambia. 
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Naude 2016) apply discrete choice, selection model and panel data estimators to data from the Living Standards Meas-
urement Study—Integrated Surveys on Agriculture from Ethiopia, Niger, Nigeria, Malawi, Tanzania, and Uganda, 
this paper uses the MTF data collection in North-West Nigeria occurred from September 2017 to March 2018 (ESMAP 
2018) A total of 3,668 households (1,833 in rural and 1,835 in urban areas) are equally split between urban and rural 
areas, from all the seven states of the North-West Nigeria. North-West Nigeria is one out of six geopolitical zones in 
the country with both economic development and access to energy lower than those in southern zones of Nigeria 
(World Bank 2019).  
Occupational choice is reflected in three categorial variables, the binary variable non-farm-act, the variable occ with 
7 occupational categories and an 8th category of students, pensionists and unemployed, and the variable ind, indicating 
in which industry the occupational choice is realized. Assets, household incomes, education, family size, access to 
credit markets, are factors earlier authors established as enablers of non-farm business enterprises in various studies 
across the developing world. We estimate the binary choice to take on a non-farm business as a logit model, then the 
specification of particular choice and the economic activity as multinominal logit models, estimating how the set of 
explanatory variables – with energy access as one of them – affect the probability of becoming active in a certain 
business field.  
From the binary choice model (case 1), we find for rural non-farm activities that education level increases the proba-
bility of entering a non-farm business activity, decreases with age, decreases when the individual only has access to 
informal loans from family or friends and is higher with energy access. The latter however, is only barely significant 
at the 90% level. Turning to the multinominal logistic regression of occ, the occupation “Self-employed in agriculture 
and livestock” is used as the baseoutcome. Explaining variables are the same as in case 1, with energy access being 
significant at the 99% level and positive for selecting Self-Employed Non Farm Business enterprise, and Self-Em-
ployed Non-farm Independent contractor, technician, professional etc. as an occupation over Self-employed in agri-
culture and livestock. 
Looking at the choice of economic activity, access positively and significantly affects the probability to go into hand-
icrafts, shops, or mobile phone services.For instance, the probability for entering manufacturing, decreases with age, 
increases with energy access is not significantly influenced by the formal aspects of loans. The full paper will contain 
the estimation results and the respective goodness of fit measures. 
Lastly, we estimate the effect of energy access, occupational choice and industry on the natural logarithm of incomes. 
Incomes increase with access, are higher in non-farm enterprises compared to subsistence farming (the variable occ 
is coded as 1 for Salaried Employee, Non-Farm, 5 for Self-Employed Agriculture and 10 for unemployed, retired, 
student and other occupations) and are not significantly increasing with industry.  

Conclusions 
Household survey data for Nigeria were analyzed to elicit the effect of energy access on the choice of economic 
activities in rural areas. The cross-sectional regressions show that the probability of taking on a non-farm activity is 
higher in areas with energy access. However, additional factors seem to play a role, such as education, age, asset 
ownership and access to formal loans. The analysis will be extended to three more African countries (Niger, Zambia 
and Kenya) to study similarities and differences and to infer enabling factors to fully exploit the possibilities of pro-
ductive use of energy for more and better jobs.  
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Abstract 

Regular electricity supply is essential for economic growth and wellbeing in a modern economy. In 
general, supply from electricity grid is the main source of power wherein the grid comprises of 
interconnected transmission and distribution networks for connecting electricity consumers to power 
plants. Supply must match the demand in the real-time for a reliable and regular electricity supply and 
in case of any discrepancy; system is managed by power cuts for certain set of consumers. Power cuts 
or supply disruptions are generally termed as power outages or load shedding and is quite common in 
Pakistan. The country has a long history of overlapped energy crises especially since 1980s that are 
stated as an outcome of inadequate planning and short-term policy choices. 

Outages are costly for consumers and firms and the cost generally increases with frequency and 
duration of power supply interruption. Economic theory suggests that consumers will go for alternate 
energy devices if cost of unmet electricity demand due to outages exceeds the cost of available backup 
energy source. Past crises weaken the perception of electricity consumers about the public utility’s 
capacity to timely and adequately plan and manage power supply. As a result, people choose among 
alternative back up options including uninterrupted power supply (UPS), natural gas or gasoline based 
electric generators and solar systems. This study finds the determinants of this choice based on the 
consumers perception regarding the power supply system. It uses a primary data collected from 952 
respondents in the twin cities of Islamabad and Rawalpindi, Pakistan. This study employs multinomial 
logistic regression to cater for the multicategory nature of our dependent variable i.e., backup choices. 
Multinomial logistic regression utilizes maximum likelihood estimation to compute the probability of 
categorical membership.  

The results show that house ownership has a positive and significant impact on the choice of electricity 
backup as it favors all the options as compared to the base category of no backup. Interestingly, the 
electricity theft and consumer satisfaction variables are detrimental to opting the solar technology. 
The UPS and small generator are more likely the choice if consumption is within the range of 300-
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700 units per month however, chances of solar system adoption increases if it exceeds 700 units per 
month. Education of the respondent is positively and significantly affecting the backup choice and for 
solar technology adoption, it is true only for university graduates. The findings have important policy 
implications. The transition towards the solar energy is mainly driven by the household strategy for 
maintaining energy backup therefore, it is pertinent to provide microfinance facilities. Moreover, the 
energy sector reforms need to be improved for efficient electricity supply system that help avoiding 
inefficient backup options. �

Results Table: Relative Risk Ratios for Backup Choices 

 Base: No Backup RRR-UPS RRR-Generator RRR-Solar panel 
Residential Status (Base: Rented House) 
Govt. Residence 2.74*** 2.28 8.66*** 
Own House 1.52*** 2.80*** 2.53*** 
Region (Base: Islamabad Rural) 
ISB Urban 1.49* 2.68** 1.70 
RWP Urban 1.75*** 3.42*** 1.51 
RWP Rural 0.16*** 0.001 0.64 
Employment Status (Base: Unemployed) 
Self-employed 1.63 1.08 0.54 
Govt. Employed 2.04** 0.56 1.58 
Informal Sector 1.22 0.40* 1.20 
Pvt. Employ 1.25 0.74 1.10 
Electricity Consumption (Base: Units<300) 
Units(300-700) 2.87*** 6.81*** 1.44 
Units(>700) 2.81 17.17** 11.01* 
Education (Base: Education<10) 
Edu(11-16) 1.99*** 2.18** 1.24 
Edu(>16) 5.33*** 4.33*** 4.11*** 
Gender (Base: Female) 
Male 0.58*** 0.99 1.18 
Monitoring 0.82 0.57** 1.03 
Theft 0.87 0.68** 0.55*** 
Consumer Satisfaction 0.94 0.87 0.48*** 
Family Size 1.02 1.03 1.10** 
Income 1.00** 1.00 1.00 
Intercept 0.80 0.59 1.13 
Observations=952 LR Chi2(57)=3017.32 Prob>Chi2=0.0000 Pseudo R2=0.1451 

�
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Overview

There has been a growing interest in global energy issues and the international policies needed to conserve 
energy, which is important for global economic growth and achieving sustainable development goals. Countries 
with different economic components seek to focus on specific sectors in order to direct the course of development in 
a way that is in line with current changes at the local and global levels. More than 40 percent of the world's 
population depends on biomass energy, which uses local resources and preserves traditional and primitive forms of 
energy, according to the OPEC Organization for International Development (OFID). Thus, energy poverty 
constitutes a fundamental challenge for transforming developing countries into developed ones.

There is a debate about the possibility that this poverty will have a significant negative impact on the 
development path, as energy poverty is an integral part of the overall factors of underdevelopment that surround 
underdeveloped societies. Therefore, it is important to investigate the impact of energy poverty on economic growth 
and the Sustainable Development Goals (SDGs) to provide advice and recommendations to developing countries on 
what to do in the future to balance economic growth and reduce energy poverty.

This paper investigates the impact of energy poverty on economic growth and the Sustainable Development 
Goals (SDGs) in developing countries. These countries witnessed various changes in the economy, consumption and 
production.The main study question is; How can people get out of energy poverty in line with the seventh goal of 
the Sustainable Development Goals (SDG)? Then followed by several questions: 1- What is energy and what is 
meant by energy poverty? 2- What is sustainable development, and what are its goals? 3- How important is energy 
for climate and sustainable development? 4- How can the seventh goal of the sustainable development goals be 
achieved? To achieve the study objectives, the study assumes that: 1-there is a strong and direct relationship 
between energy and poverty. 2- Renewable energy is essential in achieving indicators of sustainable development.

Methods

The methodology and this part consists of four procedures to obtain results showing the impact of energy poverty on 
economic growth and the Sustainable Development Goals (SDGs) in developing countries.

First: A questionnaire was designed to study energy poverty and the Sustainable Development Goals (SDGs) in 
developing countries. Second: The study chose a random sample from inside and outside the Kingdom, by 
distributing the questionnaire electronically. The responses reached (256) and they are distributed according to the 
variables of gender, academic degree, and type of job. Third, to verify the validity of the study tool represented in a 
questionnaire, the stability was calculated using the internal consistency method using the Cronbach's Alpha 
equation on the responses of the total study sample when analyzing the results. The following table shows the 
reliability analysis of the study scale, showing the values of the Cronbach's alpha coefficient for the study concepts.

Table 1: Cronbach's Alpha Analysis 

Reliability Statistics
Cronbach's Alpha N of Items

.915 17
Source: Authors calculations

Fourth, the statistical analysis of the degree of agreement using the statistical package for social sciences (SPSS). In 
order to interpret the results and find out how people can be lifted out of energy poverty, in line with the seventh 
goal of the Sustainable Development Goals. The following evaluation criteria were adopted: from 1 to 1.80 strongly 
disagree, from 1.81 to 2.60 disagree, from 2.61 to 3.40 neutral, from 3.41 to 4.20 agree, from 4.21 to 5.00 fully agree

The Economic Impact of Energy Poverty and Sustainable Development Goals (SDGs)
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Results
In order to answer the research questions, this paper presents the descriptive statistics for each variable. Table 2 
presents the calculated value, the arithmetic mean, standard deviations, and the significance of the calculated value.

Table 2: Descriptive Statistics

N Mean

Std. 

Deviation Indication

calculated 

value

The first question: Is there a strong and direct relationship between energy and poverty?

Access to energy is critical to reducing poverty� 256 4.4688 .61277 Fully agre �

Energy poverty negatively affects economic development in the 

short term

256 4.4531 .79072 Fully agre �

Decreased energy costs are a major part of the global energy 

landscape

256 4.5156 .73013 Fully agre '

Many countries still subsidize fossil fuels as a way to reduce costs 

to consumers

256 4.0938 .80623 Agre &�

Energy conservation efforts, mostly benefiting the wealthy who 

consume, and undermining, the poor�

256 4.4063 .74558 Fully agre &&

Recently, international public financial flows to developing 

countries to support clean energy have been declining�

256 4.0625 .88340 Fully agre &�

There must be a global effort to understand the needs of the very 

poor and vulnerable countries and how to address them�

256 4.5625 .82842 Fully agre 

Although the private sector finances most investments in 

renewable energy, public financing remains key to attracting 

private capital�

256 4.4062 .82545 Fully agre &�

Billions in low- and middle-income countries still do not have 

access to clean fuels�

256 4.4531 .77063 Fully agre &�

The second question: Is renewable energy necessary in achieving sustainable development indicators?�

Renewable energy is playing an increasingly important role in 

helping countries develop modern and secure energy systems�

256 4.6406 .64758 Fully agre &

Disruptive technologies such as smart grids, smart meters, and 

geospatial data systems have improved energy planning�

256 4.5000 .66273 Fully agre 5

Clean energy protects organisms of all kinds, especially 

endangered organisms�

256 4.3906 .84235 Fully agre &

The use of clean energy limits the formation and accumulation of 

solid, liquid and gaseous wastes�

256 4.4844 .81153 Fully agre �

The level of financing remains below what is required to achieve 

SDG 7, especially in the least developed countries�

256 4.5000 .73030 Fully agre �

International public flows to countries that lack financial resources 

to support energy transitions constitute a large part of international 

cooperation�

256 4.2969 .78575 Fully agre &�

Energy is central to the development process� 256 4.6250 .62622 Fully agre �

Low-cost electricity generated from renewable sources can 

provide large proportions of the world's total electricity supply�

256 4.3906 .80425 Fully agre &'

Valid N (listwise) 256
Source: Authors calculations
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From the previous table, the following can be concluded:
1- The estimates of the study sample are in the field of the strong and direct relationship between energy and
poverty. She strongly agreed with all items of the question except for the paragraph (many countries still subsidize
fossil fuels as a way to reduce costs for consumers). She agreed. The arithmetic mean ranged between (4.56-4.06).
2- The sample's estimates in the field of renewable energy being necessary in achieving sustainable development
indicators were strongly agreed on all items, where the arithmetic mean ranged between (4.64 -4.29.
The analysis of the basic data of the study hypotheses: A one-sample test was used to analyze the study data and
answer its questions.

Discussion Results
The finding shows that the level of statistical significance is equal to (0.000), which confirms that the factors 
mentioned for the first and second questions are statistically significant.�
Overall, the results showed that there is a strong and direct relationship between energy and poverty, according 
to the results of the study sample. Which means that the higher the energy, the lower the poverty rate. She also 
explained that renewable energy is essential in achieving indicators of sustainable development, despite the high 
costs of its production compared to fossil energy and the difficulty of expanding its use, as its positive role in 
combating environmental pollution and diversifying sources of energy consumption. 

Conclusions
This paper tested the impact of energy poverty on economic growth and the Sustainable Development Goals (SDGs) 
in developing countries. Based on the findings of the study, it recommends the following:

-Renewable energy resources that are common to all should be invested, with the aim of achieving a green economy,
through energy conservation
- Necessarily protecting renewable energy from waste and protecting fossil energy from depletion.
- Protecting the environment from pollution, especially in the oil-producing countries, and preserving the financial
resources to combat the environment from pollution.
- Environmental culture should be given great importance in the educational and cognitive aspects.
- Seeking the concept of creativity that puts scientific skills and expertise in the development of the renewable
energy industry, with the aim of transforming scientific and laboratory knowledge into a tangible reality that can be
invested in an optimal way.
- There should be a global effort to understand the needs of the very poor and vulnerable countries and how to
address them.
- Developed economies should play an active role in Africa and avoid a slow energy transition that causes Africa to
lag behind global markets and miss emissions reduction targets.
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Overview 
In this paper we aim to identify the important socio-economic, geographic, and demographic factors at the individual, 
household, and community level, that affect the access and adoption of solar home system (SHS) in rural Bangladesh. 
Our study has two major parts of analysis. In the first part, we identify different factors that determine the SHS 
adoption of households. For this part of the research, households’ several individual-level and socio-economic factors’ 
information such as their income, education, age, access to other sources of electricity, access to credit, number of 
household members, neighbors’ access to SHS, way of obtaining SHS, reasons for not getting SHS, and information 
on many other important factors were collected through a questionnaire survey. For the second part of our study, we 
explore various economic and social impacts of SHS adoption on households in rural Bangladesh. Among others, 
some important socio-economic aspects in this part of our analysis include education and health, economic 
opportunities, and the living standard of impoverished rural households. 

Methods 
To attain the research objectives, in this paper, we have incorporated both quantitative and qualitative techniques. For 
the quantitative part, utilizing a primary questionnaire-survey dataset, we have applied the random utility model for 
discrete choice decision-making, based on the Probit Binary Response regression method. Besides the empirical 
analysis, the qualitative part of the paper helped us obtain an in-depth picture of SHS's current scenario in rural areas 
by finding out the nature and causes of SHS adoption, socio-economic impacts of SHS, and SHS's future development 
in Bangladesh. 

Our questionnaire survey for this study included 500 households (one respondent from each household). To 
see if the SHS barriers vary across different geographical regions of Bangladesh, our study areas include coastal off-
grid villages, char (small island) and haor (wetland) areas, and impoverished northwestern regions of the country. 
The survey area includes villages where the SHS program has been implemented by POs and comparable non-project 
regions that do not have access to SHS. The respondents were randomly selected from both with-SHS and without-
SHS groups of households, upon consultation with the Union Parishad (local government) offices. The households 
with and without SHS might have unobserved attributes that can contribute to their being in the specific group, which 
can give rise to classic endogeneity issues and might lead to biased estimation results. However, our study's random 
selection of households ensures that the unobservable factors or characteristics of households with and without-SHS 
are not correlated with the covariates included in our estimation process. In other words, the random selection followed 
in this paper makes the two groups of households (with and without SHS) as comparable as possible, which can 
significantly reduce the selection bias. Our primary survey respondents are divided along the line of gender, income 
groups, and ethnicity in the selected regions. 

The qualitative part of this paper utilizes a number of qualitative data collection tools such as key informant 
interviews (KIIs), Focus Group Discussions (FGDs), and case studies conducted alongside the primary questionnaire 
survey to gather further insights into the factors influencing SHS adoption decisions and impacts of SHS in rural 
Bangladesh. A total of four Key Informant Interviews (KIIs) and four Focus Group Discussions (FGDs) have been 
conducted as part of the study. In addition, eight real-life case-studies have been collected to better understand the 
barriers and motivations as well as the impacts of SHS on households and communities. The KIIs were carried out 
among households from different socio-economic strata, providers of SHS, officials from NGOs who are involved in 
the distribution and maintenance of SHS, and other stakeholders. Each FGD ensured the participation of 20 to 25 
individuals, with a considerable number of women in each group. Besides, an enabling environment was created to 
ensure marginalized and impoverished citizens' participation in the FGDs. By combining qualitative and quantitative 
methods, we obtained an in-depth picture of SHS's current scenario in rural Bangladesh. These also helped us highlight 
the existing barriers to SHS adoption and SHS's future development in Bangladesh.  Moreover, the eight case studies 
collected from the field have helped us further understand the experiences of SHS users in installing SHS, effects on 
their households, and reasons for not obtaining SHS for the non-users.  
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Results 
Our results suggest that the households from the char-areas and coastal areas are more likely (by 29 percent and 10 
percent respectively) to obtain SHS compared to other areas. Also, access to SHS credit increases the adoption 
likelihood by 35.5 percent, and it is statistically significant. Other factors significantly affecting the household's 
decision to adopt SHS in Bangladesh include household habitat, household size, primary occupation, education level, 
and asset value. Finding that financial constraint in one of the most important factors hindering the household level 
SHS adoption, we also investigate determinants and barriers of obtaining credit-access for purchasing and installing 
SHS. Access to SHS-credit was found to depend on the household's primary occupation, NGO activity, and income 
groups. Households informed about the SHS by NGOs are, on average, 40.3 percent more likely to get credit-access 
for purchasing SHS than households informed by their neighbors or relatives. Being from char and coastal areas 
increases the likelihood of receiving SHS credit by 18.4 percent and 19.7 percent, respectively. Additionally, if the 
household heads primary occupation is agriculture, the household is 26 percent more likely to receive the SHS credit 
compared to other households. However, years of schooling, and being from low-income groups negatively affect the 
possibility of obtaining SHS-credit. Interestingly, we find that the total asset and land ownership value do not play 
any important and statistically significant role in getting SHS loans. 

Conclusions 
This study finds households’ habitat location (from char or coastal area), their primary occupation 

(agriculture or non-agriculture), having livestock asset, total asset ownership, household size, having school-going 
children in the household, and the type of habitat (kacha or paka) play statistically significant and positive roles in the 
SHS-adoption decision of households. On the other hand, total land ownership and way of being informed about the 
SHS (from NGO vs from neighbors-relatives), are significantly and negatively related to household SHS adoption 
decision. Having access to credit is a significant determinant of adopting SHS because of the high upfront cost of the 
SHS installation. Hence, we explore factors that can improve or deter households from obtaining loans for purchasing 
SHS. 

The majority of the households, both from the with-SHS and without-SHS groups, agree that access to SHS 
has improved or would improve their standard of living. Most households surveyed in our study agree that having 
SHS at home improves the education and health facilities. The majority of the households in our study also do believe 
that access to SHS has improved local infrastructure and has created more business opportunities. 
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Overview 
Empirical studies looking at energy interdependence and conflict treat the marginal effect of a unit increase in 
interdependence on the probability of conflict onset the same as a unit decrease on the probability of conflict onset. 
However, anecdotal evidence suggests that the effect of changes in the level of interdependence may be asymmetric. 
Diversification of resources, the influx of alternative renewable energy and/or exploration of an own resources may 
allow an importing state to sustain cordial relations with its supplier even when the level energy trade subsides 
between them. The secondary institutional ties formed during increased levels of trade between the two countries 
further underpins sustained peaceful relations within the dyad during periods of declined trade. Accordingly, we 
expect that a country's increasing dependence on an exporter will decrease the likelihood of militarized interstate 
dispute (MID) initiation between the two countries, but a decrease in such dependence will not necessarily have an 
increasing effect on the likelihood of MID initiation. Our nonlinear autoregressive distributed lag (NARDL) model 
developed by Shin et al. (2014) confirm our expectations. 

Methods 

We test our hypotheses in the context of how United States interacts with its energy suppliers in the realm of foreign 
policy. Towards this end, we employ the nonlinear autoregressive distributed lag (NARDL) model developed by 
Shin et al. (2014) to investigate the cointegrating relationships and asymmetric interactions between the variables. 
This model is an extension of the linear ARDL model (Pesaran et al., 2001; Pesaran and Shin, 1998). The 
performance of the ARDL models is very strong for small sample size works (Pesaran and Shin, 1998; Pesaran et 
al., 2001; Shin et al., 2014). The NARDL model does not require that the variables have the same integration order. 
Unlike other counterpart models (e.g. vector error correction model (VECM)), the integration orders of the variables 
could be a mixture of I (0) and I (1). The use of this novel method enables us to distinguish between short- and long-
term effects of various measures of energy dependence on the likelihood of a militarized intersate dispute onset and 
on the level of foreign policy preference similarity between the U.S. and its energy suppliers. 

Results 
Our results indeed indicate that energy trade’s effect on interstate relations is not symmetric. More specifically, 
increasing levels of energy trade with the U.S. makes suppliers more cordial with the U.S. However, decreasing levels 
of energy trade between the U.S. and its suppliers does not lead to more conflictual relations Robustness checks with 
alternative measures of foreign policy preference similarity confirms our results. .  

Conclusions 
A more solid understanding of the causes of this asymmetry will improve our understanding on how energy trade 
shapes intersate relations beyond immediate economic means. One possibility could be that energy trade constitutes a 
springboard for further institutional cooperation between the U.S. and its suppliers. That such trade leads to further 
business ties, hence political interests to keep relations cordial in the longer term is another possibility. Our findings 
also have implications for international relations literature more generally. More specifically, these findings call for 
revisting the conceptual links on how interdependence shapes states see each other. Policy-wise, we should also note 
that even short-term improvements in energy trade may lay the foundation for longer-term peaceful relations.    
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Overview 
Even before the Russian-Ukrainian conflict began in early 2022, the world was drifting towards a potential 

energy crisis. Balances of both oil and gas were tightening, as shifting investor preferences, an uncertain and uneven 
pandemic recovery, supply-chain bottlenecks, and other factors limited the responsiveness of oil and gas supply to 
price signals as demand creeped back to pre-pandemic levels. The conflict exacerbated this tightness. Much of the 
world is racing to reimagine their global energy supply chains to align with shifting geopolitical realities. Because 
incremental supply will not arrive overnight, prices are rising to unprecedented levels, challenging both oil and gas 
security on the grounds of not only affordability but availability.  

The world is currently enduring a multi-layered, protracted energy crisis that will have serious ramifications for 
the 21 economies that comprise the Asia Pacific Economic Cooperation (APEC) forum. APEC member economies 
account for 60% of oil demand, over half of global gas demand and almost two-thirds of LNG imports. The reality 
of higher oil and gas prices and the potential for acute shortages over the next several years could inflict devastating 
hardship on the APEC economies and derail their recovery from the pandemic.  

According to the Carbon Neutrality scenario of the 8th APEC Energy Demand and Supply Outlook, the APEC 
region will continue to rely on oil and gas throughout this decade even if it embarks on a path to carbon neutrality. 
While lower oil and gas supply requirements will reduce the impact of oil and gas supply disruptions throughout the 
2020s, reliance on oil and gas will continue to make them susceptible to oil and gas disruptions.  

However, APEC members still possess the ability to soften the impact of the crisis. In addition to vast oil and 
gas resources, some APEC members are adept at initiating and sustaining demand response measures during energy 
shortages, and others have illustrated a history of cooperating to reduce the impact of previous supply disruptions 
through measures like collective oil stockpile releases and LNG re-exports. 

This paper identifies several actions that APEC members could take to reduce the cost of supply disruptions and 
improve oil and gas security in the short term. These actions are centered around reducing supply requirements, 
increasing the own-price elasticity of both supply and demand, and mitigating the impact of supply disruptions with 
storage. Some of the recommendations are prescriptive, while other are descriptive case studies based on the actions 
that member economies have already taken.  

Methods 
 

The framework for analysis is based on the principal that the cost of an oil and gas supply disruption to an 
economy (cost of disruption f) can be conceptualized as a function of that fuel’s share of total primary energy supply 
(Sf), the fuel’s own-use price elasticity of demand (�d), the fuel’s own-use price elasticity of supply (�s), the import 
dependence of the fuel (If), and the amount of stockpiles of the fuel (Rf): 

� !"A 0A/1!%&'"1 2í � 0<Wí� Èv� Èm� �íe Tí? 
This is a general, theoretical framework, and not meant to measure the exact cost of disruption, but rather as a 
framework to identify routes to reducing the cost of the current energy crisis on APEC member economies. 

The paper will mostly focus on actions that either increase the elasticity of demand and supply or increase the 
use of oil and gas stockpiles. While this paper largely ignores the role of reducing import dependence through 
energy efficiency improvements, , increasing the elasticity of demand will serve the goal of reducing oil and gas 
demand, and in turn import dependence.  

Results 
 
Several actions to reduce the cost of oil and gas supply disruptions are studied, including, but not limited to: 

                                                                   

SHORT-TERM ACTIONS TO ADDRESS THE CURRENT OIL AND GAS CRISIS IN 
THE APEC REGION 

Christopher Doleman, Asia Pacific Energy Research Centre, +81-3-5144-8556, christopher.doleman@aperc.or.jp  
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� Japan’s use of conservation campaigns has successfully averted blackouts during periods of tight power 
supply following both the 2011 ����KÄ earthquake and two electricity shortages in 2022. Japan is hoping 
to mimic the success itself by rolling out a natural gas conservation campaign during the upcoming 
winter. Furthermore, this success can provide a useful framework for other APEC members to mimic to 
increase the elasticity of natural gas demand via lower city gas and electricity usage.  

� Several APEC LNG importers are embracing a gas-to-coal switch to reduce their exposure to high 
natural gas prices. Furthermore, Korea and Japan are working to integrate more nuclear energy into their 
fuel mix over the next few years via lifetime extensions and restarts. 

� Large industrial users in Europe are looking to reduce their gas via substitution. For example, refineries 
are substituting natural gas for LPG and naphtha, where possible. APEC members should investigate the 
potential for gas reductions.  

� Alleviating the material constraints facing integral inputs to the hydraulic fracturing process, particularly 
steel and cement, would enable service companies to respond more favourably to high price signals and 
encourage oil and gas producers to invest more of their record cash flows in production capacity. 
Furthermore, APEC members could use their strategic petroleum reserves to guarantee a market and 
price for oil producers and offset the uncertainty stemming from the potential deleterious market impacts 
of reducing oil usage en route to carbon neutrality. 

� A case study of Singapore’s use of chartering a floating storage and regasification unit (FSRU) and a 
floating storage unit (FSU) to increase its regasification capacity and its storage capability during a 
period of supply disruptions. 

� A case study of Singapore, Korea and Japan will illustrate how government intervention may be required 
to ensure that gencos and other large gas users have enough gas supply to meet their contractual 
obligations in times of significant disruption. 

� �����ð\��}��}���������È�������Ä�����������Ä����Ï����s is reducing the global supply of middle distillates 
as global demand continues to rebound from the pandemic. With refinery margins particularly elevated, 
it may be in the best interest of other APEC members to extend the life of existing refineries to mitigate 
the impact of this lower Chinese product supply. 

Conclusions 
 

This paper highlights several short-term actions that APEC members can take to reduce the cost of oil and gas 
supply disruptions. However, there may be limits or hurdles to executing these short-term actions. Further 
investment, not only in oil and gas supplies, but into the supply chains that enable these actions, may be required to 
enable further short-term mitigation measures through this and other energy crises. 
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Impact of the Global Energy Transition on Hydrocarbon Economies 
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P.O. Box 24885 Safat, 13109 Kuwait 
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Abstract 

So far, the focus has been on realizing policy, market, and technology requirements to facilitate energy 
transition toward decarbonization. However, little attention has been directed to the political economy 
and geopolitical impacts of the energy transition on net-exporting hydrocarbon countries to ensure an 
effective conflict-free global energy transition. Focusing on the Gulf Cooperation Council (GCC) 
countries as a case study, this paper analyzes the energy transition’s impact on their internal and external 
affairs. The adopted methodology in achieving the paper’s goal is as follows: reviewing the world 
energy supply historical trends for realizing energy security and transition; assessing the GCC region’s 
contribution to the global energy demand; utilizing Bertelsmann Transformation Index to analyze the 
GCC’s level of domestic socioeconomic and political stability under an energy transition scenario; 
examining the regional geopolitical events to infer the roles of the world’s major players in the GCC 
region. Concluded analysis implies that the oil and gas sectors are well rooted within the global 
economy. Hence, they will continue to be a major part of the energy system for several decades. Under 
a low oil demand environment, the GCC could maneuver to stabilize socio-political affairs given their 
well-established state’s power structure and sovereign wealth funds income. Furthermore, analysis 
shows that the current movement of the energy transition has opened the door for new major players in 
the GCC region. 
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Overview 
To achieve a global net zero outcome, a wide array of technical and resource challenges must be overcome. No 

single technological constraint  provides a path forward, but instead, a broad and difficult set of challenges must be 
addressed. Drawing upon work from a two-year assessment by the Energy Policy Research Foundation, Inc. 
(EPRINC) analysis team, the paper examines a broad array of technical constraints, cost risks, and likely failure modes 
in proceeding with a worldwide energy transition over the next 30 years. Solving a long list of technical challenges 
across a broad range of energy systems and fuel use and then scaling the solutions worldwide presents formidable 
challenges largely unappreciated within the technologically advanced OECD. The technical and scale challenges are 
are not well understood. The net zero does not require solving a technical challenges to achieve a narrow and specific 
objective, but instead, broad solutions and technical breakthroughs are required across the entire energy system. The 
scale challenge is best described by Mark Mills in his book The Cloud Revolution;  “The energy transition is not like 
putting a man on the moon. It is more like putting all of humanity on the moon�permanently�� 

Methods 
Achieving deep decarbonization requires rapid cost reductions in zero-carbon or negative-carbon technologies in 

all sectors of the economy. Private sector companies, NGOs, and intergovernmental organizations have presented 
widely different global cost estimates for transitioning to a net zero carbon emission (NZE) economy. The consulting 
firm McKinsery has estimated that worldwide 8 percent of GDP must be dedicated to the transition to achieve net zero 
worldwide by 2050.  The  EPRINC research indentifies regions with the most rapid requirements for energy use 
(including likely energy use from  population growth, economic expansion,and capital formation) over the next 30 
years. In the absence of massive and sustained decarbonization the developing world, even if the entire OECD achieves 
net zero carbon emissions, worldwide CO2 emissions in 2050 are likely to only be 20% less than in a range of reference 
scenarios. The research identifies the key technologies that must be developed and deployed along with their likely 
technical risks and cost constraints.  Land use requirements and and technology limits are evaluated to determine the 
capacity for deployment (technology readiness level) of net zero technologies.  

Results 
Cost and technology risks will see the world divided along two tracks. The first group of countries will 

consist primarily of the existing members of the Organization for Economic Cooperation and Development (OECD), 
a group of 38 high-income economies. Most OECD countries will stay committed to some degree of 
decarbonization despite escalating costs from high fuel and commodity prices, risks of an increasingly unreliable 
and vulnerable grid, political challenges, and continued dependence on foreign energy supply. By 2050, much of the 
OECD will make some and possiblhy significant progress in diversifying their energy mix, but the high energy 
growth regions will will remain largely reliant on hydrocarbons. This outcome also presents a wide array of new 
energy security risks for the developed world as critical minerals and materials needed for the transiton will largely 
be sourced outside the OECD.  

Conclusions 
The two speeds of transition will leave the OECD countries in a disadvantaged position while strengthening 

the relative power position of non-OECD countries. The combined GDP of the OECD will have nearly doubled in 
real terms by 2050, but the non-OECD economies will have almost tripled in size during that period. The total share 
of the existing OECD countries will have decreased from 44% to less than a third of the global economy by 2050. In 
this scenario, non-OECD countries will extend their energy technology dominance to more high-value technology 
components while tightening their grip on conventional energy supplies. Even with unsatisfactory progress and 
compromised energy security systems, experience dating back to the Kyoto Protocol suggests that OECD will 
continue with its aspirational goals. As shown in Figure xx, future responses to future challenges are likely to be the 
same as before: commitments to greater ambition but little change in emissions trend. 
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Figure: Relative Power Positions in a Two-Speed Transition 

 
Source: EPRINC analysis 
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Overview 
The paper is to argue that, while the US, EU and their partners managed to limit Russia's capacities to export its 

oil, the Arab monarchies of the Persian Gulf are not necessarily to only benefit from the situation. On the contrary, 
the changes caused by the transformation of the global oil market under the influence of the Putin’s war in Ukraine 
can bring certain challenges for them. 

 

Methods 
The analysis of the available statistical data on the oil production and trade; macroeconomic and fical indicators 

of the GCC countries; and the dinamics of their change. 

 

Results 
The Ukraine war moved the focus of international community from security of demand towards security of supply 

by making the Western countries see the GCC oil producers as potential replacement for Russia at the European energy 
market and beyond. In other words, the Ukrainian war presented the Gulf with a rare opportunity to enrich. High oil 
prices boosted by the Russian aggression against Ukraine not only replenish oil producers coffers emptied by COVID 
but positively affect their macroeconomic growth indicators. The necessity to leave Russia also makes the IOCs re-
consider their presence in the Gulf region promising more active interactions with the local NOCs.  

On the other hand, Moscow is trying to redirect its export flows to the Asian region, the traditional consumer 
market of the GCC countries. This, in turn, increases the intensity competition there: cheap, albeit toxic, Urals that is 
traded at the historical high discount has already attracted the attention of the Indian and Chinese consumers. The 
unwillingness of the Gulf producers to cooperate with oil consumers in order to slow down or even reverse the growth 
of oil prices makes the consumers seek for the alternative ways to change the situation in their favor. The range of 
potential responses is wide and it varies from the search for alternative suppliers outside of the Gulf to the adoption 
of the legislation negatively affecting the activities of the OPEC+.  

 

Conclusions 
The impact of the Ukrainian crisis on the domestic energy and economic security of the Gulf state is not as positive 

as in the case of their oil exports. The GCC economies have different level of tolerance towards the negative outfalls 
of the war such as rising fuel prices, high inflation rates and growing cost of inputs. Yet, even the least vulnerable 
economies such as that of Saudi Arabia or the UAE started to feel the negative pressure of rising fuel prices and energy 
cost. The high oil incomes also slow down the growth of nonoil sector of the Gulf economies and make them less 
interested in the implementation of diversification programs. In the long run, this impact will only be growing, 
potentially making the Gulf players to reconsider their market strategies. 

THE RUSSIAN INVASION OF UKRAINE AND THE INTERESTS OF THE GCC OIL 
PRODUCERS 

Nikolay Kozhanov, Gulf Studies Center, Qatar Universitry, n.a.kozhanov@gmail.com, +97431360872 
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Overview 
In Mexico, increased energy demand across different sectors is increasing dependence on energy imports, 

particularly refined petroleum products and natural gas. This is primarily driven by a decline in domestic energy 
production. The widening gap between energy demand and supply threatens Mexico’s energy security. This paper 
examines energy demand and supply growth, energy trade, and energy mix projections from the 8th edition of the 
APEC Energy Demand and Supply Outlook to identify energy security risks in Mexico.  

Methods 

The 8th Outlook modelling involves decomposing the APEC energy system into multiple subcomponents 
spanning demand sectors (such as industry, transport, and buildings), transformation (power, heat, and refining), and 
supply (production and trade). Demand sector modelling relies on estimates of output, energy efficiency, fuel 
switching rates, activity rates, technology diffusion, and multiple other variables. Calibration occurs via knowledge-
based iteration, particularly with economy-level experts. When demand is finalised, the power, heat, refining and 
supply, sector models deliver the required energy based on assumptions about fuel cost trajectories, and policy/market 
intervention. In the case of the power sector, a least cost model is deployed. However, cost-based decisions and 
assumptions are overridden if there is political backing for certain technologies or fuels that enhances their relative 
economic viability. There is frequent iteration of results, with extensive review and input from economy and energy 
experts to arrive at final energy demand, transformation, and supply results.  

The Reference (REF) scenario is based on recent trends in APEC energy consumption, production, and trade, 
and assumes continuation of currently enacted policies. The Carbon Neutrality (CN) scenario explores hypothetical 
pathways for each of the 21 APEC member economies to reach carbon neutral energy sectors. The Carbon Neutrality 
scenario (CN) explores additional energy sector transformations such as increased levels of energy efficiency, 
behavioural changes, fuel switching, and CCS deployment. The pathways are constructed based on the unique 
characteristics, policy objectives, and starting points of each economy. The CN scenario does not consider CO2 
emission sinks, such as land-use or technologies like direct air capture. 

 
Since President Lopez Obrador took office in December 2018, there have been policy changes that have 

affected the outcome of the energy reform and have led to a different oil and gas production path in Mexico. Therefore, 
a third scenario “Current Policies” will also be included in this study.  The results of Current Policies scenario are not 
yet available at the time of writing this abstract.  
 

Results 
Mexico is one of 21 economies that comprise the Asia Pacific Economic Cooperation (APEC) forum. It is the 

15th largest economy in the world and the seventh largest economy in the APEC region (World Bank 2020). Mexico’s 
gross domestic product (GDP) grew at a compound annual growth rate (CAGR) of 2.0% between 2000 and 2019, 
reaching USD 2 513 billion. Mexico has a population of 127 million people, it is the 11th most populated economy in 
the world, and the sixth most populated economy in the Asia Pacific Economic Cooperation (APEC) region.  

Oil  

In REF, crude oil production increases by 21% from 2020 to 2030. After 2030, production follows a declining 
trend that can be explained by a long-term decrease in global demand and a discontinuation of oil auctions. In CN, 
Production falls by 45% from 4 424 PJ in 2018 to 2 451 PJ in 2050. 

                                                                   

[ENERGY SECURITY IN MEXICO] 
 

Emily Medina, Asia Pacific Energy Research Centre, +52-1-999-968-1568, emily.medina@aperc.or.jp  
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In REF, the level of crude oil exports decreases at a CAGR of –1.2% from 2018-2050. In CN, crude oil exports 
fall by three-quarters from 2 765 PJ to 681 PJ for the same period. The fall in CN crude oil and natural gas liquids 
exports is much larger than the 42% fall that occurs in REF. 

In 2050, crude oil consumption in CN is 38% lower than in REF. The CN projects a phase-out of refined products 
for power generation by 2041. 

In REF, from 2030 to 2050, domestic refined production maintains a level of close to 2 200 PJ. Total refined 
products imports account for almost two-thirds of domestic consumption through most of the projection period. 

In CN, increased electrification in the transport sector significantly reduces the demand for refined products. By 
2050 in CN, transport sector consumption of refined products is only two-fifths of the level of consumption in REF. 
Transport sector consumption of refined products halves through to 2050 in CN. The falling demand means that almost 
all of Mexico’s demand for refined products is satisfied by its domestic refineries. Imports of refined products fall by 
95% through the projection period. Even with increased electrification in transport, reliance on refined products, such 
as gasoline and diesel, remains substantial through to 2050. In CN, the transport sector still consumes more than 1 150 
PJ of refined products in 2050. 

Gas  

In REF, Natural gas consumption in the power sector will more than double by 2050 with respect to 2018 levels. 
Industry consumes 68% more natural gas in 2050 than in 2018. By 2050, 83% of the 5 063 PJ of natural gas consumed 
in Mexico will be imported. 

 
In CN, natural gas consumption peaks in the 2020s before tapering to a level that is only one-third of the 

consumption level in REF: 1 789 PJ compared to 5 063 PJ in 2050. By 2050, the power sector only consumes a 38% 
share of natural gas in Mexico, whereas the share is 68% in REF. From 2018 to 2050, industry and buildings sector 
natural gas demand grow by 12% and 56%, respectively. 

 
In CN, natural gas production is 64% lower in 2050 than in REF. Most of the domestic demand for gas is met 

with imported gas (87%), coming mostly from the United States (90%). Even with the high import dependence, the 
energy content of natural gas imports is 2 650 PJ (63%) lower in 2050 than in REF. 
 
Conclusions 

Mexico’s oil production has been on a steady decline for the past decades. The REF scenario projects the 
largest increase in production. Nevertheless, even in this scenario it will still be insufficient to meet growing demand 
for refined products. As a result, oil exports are expected to decline in both scenarios. While at the same time, total 
refined product imports in REF will remain high, accounting for almost two thirds of domestic consumption and 
increasing Mexico’s oil import dependency.  
 

In CN, increased electrification in the transport sector reduces demand for refined products. Although fossil 
fuels still account for a large share of total primary energy supply, net oil import dependence is reduced.  
 

In terms of natural gas, Mexico has a high net import dependence that will further increase due to a rise in 
power and industry sector demand in both scenarios. In CN, natural gas imports reduce with new capacity additions 
of wind and solar generation.  
 

The Current Policy scenario seeks to provide an updated short- and long-term view of Mexico’s energy 
sector. It will consider the current policy approach of achieving energy self-sufficiency and increasing state influence 
and control over the energy sector. This paper will analyse how the current policies and market trends are affecting 
and will continue to affect energy security, and what future opportunities and challenges are likely.  
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Overview 
Seven of the member economies of the Asia Pacific Economic Cooperation (APEC) forum are located in 

Southeast Asia.1  In 2020, these economies had a population of 590 million and accounted for over 90% of the region’s 
energy use.  These seven economies are widely expected to achieve rapid economic growth over the next three 
decades.  Their energy use is also expected to grow rapidly.  Although most have committed to ambitious energy 
efficiency and decarbonization strategies, the APEC Energy Demand and Supply Outlook 8th edition (APEC Energy 
Outlook) projects their total energy requirements will still grow by 76-112% between 2020 and 2050.  In addition, 
their need for on oil and natural gas is also expected to remain substantial throughout the period.  Quantifying the 
energy security risks associated with their growing energy use and continued import dependence will be beneficial to 
these governments as they work to craft balanced policies to achieve simultaneously their economic, environmental, 
and energy security goals.   

This paper will quantify the costs of potential future oil and natural gas supply disruptions using estimated values 
of those key parameters that determine the economic costs of fuel supply disruption.  When weighted by the likelihood 
of future supply disruptions, economies in Southeast Asia can use these cost estimates to evaluate the benefits of 
programs designed to enhance energy security. 

Methods 
Energy security, resilience, and grid reliability refer to the provision over time of uninterrupted energy supplies 

to consumers at a reasonable cost regardless of supply disruptions caused by natural and man-made disasters.  Because 
modern economies demand substantial quantities of energy and that demand is relatively price inelastic, supply 
disruptions can impose substantial costs on an economy.  Depending on the characteristics of an economy’s energy 
system, changes in energy demand, import dependence, and the mix of energy types (fuels, electricity) can impair or 
enhance energy security, resilience, and grid reliability. 

The following formulation describes the key drivers of the costs of a supply disruption in fuel f to economy e: 

Cost = f ( Qf, If, Rf, Ed,e, Es,e, Ed,g, Es,g ), where:  

Qf   =  quantity of fuel f in in economy e 
If     =  quantity of fuel f  imported into economy e 
Rf   =  strategic reserve (stockpile) of fuel f 
Ed,e = demand price elasticity of fuel f in economy e 
Es,e =  supply price elasticity of fuel f in economy e 
Ed,g = global demand price elasticity of fuel f 
Es,g = global supply price elasticity of fuel f 
 

The APEC Energy Outlook provides estimates of the total consumption and import quantities of each fuel in each 
economy’s energy mix from 2020 – 2050 for two scenarios: a Reference (REF) case and a Carbon Neutrality (CN) 
case.  The Reference (REF) scenario is based on recent trends in APEC energy consumption, production, and trade, 
and assumes continuation of currently enacted policies. The Carbon Neutrality (CN) scenario explores hypothetical 
pathways for each of the 21 APEC member economies to reach carbon neutral energy sectors. The Carbon Neutrality 
scenario (CN) explores additional energy sector transformations such as increased levels of energy efficiency, higher 
investment in renewable power generation, behavioural changes, fuel switching, and CCS deployment. The pathways 

 
1 Brunei, Indonesia, Malaysia, Philippines, Singapore, Thailand, Viet Nam 
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are constructed based on the unique characteristics, policy objectives, and starting points of each economy. The CN 
scenario does not consider CO2 emission sinks, such as land-use or technologies like direct air capture. 

The estimates of own-price elasticities for each fuel will be based on literature reviews.  The strategic stockpile 
estimates will come from public sources.  

Results 
The seven APEC member economies in Southeast Asia are expected to be some of the most dynamic in the world 

over the next three decades. The APEC Energy Outlook calls for the aggregate GDP of this group to more than triple 
in real terms over the next 30 years (2018 USD PPP).  As a result, total primary energy requirements in these 
economies also exhibit substantial growth:  growing by 112% by 2050 in REF and by 76% in CN. 

Due to growth in energy demand, oil consumption in Southeast Asia is expected to remain substantial even if 
ambitious decarbonization policies are implemented.  Over the next 30 years, oil consumption is expected to grow by 
36% in REF.  In CN, oil consumption declines by only 17% from the 2020 level.  As a result of strong demand growth 
and declining indigenous oil production, the volume of net oil imports in Southeast Asia increases by 52% in REF and 
declines by only 5% in CN despite higher deployment of renewable power generation.  As a result, Southeast Asia is 
the only APEC region where oil import dependence increases: from 58% in 2020 to 74% in REF and 70% in CN. This 
high oil import dependence means that oil supply security will remain a top priority for Southeast Asia.   

In aggregate Southeast Asia is a net gas exporting, but starting in the mid-2020s, the region’s gas imports are 
expected to exceed its exports. The region’s transition from a net gas exporter to a gas importer brings new energy 
security risks. Over the next 30 years, Southeast Asia accounts for the second largest regional increase in net natural 
gas imports due to a decline in domestic gas production and fuel switching from coal to gas. The region goes from 
exporting 638 PJ in 2020 to importing 515 PJ in 2030. By 2050, imports increase an additional 10 000 PJ.  Even in 
CN, net gas imports in Southeast Asia follow an upward trajectory. In 2050, Southeast Asia natural gas import 
dependence is expected to be 61% and 55% in REF and CN, respectively. 

In addition, to continued dependence on oil and gas imports for substantial portions of its energy supply, the 
region’s energy system will become less diversified and more brittle as the share of renewable power generation 
grows.  The associated reduction in supply and demand elasticity will also raise the economic losses associated with 
oil and gas supply disruptions, if and when they occur. 

The estimated economic losses suffered by each of the seven APEC economies in Southeast Asia as a result of 
potential future oil and gas supply disruptions will be included in the final paper.   

Conclusions 
The rapid economic growth and surging energy demand in the seven largest Southeast Asia economies will raise 

serious energy security concerns.  The growing dependence on oil imports in REF and continued substantial oil import 
dependence in CN and the growing dependence on gas imports in both scenarios will increase energy security risks 
for the region.  When these factors are combined with reduced fuel diversity and lower supply and demand elasticities 
the vulnerability of the region to energy supply disruptions rises.  The quantification of the costs of future oil and gas 
supply disruptions will assist policymakers as they work to strike the appropriate balance among programs designed 
to achieve their goals of economic growth, environmental stewardship, and energy security. 
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Overview 

Natural gas is an important source in the energy mix of both advanced and emerging economies and a driver of 
industrial and economic development. The recent surge in prices worldwide comes against the belief emerged in recent 
years of the definitive advent of an era of low gas prices. This is likely to have substantial repercussions on the 
dynamics of development and on the welfare of many countries, particularly if they are large consumers and importers, 
as in the EU. While agencies and analysts are attributing the causes of the current energy crisis in the EU mainly to a 
temporary convergence of exogenous shocks, for example the post-covid economic recovery and the war in Ukraine, 
this article identifies also long-term structural and policy factors endogenous to the energy sector. This is done by 
exploring the causal relation between liberalization reforms and trends in gas supply in three major gas markets – UK, 
US, and EU. Through the lens of Transaction Cost Economics, the paper finds that domestic production of energy is 
a key factor determining the success of policies for market competition, price affordability and energy security. All 
the three cases show that although liberalization is effective for reducing prices in times of gas abundance, it causes 
the opposite effect in times of scarcity. This suggests that in contexts of domestic scarcity and high dependence from 
imports, such as in the EU, policy should contemplate the coexistence of models based on both market competition 
and vertical integration to take advantage from low spot prices in periods of international abundance and contain the 
surge in periods of scarcity. 

 

Methods 

The paper adopts the methodology of the comparative case study (see Collier, 1993; Dion, 2003; Flick, 2006; Yin, 
2009). The selection of the cases – UK, US, EU – follows Dion’s (2003) creteria, which suggest that cases should be 
selected based on similarities on the variables to control for and on differences in the variables under investigation. 
In this paper, the countries selected have all mature and large natural gas markets, while more importantly, their 
liberalization reforms are in a advanced stage (comparing to other relevant gas markets worldwide). The variable 
under investigation is how the effectiveness of liberalization reforms (associated with low domestic gas prices) 
changes at different levels of domestic supply, with the EU being characterised by domestic scarcity, the US by 
abundance, and the UK having transitioned from abundance to scarcity. 

 

Results 

The UK, US and EU cases suggest that in conditions of gas oversupply, liberalization policies can successfully achieve 
the objectives of enhancing market competition and reducing final prices. However, it is necessary to clearly define 
the causal relationship between the two key factors – abundance of gas and infrastructure in relation to liberalization 
policies – and their respective influence on price reduction. In fact, the abundance of gas is an essential condition for 
the virtuous functioning of a competitive market. Without it, there would be no room for new competitors to increase 
their market share at the expense of established companies by offering lower prices to consumers. 

 

Structural and policy drivers of the EU energy crisis: Exploring their nexus beyond current exogenous 
shocks  

                                                                   
Roberto Cardinale  

Department of Economics 
School of Business  

The American University in Cairo  
Roberto.cardinale@aucegypt.edu 
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Conclusions 

The current worldwide surge in natural gas prices is hitting mainly import dependent countries, first and foremost in 
the EU. This comes against the belief emerged in recent years of the definitive advent of an era of low energy prices, 
brought about by increasing market competition and diversification towards renewables. The current supply 
shortage seems to have caught the EU unprepared and still in a transition stage in its path towards a more 
competitive and green energy market, suggesting that reforming the energy sector in the EU cannot overlook one of 
its defining features: the persistence of a strong dependence from imports. Drawing from the experience of policy 
reforms adopted in the major world gas markets, the paper shows why liberalization is effective for reducing prices 
in periods of oversupply, while its benefits are offset in periods of shortage, such as the current one. The paper 
suggests immediate actions to overcome the current crisis and long-term policy directions to pursue price 
affordability and energy security 
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Overview 
WWII end called Europe for stability. The institution of the European Union (EU), followed by the advent of the 

euro roughly 20 years ago, are the best expressions of such will. Policies and regulations to boost the economy were 
set. The current consequences of the abrupt breach of the European continental security suggest that most of them 
were conceived assuming peace to hold the continent together. 

^��Ä������\����\Ä����������\�����%��������#*��������%��������������������\�����È���\����\�������������������
geoeconomic equilibria also highlights many drawbacks: reliance on politics and a complex spacial structure, affected 
by relatively high transportation costs, long-term contract implications and significant CapEx expenditures. These 
factors are now antagonist of a reliable and stable European gas network. 

The EU Directive 98/30/EC (quite as old as the euro) institutionalized the need for it. Measures implemented to 
avoid dominant detrimental market positions rather prioritized competitiveness, security and quality of supply. 
Breaching these principles affects several economic activities relying on gas, threatening: the strength and stability of 
�����Ä�������\Ä���\ð���}�\�����\�����,
�\������#*�����������������������������������Ä�����\��Ä���È�� �������Ä��È��
the second largest reserve currency in the world hit a 20-year low after Gazprom declared would shut down Nord 
Stream 1 pipeline! The importance of present events in contemporary and future energy geopolitics are the reasonable 
for this paper. 

 

Methods 
Correlations between data will be investigated: gas prices, import quotas, electricity and industrial heat production 

by energy source, currency fluctuations against energy prices, trade movements (pipelines and LNG), CapEx 
expenditures, storage and transportation costs. Statistics related to the EU of the last 30 years will be the benchmark 
for data analytics. The relative weight of each factor determining gas prices to be first ordinarily assessed, and then 
geopolitical disruptions to be accounted for. 

The severity of the unrest on the overall economy will be estimated by a parameter inferred from historical data 
during specific events (i.e. the EU agreement on the sixth sanctions package covering the import of crude oil from the 
Russian Federation that triggered the rally of the Dutch TTF Gas Futures). It will in turn be correlated to gas prices 
and exchange rates. 

 

Results 
Established correlations, a set of optimal and hypothetical data will be the new input for the model, based on an 

example of ideal reallocation of CapEx expenditures within the energy infrastructural network, accounting for: 
rerouting gas supply, enhanced cooperation with MENA and INOGATE exporters, strengthened LNG networks, 
enhanced hydrogen production, higher quotas of electricity produced from renewable resources. The competitive 
advantages observed in countries leading the green revolution, will be supposed to hold across the whole EU. The 
results of the model given the present real scenario will be compared against the same values for the suggested 
correction modelled scenario. They will provide prices patterns estimates for the nearby future. 

                                                                   

ON THE GEOPOLITICAL DISRUPTION OF THE EU NATURAL GAS MARKET:  
A CORRECTION MODEL 

Pierluigi Nichilo, dual degree Master of Science student in Mineral and Energy Economics at Colorado School of Mines and 
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Conclusions 
The geoeconomic spacial model will demonstrate that weaponizing implications of energy supply may be 

strategically bypassed, while consistently achieving objectives as monetary stability and environment preservation. 
The paper will contribute to the mission of the 44th IAEE international conference, showing that pathways to a clean, 
stable, and sustainable energy future are also the gateway to support geopolitical stability and social wealth. 
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Overview 

Each country should deal with the main priorities and challenges which are directly related to its own economic, social 
and geopolitical background. It is clear that climate change affects societies and the planet as a whole. Yet, the pace 
and effort each country is capable of to commit towards a sustainable future still varies significantly. Given that less 
than half of the African continent still lacks access to electricity, the pressing question is how can energy justice be 
realised to meaningfully and equitably contribute towards energy transition? With the energy transition debate closely 
aligned with emissions and decarbonisation targets there is an uncomfortable truth – supported by statistical data – of 
wide disparity in carbon emissions between the poorest nations and the ‘global north’, as well as the industrialising 
nations of Southeast Asia (Heil and Wodon1997; Chancel 2022). This is a key ethical challenge underlying the climate 
efforts of the annual Conference of the Parties (COP). Equally, energy security is a common concern on all nations as 
it affects both poor and rich economies, and is a key policy challenge for the ‘here and now’ The ongoing crisis in 
eastern Europe has demonstrated that energy security, understood as the availability of sufficient supplies at an 
affordable price (Yergin 2006), might well prevail over an energy transition, as demonstrated by EU policies and 
actions over recent months to reduce, and gradually replace its dependency on Russian natural gas supplies. However 
energy justice, conceptualised as the recognition of energy needs and the equal distribution of the benefits and burdens 
of energy systems (Sovacool 2014), might be a priority in developing nations with significant resources to be explored, 
with low-income nations most likely to depend on the development of these resources. These three competing concepts 
lead to the underlying questions of this paper (a) When does energy transition take priority? And (b) How can these 
competing interests be balanced? Energy transition is understood as a continuous unfolding of processes that gradually 
change the composition of sources used to generate heat, motion and light (Smil 2017).  

 

Methods 

This paper seeks to address these two questions using a comparativist case study approach comprised of a selection 
of key developed economies and low-income nations, to understand the range of conditions that prioritise energy 
transition policy. Drawing on comparativist social approach (Przeworski 1970) the analysis serves the purpose of 
presenting the competing interests nations face in the wake of accelerated energy transition policy agenda.  

 

Results 
The paper juxtaposes priorities against the interests at stake in, respectively, key developed economies and low-income 
countries. Drawing on Energy Transition (ETI) and Circular Carbon Economy (CCE)  indices and a selection of 
relevant open access data, the paper compares and contrasts economies with low scores in the ETI, i.e. Iran and 
Nigeria, which are also key petroleum producing nations, and key regional economies of the EU, as well as the United 
Kingdom, Brazil and Mexico. The utility of indices is, as demonstrated by the CCE model, two-fold:  
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(a) to measure and compare ‘strengths and weaknesses’ and progress underway so far (b) adopt best practice approach 
to comprehensively study a policy problem and understand the choices at hand (Luomi, Yilmaz, Alshehri and Howarth 
2021). Drawing on analysis of the data, the paper points out to key differences between groupings of nations which 
can be attributed to the type of economic path-dependence they exhibit. Consequently, nations leading on energy 
transition ‘preparedness’ tend to be developed economies with overall well-diversified energy security supply options. 
In contrast, the nations that rely heavily on fossil fuels-based economy, including through exports, tend to 
‘underperform’ on the energy transition front.   

 

Conclusions 

The paper systematically analyses the nation groupings’ priorities and the key challenges underpinning their 
economic, legal, social and geopolitical standing in order to generate key policy recommendations so as to better guide 
implementation of the energy transition. The paper provides a set of recommendations, drawn on  careful data analysis, 
which are policy oriented and seek to alleviate the dilemma posed by forces of transition, security, and justice in the 
context of energy. 
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Overview 
The Gulf states (i.e., Saudi Arabia, the United Arab Emirates, Kuwait, Qatar, Oman and Bahrain) and Japan have 
long been fostering cooperative hydrocarbon trade relations since the twentieth century (e.g., Abdullah & Al-
Tamimi, 2015; AlShamsi & Kandil, 2001; Al-Tamimi, 2013; Calabrese, 2009; Janardhan, 2021; Nakajima, 2015; 
Niblock & Malik, 2013; Sharif, 1986). Today, the Gulf states are the primary exporters of hydrocarbons to the 
Japanese economy (Agency for Natural Resources and Energy of Japan, 2021). However, the February 2022 
invasion of Ukraine by Russia, one of the world’s major oil and natural gas producers, contributed to disruption in 
the global hydrocarbon supply chain, affecting the Western and Eastern economies. In spite of this, little has been 
discussed regarding its impact on the hydrocarbon relations between the Gulf states and Japan. In this light, this 
research aims to fill the research gap by qualitatively and quantitatively examining the impact of the Russia-Ukraine 
war on Japan-Gulf hydrocarbon relations. Its main research question is: To what extent did the Russia-Ukraine war 
impact the Japan-Gulf hydrocarbon relations? 

 

Methods 
The research employs qualitative and quantitative analytical approaches to answer the above research question. 
These approaches include qualitative analysis of Japanese and Gulf governments’ responses to the Russia-Ukraine 
war, including Tokyo’s decision to release and sell Saudi and Emirati oil, domestically stockpiled in Japan under the 
Japan-Gulf joint oil storage projects since 2009, to stabilize its national energy earlier this year (Ministry of 
Economy, Trade and Industry of Japan, 2022). Moreover, the study conducts a comparative analysis of their 
hydrocarbon trade figures before and after the Russian invasion of Ukraine in February 2022 to quantitatively assess 
how the Russian invasion of Ukraine has impacted the hydrocarbon trade between Japan and the Gulf states. 

 

Results 
The study finds at least the following: 

1. The aforementioned Gulf oil, stockpiled domestically in Japan under the Japan-Gulf joint oil storage project, 
helped sustain Japan’s energy security amid the disruption in the global hydrocarbon supply chain caused 
partially by the Russian invasion of Ukraine. 

2. The Japan-Gulf hydrocarbon trade figures did not significantly fluctuate following the Russian invasion of 
Ukraine. 

 

Conclusions 
The impact of the Russia-Ukraine war on Japan-Gulf hydrocarbon relations is limited as the hydrocarbon flow 
between Japan and the Gulf states remained largely stable following the Russian invasion of Ukraine in February 
2022.  

                                                                   

JAPAN-GULF ENERGY RELATIONS: DISCUSSING THE IMPACT OF THE RUSSIA-
UKRAINE WAR 

Kazuto Matsuda, Gulf Studies Center, Qatar University, 
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Overview 
Reductions in emissions of carbon dioxide and other greenhouse gases (GHG) must be achieved in the coming 

decades to avoid catastrophic global temperature rises. Limiting global warming to within 1.5o C will require rapid, 
far-reaching, and unprecedented changes in all sectors. GHG emissions in Asia and the Pacific now account for over 
50% of the world’s total.  

Renewable energy technologies, considered one of the most effective ways to tackle climate change and global 
warming, have received increasing attention given their benefits of lower pollution and clean production. According 
to the 2021 global energy review of the International Energy Agency, renewable energy consumption expanded by 
3% in 2020 due to a decrease in the demand for all other fuels. The main driver was attributed to a 7% expansion in 
renewable electricity generation. In 2021, electricity generation from renewable technologies is set to grow by more 
than 8% to reach 8300TWh, which is the rapidest year-on-year expansion since the 1970s.  

The energy sector in developing Asia heavily depends on fossil fuels, and energy prices are often subsidized or 
government controlled. Therefore, huge investments are needed to promote clean and renewable energy. However, 
public expenditure in this region is tightly constrained, and this has been especially compounded by high COVID-19-
related expenditures. Energy demand will continue to accelerate due to increased economic growth, population 
growth, and energy access, with developing Asia and the Pacific expected to account for two-thirds of global energy 
demand growth by 2040, according to the International Energy Agency (2019).  

The People’s Republic of China (referred to as PRC hereinafter), considered one of the world’s largest energy 
consumers, has demonstrated rapid growth in renewable energy investments. According to 2022 energy transition 
investment trends of Bloomberg New Energy Finance, PRC’s investment in energy transition increased by 60% from 
2020 and reached $266 billion in 2021, making them the leading country. Moreover, renewable energy investment 
accounts for the largest proportion of nearly $130 billion, again cementing its top position.  

Given the rapid growth in the number of new installed renewable energy projects and the diversification of sectors 
financing renewable technologies in PRC, this paper contributes to the literature studying investment decisions in 
renewable energy in developing economies using the case of PRC. 

Methods 
We use the unique dataset of annual firm-level data from nearly 300 firms from PRC which invested in renewable 

energy projects in PRC during the period 2015-2020 from Bloomberg Terminal, Bloomberg New Energy Finance, 
and S&P Capital IQ pro database. 
 
Baseline Econometric Models 

We estimate the following reduced form investment equation to investigate the effect of financial variables on 
firm’s renewable energy investment: 

REIi,t/Ki,t 7���=�ë1 levi,t=�ë2 revi,t=�ë3 ROAi,t =�ë4 firmagei,t =�ë5 ln asseti,t =�ë6 energycostt + μi + ei,t , (1) 
where REIi,t is the total amount of renewable projects’ values invested by firm i in year t; Ki,t is the working capital of 
firm i�����\������\������levi,t is the financial leverage of firm i;  revi,t  denotes the ratio of the total revenue to the total 
asset; ROAi,t computed as the net income divided by the total asset indicates the return of asset; firmagei,t demonstrates 
the age of firm i at year t; ln asseti,t is the log of total asset which captures the size of the firm; energycostt measures 
the cost of renewable energy in the PRC in year t; μi  captures the individual effect of firm i��ë1��ë2��ë3��ë4��ë5������ë6 
are the coefficients; and finally ei,t denotes the error term.  
 
Models with ESG Variables 

We investigate the effects of Environmental, Social, and Governance (referred to as ESG hereinafter) variables 
on the renewable energy investment to working capital ratio. Specifically, we employ the following two types of ESG 
variables: (1) the external cost of air pollutants as a percent of the company’s revenue and (2) the external cost of 
GHG emissions as a percent of the company’s revenue.  

REIi,t/Ki,t 7���=�ë1levi,t=�ë2revi,t=�ë3ROAi,t =�ë4firmagei,t =�ë5ln asseti,t =�ë6energycostt =�ë7aircosti,t + μi + ei,t , (2) 
REIi,t/Ki,t 7���=�ë1levi,t=�ë2revi,t=�ë3ROAi,t =�ë4firmagei,t =�ë5ln asseti,t =�ë6energycostt =�ë7ghgcosti,t + μi + ei,t , (3) 

                                                                   

FIRM INVESTMENT IN RENEWABLE ENERGY: AN EMPIRICAL EVIDENCE FROM 
THE PEOPLE’S REPUBLIC OF CHINA 

Dina Azhgaliyeva, Asian Development Bank Institute, Tokyo, Japan, +81 3 3593 5566, dazhgaliyeva@adbi.org 
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where aircosti,t and ghgcosti,t denote the external costs of air pollutants and GHG emissions, respectively. 

Models Incorporating COVID-19 Stringency Index 
The restrictions applied by the government of PRC to tackle the COVID-19 pandemic might have negative 

influences on the installation of renewable energy projects. To incorporate the impacts of these restrictions, we present 
the following econometric model: 

REIi,t/Ki,t 7���=�ë1 levi,t=�ë2 revi,t=�ë3 ROAi,t =�ë4 firmagei,t =�ë5 ln asseti,t =�ë6 energycostt =�ë7 aircosti,t =�ë8 
stringencyp,t + μi + ei,t , (4) 

where stringencyp,t  denotes the Covid-19 stringency index at province p and ë8 is the associated parameter. This index 
is collected from the Oxford Coronavirus Government Responds Tracker (OxCGRT). To check the robustness of our 
results, we employ the dummy variable covidp,t which takes value of 1 when t=2020 and 0 otherwise.   

Results 
The estimated results for our full models are presented in Table 1. The key findings of our study can be 

summarized as follows: First, we find that leverage plays a crucial role in firm investment in renewable energy. To be 
more specific, a high liability-asset ratio leads to an increase in corporate investment, and the effect is statistically 
significant at 5% level. The potential explanation is that financial leverage can equip enterprises with more financial 
budget in order to finance renewable projects. Second, we demonstrate that firm age has a positive impact on 
renewable investment to working capital ratio. This suggests that older firms with more years of experience tend to 
increase their investiments in renewable technologies. Third, we find positive impacts of the external costs of both air 
pollutants and GHG emissions on the renewable energy investment to working capital ratio. In other words, enterprises 
with higher external costs of air pollutants and GHG emissions tend to increase their investments in renewable energy. 
Note also that the effects are statistically significant when we control for endogenous bias using the instrumental 
variables (IV) regressions. Due to space constraints, we do not report the estimated results of IV regressions. Finally, 
we find adverse effects of the COVID-19 stringency index on the renewable energy investment to working capital 
ratio regardless of whether we employ the external cost of air pollutants or the external cost of GHG emissions as a 
proxy for the ESG variable, and the effects are statistically significant. These findings confirm our hypothesis that the 
restrictions applied by the government of PRC to combat the COVID-19 pandemic negatively affect the installation 
of renewable energy projects.  

Conclusions 
This study investigates which firm characteristics play crucial roles in firm decisions to finance renewable energy 

projects. To this end, we employ a unique dataset from nearly 300 firms in PRC that invested in renewable energy 
technologies during the period 2015-2020. Our main findings can be summarized as follows: First, we indicate that 
both financial leverage and firm age have positive and highly significant impacts on the renewable energy investment 
to working capital ratio. Second, we demonstrate that the external costs of both air pollutants and GHG emissions 
positively affect the renewable energy investment to working capital ratio. Third, the restrictions implemented by the 
government of PRC to combat the COVID-19 pandemic have adverse impacts on the renewable energy investment to 
working capital ratio. Finally, our results are robust to various model specifications. 

Table 1. Estimated results for models with Covid-19 variables 
 
Dependent variable: REI/K     

rev -0.710*** -0.710*** -0.707*** -0.707*** 
ln asset -0.237*** -0.231*** -0.239*** -0.233*** 
ROA -0.699 -0.694 -0.692 -0.687 
lev 0.348** 0.350** 0.353** 0.354** 

firm age 0.080* 0.078* 0.076* 0.075* 
energy cost 0.006 0.006 0.005 0.005 

aircost 0.001  0.001  
ghgcost  0.001  0.001 

stringency -0.002* -0.002*   
covid   -0.089* -0.086* 

constant 1.594 1.531 1.724 1.660 
Observations 349 349 349 349 

R square 0.183 0.185 0.182 0.183 
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Overview 
The key idea behind the cost-benefit analysis (CBA) is that for some projects the financial appraisal alone can fail to 
capture their gains (or costs) to a society at large. In such cases, supplementing financial indicators with those based 
on CBA aims to quantify in comparable currency units the project’s impact on social welfare. Many countries, 
international organizations and development agencies have adopted CBA as one of requirements for project 
financing. However, the key objectives and relevant legal frameworks remain varied across nations (OECD 2015) 
and institutions (OBPR 2020, ADB 2009, EC 2014). 
 
Major sectors, in which CBA is usually performed, include transportation, utilities, environment, waste 
management, energy, education, healthcare, ICT and R&D. In this study, we advocate for applicability of CBA for 
the investment decision process in the petrochemical industry, illustrated by a hypothetical project in Saudi Arabia. 
 
Distorted market conditions, substantial government role in the sector and a broad range of external effects of 
petrochemical investment projects call for a framework which would: (1) account and quantify – where possible – 
such impacts and distortions; (2) provide an option to amend the financial KPI’s of the project based on such 
calculations; (3) extend the project risk assessment framework accordingly. We propose such methodology based on 
the general CBA framework and practices established for other sectors and illustrate the proposed theoretical 
framework with a petrochemical investment project case study. 

Methods 
For this study, we apply the methodology based on the general CBA framework and established best practices for 
other sectors highlighted in EC (2014), and tailor it to the specifics of the petrochemical industry. First, we produce 
financial plans based on the set of cost estimates for an ethylene plant in Saudi Arabia, Malaysia, and China under the 
following assumptions: the plants use the same technologies and feedstocks; the plants are the same size (1.5 Mtpa); 
the plants were constructed at the same time (2021); the only differences are the locations and associated construction 
and operation costs; all the projects target Chinese market for their output. 

In the second phase we apply the CBA methodology to the project located in Saudi Arabia. Proposed approach covers 
three major areas: adjustments to the project’s proforma financial plan, accounting for the project externalities, and 
risk assessment. For this project, major adjustments to the financial plan include the costs of inputs – natural gas and 
electricity – where the government-set tariffs are substituted with the market-based estimates based on domestic 
shadow prices. Existing CAPEX, labour costs and general overheads are assumed to reflect the market prices.  

Key externalities estimated for this project cover associated pollution and climate costs, specifically, emissions of 
CO2, NH4, SOx, NOx and PM10. Emission volumes are calculated based on the data from similar projects, and the 
associated costs are taken from EC (2014) and CE Delft (2018).  

For the risk management section, we apply sensitivity analysis to identify critical variables and their potential impact 
on the project bottom line, followed by the qualitative risk assessment, where specific risk factors, grouped into 
categories, are analysed according to their effects, timing, and severity. 

Results 
Based on the financial planning results, Saudi Arabia would be the only profitable location for the project with 
stated assumptions. Since the revenue streams are assumed to be similar for all locations, its advantages are driven 
by cost competitiveness, the input costs in particular. Total project costs associated with natural gas in Saudi Arabia 
comprise only 25.1% of those in China and 36.8% in Malaysia; the electricity costs in Saudi Arabia amount to 

COST-BENEFIT ANALYSIS FOR PETROCHEMICAL PROJECTS: THE CASE FOR 
SAUDI ARABIA 
 

[Dongmei Chen, King Abdullah Petroleum Studies and Research Center, 966112903192, dongmei.chen@kapsarc.org] 
[Philipp Galkin, King Abdullah Petroleum Studies and Research Center, 966112903194, philipp.galkin@kapsarc.org] 

[Colin Ward, King Abdullah Petroleum Studies and Research Center, 966112903062, colin.ward@kapsarc.org]  
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60.3% and 69.9% respectively. Comparing remaining two options, Malaysia seems preferable than China due to cost 
advantage observed in all areas (natural gas costs in particular), except for transportation and tariffs. 
 
The CBA adjustments significantly affect the outcome of a sample ethylene project based in Saudi Arabia, reducing 
its NPV by $7.1 billion. Pollution and climate costs amount to $5.0 billion or 9.6% of the adjusted project OPEX.�
Removing domestic subsidies for natural gas and electricity increases the cost of natural gas up to 51.8% of the total 
project OPEX, followed by electricity cost at 33.0%. The resulting outcome is still more favourable than that of the 
“Chinese location” financial plan, however, it would make Saudi Arabia a less attractive project location than 
Malaysia. 
 
Applying CBA also helped identify additional critical risk factors. The critical variables for the sample project are 
ethylene price, natural gas and electricity tariffs. The latter two factors were not critical according to the pre-CBA 
financial plan. The impact of these factors on the project bottom line from the ± 1 % variation in these variables is 
estimated at 5.5%, 2.7% and 1.7% respectively. 

Conclusions 
The general principles of CBA are applicable to evaluation of investments beyond the “traditional” sectors and 
industries, especially if relevant markets are heavily regulated, and if a government acts as an investor or a major 
stakeholder of a project. In the environment where non-financial factors – including energy security, climate goals 
and protectionism – increasingly drive economic policy and investment, CBA provides a broader assessment of the 
project outcomes and can help align the interests of investors and policy makers. 
 
A broader scope – characteristic of CBA – also contributes to a more comprehensive project risk assessment, which 
is becoming increasingly relevant given the escalating trend of macroeconomic and geopolitical shocks. CBA can 
help identify critical risk factors that may not be visible at the financial planning stage and quantify potential 
impacts. 
 
In the case of a joint international project, the perspectives of investors on certain CBA costs and externalities may 
not concur. The CBA practices and outcomes can also vary significantly depending on the industry and project 
location. The established CBA standards for specific sectors could contribute to methodological transparency and 
help address potential conflicts of interests. 
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Overview 
The current war in Europe, the rise in demand for non-Russian energy sources, the reconsideration of 
coal and nuclear energy sources, the ever-growing concerns surrounding climate change, the 2050 
zero-emission targets, to name a few, are all contributing to the extraordinary turmoil that the global 
energy market is currently experiencing. The massive increase in annual Renewable Energy (RE) 
deployment worldwide that reach around 300,000 MW in 2021, as well as the rise of emerging clean 
energy technologies such as Hydrogen fuel and energy storage, have added a new dimension to the 
challenges confronting traditional energy markets in general and hydrocarbon-based economies in 
particular. Over the last five decades, GCC economies have experienced numerous energy market 
crises, most of which were caused by a single cause at a time, such as a war somewhere in the Middle 
East, fluctuating energy supply and demand, lack of new oil and gas explorations, and many others. 
Members of the GCC set renewable energy targets of around 28% of production by 2030 on an 
average. Saudi Arabia and UAE leading GCC stated with 50% and 44% targets by 2050 and 2030 
respectively. Although many projects have been completed or are in various stages of development in 
the region, the road to achieve RE set targets is still in its early stages, with many challenges and 
obstacles waiting the ambitious plans to reduce reliance on hydrocarbons economy and increase non-
hydrocarbon share of GDP. 
Methods 
Today’s energy transition shifted from theory to implementation with announcement of policies, 
strategies, action plans, and performance measures by many developed and developing countries. 
Taking GCC as a case for study, this paper analyzes the strategic position of GCC economies in 
containing external and internal energy market forces under three RE technology mix scenarios by 
2030 and beyond, the Diverse (Scenario 1), which examines a broader selection of RE mature 
technologies to prevent a single technology from dominating the sector. The Low-cost (Scenario 2) 
technology mix that ensures the lowest required investment (capital cost), resulting in the lowest 
LCOE. Finally, the Yield (Scenario 3) where an optimum technology mix is selected to guarantee 
maximum annual energy production with respect to total annual consumption of GCC.  
The impact of these scenarios on GCC economies are evaluated based on number of key factors such 
as investment size, local content and value chain, ability to attract foreign capital and impact on 
electricity gird stability. Other important factors, such as fuel offset and CO2 emission prevention are 
equally achieved by the three examined scenarios thus, they are not included in the assessment. 
Results 
Based on the above methodology and the announced RE targets by each of the six GCC states, the 
analysis projected that the required RE installed capacity is approximately 84,000 MW by 2030 to 
2035, starting with 3,600 MW installed in 2021 which is approximately 4% of the 2030 compound 
targets. Today, the UAE led GCC market with approximately 2,706 MW followed by Saudi Arabia 
with approximately 443 MW installed capacity. Oman and Qatar followed with 211 and 143 MW 
respectively. Kuwait and Bahrain have 106 MW and 12 MW of installed capacity respectively. To 
meet GCC RE targets, UAE is required to add 15,500 MW by 2030 while Saudi Arabia must add 
58,000 MW. To meet the RE targets, the other four GCC countries, they must add a total of 8,500 MW 
by 2030. 
Five RE technologies are selected to examine the three scenarios: Photovoltaic (PV utility scale), 
Photovoltaic (PV rooftop and distributed generation), Concentrated Solar Thermal Power (CSP), 
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Onshore Wind Energy and Others small-scale technologies such as biomass and waste to energy. 
Investment required by each country for each technology are identified for each of the three scenarios. 
PV dominating the technology use in the six GCC states due to its maturity, low LCOE and low 
operation and maintenance costs. Wind energy came second due to abundant resources and low 
production costs mainly in Saudi Arabia northeastern desert and along the Oman shoreline. Despite 
the high solar direct radiations in the region and the high potential production capacity of solar thermal 
technology, the technology share of CSP is low in the three examined scenarios due to high capital 
cost and operation and maintenance costs. CSP share might increase once LCOE competes with PV 
and Wind technologies. 
The required investment per technology per country is projected based on current actual market 
installation costs for each of the technology mix segments. All scenarios examined shows that GCC 
will need to invest 100-130 B$ over the next 10 years to achieve RE targets. Utility scale PV led the 
technology with about 40 B$ followed by Wind with around 30 B$. Due to the size of required RE 
deployment, Saudi Arabia projected to invest 70-90 B$ depending on the technology mix scenario 
selected. The UAE came in second with approximately 20 B$, followed by the rest of GCC countries 
with approximately 14 B$ in required investment collectively. 
Conclusions 
The paper concluded that for GCC to diversify national economies and sustain development growth 
with less reliance on the hydrocarbon revenue, an implementation of inhouse value chain of RE 
industry is essential to maximize the investment circulation within GCC markets. Another critical 
issue is the geographic distribution of RE projects across GCC close to high consumption areas such 
as large cities and industrial zones to avoid losses on long distance transmission lines and make a 
balance to decentralize power generation. 
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Overview 
 

The oil and gas industry has suffered from external discreditation through pressure from climate change advocates 
and social issues, generating stigmas that affect the investment attractiveness, thus, discouraging investors from 
financing upstream projects. The investment crisis in the oil and gas sector became more evident during the COVID-
19 pandemic, raising concerns that still have not been solved and that could generate a supply crisis in the near future 

In addition, public pressure to implement ESG strategies in the oil & gas industry is pushing away the required 
investment to secure the required supply. ESG, a concept that should help companies through the energy transition, 
unfortunately, is not understood correctly, generating the escape of a significant amount of investment away from the 
industry. This presentation will help us better understand the role of ESG in the oil & gas industry and will ring the 
alarm about the underinvestment that the oil & gas industry is facing and its consequences.  

 

Methods 
The analysis is based on data observation from different sources, resulting in investment data assessment of the 

oil and gas industry, and presented in the final presentation. It also includes an analysis based on the industry's 
available bibliography. Finally, it brings everything together to support the hypothesis that the oil and gas industry 
has an urgent need for investment and the impact that the misconception of the ESG concept is generating. 

 

Results 
The final presentation analyses the oil and gas industry challenges that generate concerns among policymakers 

and investors and reduce investment attractiveness. The study suggests that the lack of proper standardized 
methodology for calculating ESG is generating a misconception among investors, who have focused only on the 
concept's environmental (E) section. Governance (G) and social (S) sections have been forgotten, resulting in a 
desperate race to move towards a clean image instead of working on a responsible transition that could help the world 
to avoid an energy supply crisis.  

 

Conclusions 
� A substantial increment in investment in oil and gas is needed today to guarantee energy security from 2025 and 

beyond. 

� A misinterpretation of the ESG concept brings investment scarcity and instability to the oil and gas industry.  

� Environmental activities do not equal ESG fulfillment. The governance and social part are being forgotten.  

� The intervention of activist shareholders and environmentalists has also pushed most big international oil 
companies (IOCs) to set net-zero targets during 2021.  

� The significant pressure that climate policies have on governments, NOCs, and IOCs is evident. The private sector 
is the most vulnerable and will probably be the first to succumb to rapid transitions and cuts to production and 
exploration investment. 

� Attracting and retaining human talent in the oil & gas industry is an issue that needs to be managed today. 
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Overview 

In this study, we assess whether global sustainable financial flows are in line with the transition investment 
necessities. To do this, we first identify investment gaps that are defined as the difference between the required 
annual investment to keep up with the global net NZE targets and the current investment flows. Our assessment of 
the investment gaps reveals that almost all countries must significantly accelerate their efforts, as their current 
investment levels lag behind the required levels. Secondly, investment gaps are particularly large for non-Annex I 
(developing) countries. Financing this massive scale investment needs continues to be a major challenge globally, 
where the size of global environmental, social, and governance (ESG) finance remains low. More importantly, 
despite their larger investment gaps, developing countries receive a minor share from global ESG funds, where 
access to conventional finance is already weak.   

Methods 

Investment gaps across countries are defined as the difference between current investment flows and the annual 
investment required to achieve a Paris Agreement-aligned scenario. Our assessment of this investment is based on a 
Global Change Analysis Model (GCAM) developed by Ou et al. (2021), which focuses on the power sector. While a 
significant portion of the effort to reach NZE relies on the power sector as a decarbonization lever, our analysis does 
not capture the full transition picture. It, nevertheless, provides data appropriate for a cross-country analysis. The 
current investment flows are obtained from the BloombergNEF that is available on an annual basis with significant 
country coverage. We then compare the investment gaps with global ESG debt flows, also obtained from 
BloombergNEF. The debt flows include the annual issuance of green, sustainable, and sustainability-linked bonds 
and loan issuances.  

Results 
Our results show that investment realization levels for Annex I economies are higher, relative to their required 

investment levels, than in the non-Annex I (developing country) group (Figure 1). Put differently, while developed 
countries will need 2.1 times more investment in the Paris-aligned scenario, this number is much higher for the 
developing nations, around 2.6. Excluding the United States (e.g., lower investment performance relative to required 
levels) from Annex I and China from non-Annex I groups double the investment gap between the two groups. More 
specifically, the gap decreases to 1.8 times the current levels for developed countries and increases to 4.8 times for 
developing countries. 

Our analysis of financial development differences between the developed and developing world reveals similar 
gaps. Countries with low financial development, defined as scoring low on the IMF’s Financial Development Index, 
also tend to experience large investment gaps. In addition to the ongoing financial development challenges, many 
developing economies have not yet developed the local ESG frameworks that would help them engage with a fast-
changing global investment environment, where ESG is becoming the new norm for the financing of sustainable 
energy transitions. The current annual share of non-Annex I countries of total ESG investments is quite low, with 
most of these funds concentrated in European and North American countries. One may argue that with the global 
ESG trend in the financial markets, lesser resources will potentially be available for developing economies if they 
cannot timely adapt to this new norm. 
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Figure 1: Sustainable energy investment gaps by country groups. 

 

Source: Authors' calculation from Bloomberg, World Bank, and Ou et al. (2021). 

Note: Realized investment is the average sustainable energy transition investment flows into the power sector between 2019 and 2021, from 
Bloomberg. The required investment is the average investment flow needed to achieve the Paris Agreement-compatible scenario in the 
model. "x" is the additional investment needed to achieve the required level. Annex classification is based on the UNFCCC. Sustainable 
energy transition investment numbers in the figure include hydro, geothermal, bioenergy, solar, wind, and nuclear investments. CCUS 
investments are not included due to data shortages. 

 

Conclusions 

Considering such bottlenecks, accelerated action and cooperation are required on many fronts to improve the 
financing conditions for sustainable energy transitions, especially in the case of developing economies. Firstly, 
globally recognized ESG guidelines have yet to be established. This has resulted in ambiguity for investors and 
hence, impeded scaling-up efforts. More importantly, a global ESG framework should be flexible enough 
conceptually to accommodate sectoral and geographic differences across the world. For instance, industry structures 
in many developing economies currently are much more carbon-intensive than in industrialized economies, which 
creates obstacles to electrification in the short to mid-run. In such cases, carbon management technologies (e.g., 
carbon capture, utilization, and storage, CCUS) or different clean hydrogen fuels (e.g., both green and blue 
hydrogen and ammonia) should be clearly and directly included in global ESG frameworks. Secondly, global 
cooperation on climate finance should be expanded in multiple dimensions, leveraging various tools, including 
increased climate finance provision and mobilization by the developed economies, knowledge sharing among 
countries, and more active contributions from international institutions to the process via capacity building, policy 
support tools, and funding. 
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Overview 

This paper presents the first detailed analysis of the impact of greenhouse gas (GHG) emission reduction on corporate 
venture capital (CVC) investments in the US over 18 years between 2002 and 2019. The study considers the three 
scopes of GHG emissions by CVC firms. Additionally, patents, citations, and weighted citations are analyzed to 
present an in-depth discussion of the impact of green innovation by CVC firms on their financial outcomes. These 
findings contribute to the ongoing debate on corporations’ role in reaching net-zero emissions. Due to the positive 
effect of corporate social responsibility (CSR) performance in building a sustainable competitive advantage (Battisti 
et al., 2022), we argue that there is a positive moderating effect of social and environmental performance scores on 
the effect of both environmental performance and green innovation on corporate investors' financial performance. 
Moreover, the results show the isolated and combined effects of GHG emission reduction and green innovation on the 
financial performance of CVC firms. The results indicate that emission reductions give firms a financial advantage 
over time and that corporate investors are interested in driving green innovation. Furthermore, the results investigate 
the mediating role of CSR on CVC firms' environmental and financial performance. The results outlined in this paper 
have important implications for research and practice and illustrate the importance for corporate investors of including 
ecological considerations in their overall business strategies to create a competitive advantage.  

Methods 

The selected sample comprises annual longitudinal data on U.S. firms between 2002-2019, based on the Thomson 
VentureXpert database to construct the main sample of firms that make at least one CVC investment. Financial and 
accounting data are collected from the Standard and Poor's Compustat database. GHG emissions data is retrieved from 
Refinitiv Eikon. The target period between 2002-2019 is chosen as GHG emissions data is only available on Eikon 
for firms starting in 2002. The final sample comprises 133 corporate investors and 2,394 observations after removing 
missing variables and records that do not disclose the firm's name. Green patent data is furthermore retrieved from the 
PATSTAT database. In this paper, three different measures of financial performance (FINPER) are introduced as 
dependent variables, namely Net Profit, ROE, and Tobin's Q. Environmental performance (ENVPER) is assessed by 
using GHG emissions, that is, total CO2 and CO2-equivalent (CO2e) emissions (in tons), following the GHG protocol 
(Bhatia et al., 2004) As using absolute GHG emissions would entail significant tail risk, two different measures are 
used to assess environmental performance, being the natural logarithm of GHG emissions (lnGHG) and GHG 
emissions per unit of revenue, that is GHG emissions intensity (GHGrev). Following (Chemmanur et al., 2014; 
Shuwaikh & Dubocage, 2022), two different patent-based measures are considered to assess both the quantity and the 
quality of green innovation. Both green innovation variables are based on the patent application year. First, the number 
of green patent applications by a firm in each year (Count) is introduced to analyze innovation quantity. Second, the 
number of subsequent citations of these green patents (Citations) is used to measure innovation quality. Following 
Hall et al. (2000, 2001, 2005), the citation truncation bias is corrected by estimating the shape of the citation-lag 
distribution. As moderating variables, two variables measuring CSR performance are being used. Both the 
environmental pillar score and the social pillar score are being retrieved from the Eikon ESG database. The 
environmental score (ENV) reflects the CSR performance relating to environmental aspects by measuring firms' 
impact on living and non-living natural systems. It considers a company's performance in avoiding environmental 
risks and taking advantage of environmental opportunities. On the other hand, the social score (SOC) indicates the 
performance relating to social aspects and reflects firms' behavior towards their workforce, customers, and society. 
Both variables indicate scores on a scale between 0 and 100 and therefore allow directly measuring the outcomes of 
firms' CSR performance relating to social and environmental aspects. The set of control variables considered in this 
paper encompasses six distinct variables. Financial leverage (LEV), Firm size (SIZE), Asset structure (AssetStr), and 
independent board members (IBM) indicate the percentage of independent board members, Sustainability reporting 
(SusRep), and Governance score (GOV).  
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Results 
The paper investigates the effect of environmental performance on firm performance in year t+3, t+2 and t+1, for the 
reason that the impact of emission reduction costs on firm performance is time lagging (Hart and Ahuja, 1996). The 
strongest positive relationship is found with respect to Tobin’s Q, with a one-unit increase in GHG emissions resulting 
in an increase of 13 percentage points in Tobin’s Q, on average in yeat t+3. This result is statistically significant at the 
1% level. This result suggests that firms with lower GHG emissions have a higher long-term financial performance. 
The results indicate, in year t+1 scenario, a positive impact of GHG emissions intensity on Net Profit. Our results are 
in line with the findings of Busch and Hoffmann (2011), Ganda and Milondzo (2018), Chen & Ma (2021)  and 
Benkraiem et al. (2022). Additionally, the results investigate the impact of corporate investors’ green innovation on 
their financial performance. For all measures of green innovation, this paper finds a positive effect in year t+3 for the 
financial performance in terms of Net Profit (5%), ROE (10%), and Tobin’s Q (1%). This result indicates that 
corporate investors should have a strong financial interest in driving green innovation. Sustainability-linked innovation  
pays off in the short and long term. The results indicate a positive moderating effect of the environmental performance 
score, as a measure for CSR performance, in determining the effect of environmental performance on financial 
performance. These results suggest that only the environmental aspect of CSR improves the financial outcomes of 
reduced GHG emissions, while the social CSR aspects are not affecting this relationship (Atif et al., 2021).  

Conclusions 
This paper examines the effect of GHG emissions and green innovation on the financial performance of corporate 
investors and demonstrates that both better environmental performance and more green innovation have positive 
effects on corporate investors’ financial performance. The results outlined in this paper have important implications 
for research and practice. An inclusive policy should be implemented combining environmental performance targets 
and financial performance objectives. This reinforces the argument that firms should include emission reduction as 
part of their overall corporate strategy to increase profitability. As the cost of adopting carbon-reducing measures 
remains one of the major constraints for many firms, governments and policymakers need to provide the necessary 
incentives to encourage firms to reduce their carbon emissions. In the specific case of corporate investors, societal 
changes may act as an additional incentive, as stakeholders increasingly demand improved performance levels in 
domains other than purely financial results. This cultural shift will continue to encourage corporate change as society 
realizes the urgent need for ecological and social change. As previous studies show, CVC investments allow investors 
to acquire the necessary resources for sustainable competitive advantage (Battisti et al., 2022). Governments and 
policymakers must incentivize companies to reduce their emissions and drive green innovation while creating the 
necessary framework to support CVC investments.  
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Overview 
Although there exist many support schemes to promote green energy penetration worldwide, Feed-in Tariff (FiT) 
schemes have become the preferred renewable energy support mechanism in many markets. The benchmark is the 
fixed-FiT scheme, a mechanism allowing Renewable Energy Sources for electricity (RES-e) producers to sell 
electricity at a guaranteed fixed price per generated MWh. FiT subsidies for renewable energy penetration have been 
of the foremost importance, and they may still play a role as long as they are carefully crafted. Indeed, by the end of 
2020 many countries worldwide had a FiT in place as a support policy for RES-e development. Nevertheless, their 
main drawback is the huge cost they usually involve for the regulator, especially if they are not properly designed. This 
is the main reason why some countries have already abandoned the FiT system and introduced new schemes based on 
auctions (Ciarreta et al., 2014). In many auction systems, bids are made for a return on investment of renewable plants 
(i.e. Rate of Return (RoR) regulation), and the electricity generator’s income is fixed according to the reasonable 
profitability set in the auction, regardless of the amount generated and the market price of electricity.  
In this context, real option pricing techniques are an appropriate tool to analyze the RES-e investment decision 
process, since they allow to assess investment opportunities as a function of their volatility (Lee and Shih, 2010). In 
particular, Haar and Haar (2017) propose using option theory to model FiT subsidies as European put options in order 
to quantify the value of the risk that is transferred from the investor to the regulator. According to Haar and Haar 
(2017), the risk accepted by the regulator, which is ultimately transferred to the rest of the society, could be 
hypothetically hedged by purchasing a strip of put options (the right to sell) with strike prices equal to the FiT price.  
In this paper, we argue that the risk faced by an investor in renewable energy is not only due to the price of electricity 
but also to the fact that the amount of electricity produced is uncertain, especially for technologies that are heavily 
dependent on weather conditions, such as solar and wind. For this reason, we extend the previous literature using 
option theory to estimate the value of the investment risk removed by a RES-e subsidy, considering both the 
randomness of the market price as well as that of the amount of electricity generated. We contribute a methodology for 
pricing energy subsidies that models jointly market prices and generation as correlated stochastic processes. 
Since under FiT the price per MWh produced is guaranteed, the producer's revenues (and for the same reason the 
generator's costs) are subject to uncertainty in the number of units generated. On the other hand, under the RoR 
system, a fixed return is guaranteed, thus eliminating the risk of lower than expected revenues due to poor generation. 
However, it also eliminates the possibility of higher potential revenues due to higher than expected generation. 
Therefore, our methodology allows us to compare the value of these two important incentive systems taking into 
account all these considerations regarding the different risks involved and the risk-sharing under each scheme.  
Finally, we present an application where we compare the performance of the FiT scheme and the RoR regulation in 
the Spanish electricity market, which transitioned from the former system to the latter in 2013. 

Methods 
For a given renewable technology, we model both the Volume Weighted Average Price (VWAP) of electricity and the 
amount of generation during a given period, say a year, as stochastic processes  and  respectively. Long-term 
electricity prices have been modeled as Geometric Brownian Motion processes (GBM). We propose that the annual 
generation of RES-e technology can also be approximated as a GBM, as it seems reasonable to approximate it as a log-
normally distributed variable. The risk-neutral dynamics of the problem are given by: 

                                                                 (1)      

where  and  are two correlated Brownian motions with correlation parameter , T is a fixed final time, r is the 
risk-free rate, and  and  are the volatilities of each process. The fundamental theorem of asset pricing implies that 
in a complete market a derivative’s price at any initial time t is the discounted expected value of the payoff at future 
maturity time T under the risk-neutral measure. 
Under the FiT scheme the generator has a guaranteed minimum price  per generated MWh. Thus, the payoff at 
maturity offered by the subsidy is given by the product of the annual generation ( ) and the payoffs for each produced 
MWh . Hence, the value of the subsidy at  is given by the expectation under the risk-neutral 
measure: . On the other hand, under the RoR regulatory scheme, the generator 
has a guaranteed revenue , independent of both generation and market prices. Therefore, the payoff at maturity 
is given by . Thus, the value of the RoR subsidy at  is: . 
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Results 
Using stochastic calculus, we obtain the following closed-form solution for the FiT subsidy option with maturity T: 

                                        (2)     

where  denotes the CDF of the standard normal distribution, and 

                                                         (3)     

Similarly, we obtain the closed-form solution for the RoR scheme option with maturity T: 
                                        (4) 

where ,   ,  and  . 

                                                                      (5) 

In addition, we perform a numerical simulation verifying that the obtained analytical solutions agree with a Monte 
Carlo valuation of the problem. 
Finally, using the results obtained, we can design both types of incentives in such a way that their value is identical, 
and therefore, the regulator is indifferent between offering one or the other to the supplier. Assuming that both 
incentives are offered with a duration of  years, the total value of the subsidy will consist of a set of annual options 
with different maturity times over the horizon of  years. Therefore, both subsidies will have an identical value if:

                                                      (6) 

For the empirical application, we use data from the Spanish market at the time when there was a transition between the 
two types of incentives. 

Conclusions 
The risk faced by an investor in RES-e technologies that are heavily dependent on weather conditions, such as solar 
and wind, is not only due to the price of electricity but also to the fact that the production is uncertain.  Therefore, 
using option theory to study the value of a subsidy considering the market price of electricity as the only source of 
randomness may be insufficient. 
We contribute to the literature with a model to estimate the value of the investment risk eliminated by a RES-e 
subsidy, considering both the randomness of the market price as well as that of the amount of electricity generated. 
We develop a methodology that prices energy subsidies by modeling prices and generation as correlated stochastic 
processes. Using fundamentals of real options theory and stochastic calculus, we are able to obtain closed-form 
solutions to the value of FiT and RoR subsidies. Furthermore, we perform a numerical simulation to verify that the 
obtained solutions agree with a Monte Carlo valuation of the problem. With the developed methodology, we can 
directly compare two different incentive systems, the FiT, under which a price per unit sold is guaranteed, and the 
RoR, under which a fixed level of profitability is guaranteed. 
Subsequently, we present an empirical application of the proposed theoretical model for the case of Spain, where in the 
last decade, the FiT system was replaced by the RoR system in an attempt to decrease regulation costs. According to 
our preliminary results, the value of the subsidy offered under the FiT system by the Spanish government was 
considerably higher than that delivered under the RoR system. This finding is consistent with the fact that the Spanish 
government abandoned the FiT incentive mechanism for the RoR because the former (under the incentive level offered 
at the time) implied excessive costs to the regulator. Our methodology could be applied to any electricity market 
facing, or about to face, similar challenges in terms of RES-e regulation. 
Finally, our methodology allows, given the features of one of the two incentive mechanisms (prices, duration, etc.), to 
determine the design of the other system so that the value of both schemes, when considered as options, is identical.  
This Incentive Equivalence Result in terms of option valuation opens up the question of the optimality of incentive 
schemes under different criteria. 
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Overview 
Global investors are known to be very mobile in positioning their portfolios with fixed income securities and 
commodities to averse probable risk amid global financial, nowadays energy crises. Thus, volatility spillover and 
return connectedness is important for practitioners and academicians to observe the dynamics and position portfolios 
accordingly. This study uses daily data for the S&P Dow Jones Green Bond Index, a representative of the global 
green bond market, and 4 energy commodities, namely crude oil, gas oil, heating oil, and natural gas, to measure the 
overall connectedness and pairwise connectedness between green bonds and energy commodities. The sample 
period that DataStream collected is from December 2008 to September 2022. All data is in USD, and returns are 
determined as the difference between the logarithms of two consecutive prices. Empirical studies on the association 
of green bonds with the commodity market is still growing. On the eve of energy crises in Europe, this study 
contributes to literature focusing on connectedness between green bonds and only energy commodities. 

 

 
Methods 
We apply the dynamic connectedness method proposed by Diebold and Yþlmaz (2012) in this paper. This method 
generates gross and net directional spillover measures that are unaffected by the ordering of the volatility forecast 
error variance decompositions. This method allows us to measure the dynamics of spillovers by looking at rolling-
sample total spillovers, rolling-sample directional spillovers, rolling-sample net directional spillovers, and rolling-
sample net pairwise spillovers for return and volatility. 

 
 

Results 
Findings demonstrate that the connection between green bonds and energy commodities is established via 
bidirectional information spillovers. The green bond market gives energy commodities less in terms of returns and 
volatility than it receives regardless of the period. In comparison to other energy commodities, gas oil plays a 
bigger role in transmitting returns and volatility to the green market. We also observe that return and volatility 
spillover increase dramatically during the period of crisis and vary over time. Our findings appear to support the idea 
that shocks have an impact on the link between the green bond market and energy commodities. Opportunities for 
portfolio diversification will decline when connectedness increases significantly. On the one hand, green bonds are a 
net receiver of spillover for the entire period; yet time spillover analysis reveals that the green bond market is a net 
contributor in sub-samples. 

 
 

Conclusions 
The paper studies connectedness between green bonds and energy commodities using Diebold and Yilmaz method. 
Our empirical findings are valuable for portfolios managers, investors as well as policymakers. The investor or 
manager should be aware of the connectedness and spillover directions when designing their portfolios or making 
decisions that includes energy commodities namely, crude oil, gas oil, heating oil, and natural gas, and green bonds. 
We find that the green bond market has less volatility and return impact on energy commodities than it gets from 
them. In the other hand, gas oil has higher returns and volatility transmission to the green market. This 
connectedness imply portfolio managers should diversify their portfolios with relatively less correlated assets with 
energy commodities. And our findings suggest that during crisises periods portfolios should be repositioned 
considering higher spillover effect. 
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Overview 

The objective of this paper is to develop a green hydrogen potential map for the Kingdom of Saudi Arabia. 
Recognizing the importance of resource assessment maps for encouraging investment at lower risk, similar maps 
exist for assessing the wind and solar photovoltaic potential in the Kingdom. However, a hydrogen potential map is 
yet to be developed. the hydrogen potential map will help the government of Saudi Arabia to develop and implement 
an effective policy for the utilization of renewable resources. Also, this will help them to explore the use of these 
renewables as a key enabler in the development of sustainable electrical energy, market opportunities, and 
continuous economic growth. This green hydrogen can be an alternative source to conventional sources because it is 
clean and environment friendly, thus may help mitigate GHG emissions 

Methods 

This paper is based on a case study to produce hydrogen by the means of water electrolysis powered by 4 gigawatts 
of renewable resources, which are solar PV and wind energy. The results are based on comprehensive data 
collection along with real cost information. The study was conducted using a standard discounted cash flow rate of 
return methodology on different scenarios to obtain an optimum solution for the Levelized Cost of Hydrogen 
(LCOH) for different regions in the Kingdom. The cost calculation is based on a wide variety of inputs that 
characterize financial assumptions as well as capital, operating, maintenance, and replacement costs. The study also 
includes the cost of desalinated water used in the electrolysis process. Moreover, A sensitivity analysis has been 
conducted to investigate how the PV capital cost forecast for the year 2025 will affect the choice of an energy 
source. The equeation used to calculate the Levelized Cost of Hydrogen (LCOH) in ($/kg), is the total lifetime cost 
of the project divided by the total lifetime of hydrogen produced, and it is calculated as follows : 

 

LCOHA=A
CAPEX+, OPEXtA+AREPtA

(1A+Ad)t
N
t=1

, AMH2A×A (1A-ASRD)t

(1A+Ad)t
N
t=1

 

Results 

NEOM was chosen as a case study to be the location for the economic analysis of a system, which includes 4 GW of 
renewable resources, PV, and Wind. These resources are supplying a 4 GW electrolyzer plant. The economic 
analysis was performed from the investor's and entrepreneur's perspective to see whether it is profitable to invest in a 
new project that uses renewable sources to sell hydrogen as a feedstock. Desalinated water is an important part of 
producing hydrogen; thus, the model takes into account the levelized cost of water (LCOW) to calculate the LCOH. 
After trying multiple scenarios using the metrological data of solar and wind obtained from the European 
Commission data. it was found that the LCOH of 2.70 $/kg. In addition, 4 GW size is considered to be an optimal 
size, since how matter the size is increased, the LCOH is only limited to a decrease of 2.3%. The Hydrogen Model 
was expanded to include a financial analysis of different regions in the Kingdom. In order to calculate the LCOH for 
the other regions, different values of levelized cost of water were taking into consideration from Saudi Water 
Partnership Company for the selected regions. Furthermore, to make the analysis more realistic, the cost of pumping 
desalinated water to the non-coastal region was also considered. then the LCOH was calculated for all the regions 
and a graphical representation of LCOH was produced as seen in below figure. We can see that NEOM has the 
lowest LCOH of 2.70 $/kg while Arar has the highest of 5.85 $/kg. 
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Figure 1. LCOH Potential Map 

Conclusions 

In this study, an economic analysis has been performed based on LCOH to evaluate the potential of renewable-
powered hydrogen production in the Kingdom. The study is to produce hydrogen by the means of water electrolysis 
powered by 4 gigawatts of renewable resources, which are solar PV and wind energy. NEOM was considered as a 
case study to build the Hydrogen Model, and later this model was applied to the Kingdom’s regions. The desalinated 
water cost and pumping cost have been also taken into consideration in the calculation of LCOH. The LCOH results 
of the thirteen regions show that NEOM is the most optimal choice with an LCOH of 2.70 $/kg. A consideration that 
could be drawn from this study is that 4 GW is an optimal size to supply the electrolyzer with energy since a lower 
size will increase the LCOH. 
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Overview 
Climate change imposes considerable risks in the electricity sector(Yalew et al., 2020). Higher temperature reduce 

the efficiency of thermal power plants and batteries(Jaguemont et al., 2014), and in many cases simultaneously 
increases electricity demand(Apadula et al., 2012). Both extremely high and low precipitation limit the power 
generation of hydropower plants(van Vliet et al., 2016). Other renewable energy sources, like solar and wind, are also 
affected by extreme weather events and climate change (Kozarcanin et al., 2019).  Plants operators have adopted 
various financial instruments to hedge these risks, including temperature based derivative contracts. Previous analyses 
further show that insurance linked to weather-based index can indeed mitigate the risk of negative net revenues, and 
in particular extreme losses, for hydropower producers (Hamilton et al., 2020; Meyer et al., 2017). Such index-based 
financial instruments offset lost revenues from decreased electricity generation and increased costs as generators 
purchase electricity on the wholesale market to meet their fixed power contracts. The same functions might also be 
achieved with a large energy storage system that can offset lost generation with stored electricity. A key factor in 
considering which strategy to pursue is thus the cost of each tool.  In this study, we will compare the performance of 
an energy storage system to that of an index-based financial instrument in terms of financial risk management.  We 
establish a benchmark financial instrument which can successfully reduce a hydropower supplier’s financial risk and 
then design an energy storage system that share similar cost. We then compare the performance of both options and 
discuss the implications of changing technology and costs thereof. Results can inform utilities’ hedging strategies for 
hydrometereological risk under an uncertain climate and increasingly volatile weather conditions.  

Methods 
 

We choose the F���
%���
�E��
��"������������ (BPA), the federal entity which manages the 31 federal dams 
in the US Pacific Northwest (PNW) as our case study. The BPA largely provides electricity to regional customers, 
which have long-term, fixed price contracts, but will sell surplus electricity into either the Mid-Columbia market, 
which spans the PNW, or the California Independent System Operator (CAISO), which serves California. In cases 
when there is a shortfall of hydropower, BPA purchases compensatory electricity from these markets. The 
Administration’s vulnerability and exposure to hydrometereological risk have made it the subject of scrutiny by credit 
ratings’ agencies (e.g., Moody’s, S&P, Fitch). A failure to manage its financial risk can lead to a credit downgrade, 
which can increase BPA’s cost of borrowing.  Research suggests that BPA’s existing financial instruments leave it 
exposed to substantial uncovered losses(Denaro et al., 2022). That said, financial instruments have been proposed as 
a means to mitigate BPA’s financial risk beyond its current capacity (Cuppari et al., 2021; Hamilton et al., 2020). 

To compare the cost-effectiveness of an energy storage system versus a financial instrument, we must first 
establish BPA’s baseline financial risk and the distribution of possible hydrometereological conditions, including 
extremes. To do so, we utilize the combination of CAPOW, the California and West Coast Power System model (Su 
et al., 2020)and a financial model of BPA(Denaro et al., 2022) .The CAPOW model is used to generate 1200 synthetic 
years of relevant hydrometereological conditions across the west coast power system and corresponding electricity 
demand, generation, and prices, which is paired with the BPA model to calculate BPA’s annual net revenues. This 
information is used to mimic the contract for differences financial instrument as in (Cuppari et al., 2021)  

The annualized capital cost of the energy storage is assumed to be the same as the average annual cost paid for 
the instrument, including both the premium and negative payment based on the contract. The energy rating of the 
storage system is set as the maximum electricity that can be purchased given a positive payout received from the 
contract for a day. The operational profile is simplified to continuous charge at maximum power for a fixed duration 
during periods in which electricity prices are lower than a price threshold and continuous discharge when prices are 
higher than another threshold. The optimization model will minimize the total operation cost of the hydropower fleet 
plus storage by changing the threshold, power capacity and the fixed discharging/charging duration across the first 
300 years of our synthetic dataset. Once determined, the storage system and corresponding operation profile will be 
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applied on the remaining 900 years of synthetic data, and the annual net revenues of the system with and without the 
storage system versus the financial instrument are calculated. 

Results 

The net revenue distribution of BPA with and without financial instrument are shown below. The net revenue 
distribution with energy storage will be provided before the time of conference. 
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Overview 
The investment in E&P has witnessed a severe decline in the last decade. This has caused a decrease in hydrocarbon 
discoveries in non-OPEC countries, the reserve replacement ratio is also declining for oil majors. The lack of 
investment is mainly due to the price volatility, which leads IOCs, hedge funds, and banks to evaluate the CAPEX 
invested in the industry. Democratizing investments can surge liquidity in the Petroleum industry, should retail 
investors gain access to specific Petroleum licenses instead of investing in IOC shares; the pace of funding and risk 
tolerance will aid in providing the investments needed to keep up with the global Petroleum demand. Security tokens 
using distributed ledger technology can provide the technical structure for this funding in addition to creating a 
secondary market that can create a second revenue stream for the token issuer. The tokenization of assets still demands 
further legislation.   

 

Methods 
 By using a Petroleum financial model designed on a Production sharing agreement “PSA” format. No investment 
will be made on the government's behalf, so in all three scenarios funding will come from either the IOC (Operator), 
institutional investors, or STO investors. No royalties or signature bonuses are imposed on the IOC, in addition, the 
IOC is entitled to cost recovery based on a DROP sliding scale.  The IOC is provided a maximum of 10% profit oil 
also based on DROP which is subjected to a consolidated 15 % CIT. By using the model, three NPVIOC will be 
provided based on different partnership scenarios with traditional and Security token investors to assess the financial 
effectiveness of DDR on the fiscal regime's attractiveness 

 

Results 

Based on the financial model, the IOC would achieve the highest NPVIOC under the third scenario, the elimination 
of any institutional participation would maximize the NPVIOC due to the ownership transfer from the token holders 
after the smart contract period expires. A clear influence on the GT (government takes) is also present, as discussed 
earlier; IOC considers the GT before making a bid for the License, the higher the GT the less attractive the investment 
becomes for the IOC. By adopting the split applied in scenarios one and three; the GT decreased in scenario 3 (0.73) 
from (0.84) in scenario 1 where no participation is made from the retail investor. 

 
 

Conclusions 

Since the technical infrastructure is readily available; DLT can be utilized to attract investment to the Petroleum 
industry at a time its most needed. In principle and according to the SEC security tokens can be issued as securities 
and be sold to the US retail investors according to the Howey test that is currently followed, DLT allows attracting 
investment to Petroleum licensing rounds less expensively and effortlessly. 
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Overview 

The decarbonization of the building sector is a central task for archiving the ambitious national climate targets in 
Germany: The building sector is responsible for 40 % of greenhouse gas (GHG) emissions. While the electricity 
sector has more than 50% renewable energies, the heating sector is significantly lacking behind with a share of only 
15% of renewables and thus a large share of fossil fuels. Defossilization and reducing dependence on energy imports 
also play a major role in Germany’s energy transition – amplified in the last years by high energy prices and and 
high uncertainty about future resource availability. The building sector thus requires the transition towards local and 
renewable energy systems.Next generation 5th Generation District Heating and Cooling Network (5GDHC) might 
provide a promissiong pathway to include more renewables: Compared to installing renewable heating systems for 
every household it allowes to use economies of scale and facilitates to balance different loads between households.  

In this contribution we want to analyse:  
 

� Which technology will choose consumers and energy companies under the given regulatory framework 
(investor and end-customer perspective)?  
 

� How does the regulatory framework influence investment, share of renewable and profitability of 
individual technologies?  
 

� Are there sufficient incentives to invest in innovative low temperature heating and cooling networks 
(5GDHC) with high shares of renewable energies? How can economic barriers caused by the regulatory 
framework be reduced? 
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Overview 
Integrated oil and gas companies face issues when calculating transfer prices for intra-company transactions. 
The general approach is to base the transfer price on an arm’s length transaction. The choice of transfer pricing 
method has to meet a number of competing objectives, such as optimizing the tax burden, aligning incentives 
between different parts of the business, and generating accurate segment reports. 
 
If tax optimization were the only objective the solution would be straightforward. Profit should be allocated to 
the lower-taxed activities as much as the tax authorities will allow. Evidence will then be gathered from 
comparable arm’s length transaction to justify the choice of the method that results in the lowest tax bill. 
 
In principle nothing forces the integrated oil and gas company to use the same methodology for all purposes. In 
practice, however, the tax authorities will look with suspicion at any significant discrepancy between the 
financial accounts and the returns prepared for the taxman. Thus, a unified approach is generally preferred. 
 
Not only does such a unified approach reduce complexity and eliminate duplication, it may also avoid 
establishing an unfortunate precedent whereby whatever method has been chosen ad hoc to minimize the tax 
liability of the day will commit the company to using the same method in the future, even as business conditions 
and the structure of the business change, and other methods would have resulted in a lower tax liability. Much 
better then to adopt a robust methodology that can be defended on conceptual grounds and is equally well suited 
to decision making and financial reporting as is it to minimizing tax liabilities.  

Methods 
This paper reviews and evaluates the five methods accepted by the Kingdom’s transfer pricing bylaws, which in 
turn rely on the OECD guidelines. Summarized under traditional transaction methods we find Comparable 
Uncontrolled Price (CUP), Resale Price (RP) and Cost Plus (C+). Separately, there are the transactional profit 
methods, including Transactional Net Margin (TNN) and Profit Split (PS). 
 
Despite the focus of the OECD guidelines on tax, the arm’s length principle is extremely powerful and as we 
have seen can also be used for management purposes. The arm’s length principle aims to ascertain the price of a 
transaction that would prevail between independent companies. Such a price, if freely and voluntarily agreed by 
these companies, will mimic the outcome of a market transaction and therefore has some of the attending 
benefits. In particular both parties to the transaction must be assumed to be better off, and the mutual gains from 
the transaction fairly distributed.  
 
It is convenient to interpret the transfer pricing methods as either yielding economic measures or accounting 
measures. The methods summarized under traditional transaction methods fall into the former category, while 
the transactional profit methods fall into the latter. The evaluation will proceed along these lines. 

Results 
Transfer pricing methods that yield economic measures are strictly preferred to those relying on accounting 
metrics. Franklin M. Fisher and John J McGowan put it most succinctly in their seminal article:  
 
The appropriate return metric for investment evaluation is the economic rate of return. In contrast, accounting 
rates of return are not suitable for the analysis of future investments.  
 
It is economic rates of return that are equalized within industries in long-run industry competitive equilibrium 
and, after adjusting for risk, are equalized everywhere in a competitive economy in long-run equilibrium. 
Likewise, it is an economic rate of return above the cost of capital that promotes investment in an industry and 
above the (risk-adjusted) cost of capital that promotes expansion and investment in a competitive economy. 
Perhaps most importantly it is economic rates of returns, and expected future cash flows that determine the 
value of the company. 

                                                           
1 The views expressed herein are solely the author’s and do not necessarily reflect the views of the Saudi Arabian Oil Companies or its affiliates. 

                                                                   

USE OF TRANSFER PRICES FOR INTRA-COMPANY TRANSACTIONS 
 

Dr. Thorsten Fischer, Saudi Arabian Oil Company (Saudi Aramco)1, +966(0)13 873-1166, thorsten.fischer@aramco.com 
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Saudi Aramco: Company General Use 

 
Accounting rates of return are useful only insofar as they yield information that can be used to calculate 
economic rates of return. It should go without saying that the accounting rate of return on a given investment, 
which is defined as the net revenue to book value in a given year, will be equal to the economic rate of return, 
which is defined as the rate which makes the present value of the entire stream of net cash flows equal to the 
initial capital cost, only by coincidence. Indeed, there is no reason for us to expect these rates even to be close. 
Profits as reported by accountants may differ from firm to firm and industry to industry and they are not 
consistent with economic concepts of profits, which include the opportunity cost of all inputs in the production 
process, including of capital. Thus, even if properly and consistently measured, accounting rates of return 
provide almost no information of economic rates of return.  
 
Worse, it is easy to construct cases where firms with higher accounting rates of return have lower economic 
rates of return and vice versa. Moreover, accounting rates of return on individual investments generally vary 
from year to year and depend crucially of the time shape of the investment. Only if such fluctuations are 
averaged out by combining different investments over time will a firm’s accounting rate start to be roughly 
constant, yet still not approximate the economic rate of return. If firms do not show the very substantial 
variability in accounting rates of return of single investments in practice, it is because they are growing and 
attribute profits from past investments to the book value of new projects whose profits are yet to materialize, 
rather than to the declining book value of such past investments. While this sort of averaging stabilizes 
accounting rates of returns it also makes them less comparable conceptually to the economic rate of return. 
 
While the RP method is well-suited for the simple exchange of goods, the CUP method or the C+ method, the 
latter especially in the guise of the ROR method, are best suited for transactions that resemble longer term 
relationships or the provision of a service well into the future.  
 
For the CUP method the accuracy of the transfer price stands and falls with the choice of suitable comparable 
transactions. In practice, the analyst will have access to bespoke databases. The advantages of the methodology 
are twofold: First, given a sufficient number of observable transactions, the estimate is very reliable. Second, 
because the transfer price is independent of the conduct of the controlled parties, the method does not distort 
incentives. The downside is that adjustments to the observed prices for special circumstances are difficult. For 
example, to establish a transfer price in Saudi Arabia may be difficult if most comparables are based on the 
U.S., which is often the case given that the U.S. often represents the most liquid, active and transparent market. 
 
The ROR method can best be understood as the approach adopted by most regulators of natural monopoly. 
ROR regulation seeks to allow the regulated entity a rate of return close to its cost of capital, which is what the 
utility would stand to achieve in long-run competitive equilibrium. The rate has to be an economic rate of return 
as explained by Fisher and McGowen, it is useful to think of a target IRR. While simple cost-plus regulation 
may create perverse incentives by enticing the regulated entity to inflate its capital base, there are ways to 
mitigate this tendency. These include redetermination periods of several years during which the regulated entity 
will benefit from any outperformance, efficiency factors requiring the regulated entity to improve operations or 
profit-sharing mechanism if certain targets are exceeded. Just as the regulator can achieve an alignment of 
incentives, so the proper use of transfer prices between different entities in controlled transactions ensures 
overall alignment of incentives at the company level. An added advantage is that projections may be based on a 
company’s business plan, and the target return on the Weighted Average Cost of Capital, adjusted for industry 
and jurisdiction, for example by using an asset pricing model such as CAPM. 

Conclusions 
If the objective of the choice of transfer pricing method is a mere minimization of the tax bill, any method that 
achieves the task will do. However, if the objective is more ambitious and includes an alignment of incentives 
and the efficient running of operations, economic metrics are vastly superior. Indeed, the added benefits from 
efficient and incentive-compatible transfer pricing may result in benefits that outweigh tax savings. This is 
ultimately an empirical question, which awaits further investigation. 
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Overview 
We introduce a methodology to analyze the long-term projection and the associated risks of a company’s future 
cash flows. The enhanced methodology is designed to support, not replace any existing analysis. 

The Cash-Flow-at-Risk methodology supports management to make business decisions with a clear view on the 
effect on the possible outcomes on the cash flow levels in any given year. The analysis helps to support 
management through: 

ò articulating the distribution of projected cash flows and assessing the likelihood of meeting certain targets 
such as the company’s dividend commitment. 

ò assessing financial risk to be able to set, monitor and enforce agreed levels of financial risk appetite at the 
corporate level or any business levels. 

Cash-Flow-at-Risk analysis requires simulation to be run stochastically to determine the range of possible 
outcomes for the overall company financial projections, based on assumed distribution of parameters (Monte 
Carlo simulation).  The analysis provides a description of the risk-reward characteristics that is superior compared 
to a deterministic single point estimate.  

 

Methods 
The traditional approach is to perform scenario analysis to determine possible financial outcomes under 
alternative assumptions. This approach remains an important tool of the cash flow analysis. However, there are 
drawbacks to this approach. Each scenario analysis shows a single alternative outcome; only one variable can be 
changed at a time, and; there is no way of assessing how probable the stress scenario is.  

Cash-Flow-at-Risk analysis provides a superior way of analyzing uncertainty inherent in the financial forecast. It 
provides a tool that allows us to assess the spread of possible outcomes and also assign probability to certain 
outcomes, most importantly the probability that we will achieve a certain cash flow target. The analysis is also 
more flexible than traditional scenario analysis or stress testing in that many variables that drive cash flows can 
be changed and the joint effects on cash flow examined.  The spread of outcomes is also crucial in supporting 
decision making, for example in planning for a safety margin, and in reviewing acceptability of extreme outcomes.  

A major benefit of Cash-Flow-at-Risk analysis is the ability to provide management with the understanding of 
risk factors and drivers that affect the Company cash flows.  These drivers are factored in as the distribution of 
the assumptions that drives the cash flows. 

The Cash-Flow-at-Risk analysis relies on assumptions that are robust, ideally applying forward looking data based 
on the market expectations where available.  

 

Results 
The total cash flows are calculated from the stochastic simulation of its constituent parts, based on probability 
distributions as described above.  The resulting distribution of total cash flows can be analyzed, and be associated 
with probability distribution.  The chart below illustrates an example of total cash flows (free cash flow to equity) 
over 10 years, together with the spread of its likely outcomes. 

 

 

                                                                   

CASH-FLOW-AT-RISK 
Shamsul Anuar, FCA, CFA, CQRM ò +966 13 873 5526 ò shamsul.anuar@aramco.com 
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In summary, the above chart shows the expected envelope of free cash flow to equity, and the threshold of 
probabilities.   

The cash flow result from this stochastic analysis can be compared against a target cash flow, in the example 
above the red line represents the dividend level that has been committed to.   

One of the major conclusions of the stochastic analysis is in revealing the risk of not meeting the target, a risk 
that is not apparent in the scenario analysis.  Even under the stress scenario in the deterministic case, this risk is 
concealed as it may show the targets are met hence giving a false sense of security, as in reality there is still 
sizable chance that this will not be the case.  

The same methodology above can also be easily applied to the business to assess the probability of meeting certain 
cash flow targets at the business segment or business unit levels. 

Conclusions 
The enhanced methodology allows quantification of the company’s financial risks through the measure of Cash-
Flow-at-Risk. Analogous to a bank’s or financial institutions’ trading portfolio, the company’s portfolio of real 
assets could be analyzed using stochastic analysis and a value-at-risk established based on the volatility of future 
cash-flows.  

The quantitative analysis allows the financial risk appetite to be established, gauged and tracked over time, in 
support of other qualitative assessment. 
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Overview 

As stated during COP1 26 in Glasgow, the need for a change in economic growth system in the environmental and 
social sense and, in particular, of a radical energy transition is emerging in a disruptive way. The Russian-Ukrainian 
conflict and the consequent implications on the energy markets, characterized by unprecedented price increases make 
it even more necessary to adopt a new economic development paradigm. The latter is requiring and will require in the 
future to be sustained by huge investments. In this connection, the cooperation among public ande private sector will 
be fundamental and the contribution of financial markets and institutions will complement public investements and 
incentives to reach the target.  

According to the Global Sustainable Investment Alliance, in 2021, the value of professionally managed portfolios that 
have integrated key elements of ESG exceeded USD 17.5 trillion globally. 
The above-mentioned growth is due to at least three factors: 

ò market evidence in many economic sectors suggest that ESG investing can help improve risk management 
and lead to returns that are higher than traditional financial investments; 

ò growing societal attention to climate change, the benefits of responsible business conducts, the need for 
diversity in workplaces and boards is affecting corporate performances; 

ò the necessity to move way from short-term perspectives of risks and returns so as to better reflect longer-
term sustainability in investment performance. 

Methods 
The study analyses the trend of ESG investments at global and European level and describes the current economic 

and energy landscape, with particular reference to the description of the reference regulatory context. We analyze the 
first Delegated Act on mitigation and adaptation to climate change, the supplementary delegated act relating to natural 
gas and nuclear power, the Directive on non-financial information and its revision. A simplified “reading” of the same 
taxonomy is subsequently provided, for the moment with exclusive reference to the objective of climate mitigation 
and with a first focus on the sectors most responsible for climate change itself: energy and transport. The analysis is 
then extended to all other economic activities contemplated in the taxonomy. We devote particular attention to the 
Technical Screening Criteria (TSC) that determine the degree of sustainability of the “eligible” activities.  

We analysed 5000 observations of firms registered in the MSCI database, considering 1391 EU big firms for a total 
turnover of approximately $10 Bln; the energy and transport industries represents the 29% of the total. Among the 
826 ESG variables considered, 370 are environmental variables (E) related to several elements, including emissions, 
carbon footprint, renewable sources, efficiency energy, water consumption, biodiversity and land use. 
The series of variables considered coincide or have a high degree of compatibility with those on which the taxonomy 
Technical Screening Criteria (TSC) are based, with the aim of providing a preliminary assessment of any mismatch 
between the actual features of  business activities and those required by compliance with the taxonomy rules, as well 
as between information that companies make publicly available to date and those that will instead be required on the 
basis of the new non-financial reporting obligations. In fact, this assessment makes it possible to formulate a 
preliminary judgment on the impact of taxonomy on the economic sectors considered.  

Results 
From the analysis conducted, it emerged that the EU taxonomy undoubtedly represents a forward-looking regulation 
designed to radically change the paradigm of economic growth on the basis of new environmental and social goals. It 
also represents a historic opportunity for the modernization of the productive system and for a sustainable economic 
growth, but it will not be risk-free in as it will require huge investments linked to the necessary changes in the strategy 
of companies and the new reporting and disclosure obligations. These could put some enterprises, particularly the 
smaller ones, or even some industries, in a difficul position, also considering the current complicated geopolitical, 
economic and energy context. The analysis has highlighted some initial insights on a very composite scenario where  
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just a few companies have really embarked on a well-defined path of decarbonization, minimization and recycling of 
waste, energy efficiency or rationalization of water consumption. 
A substantial effort, both on the economic and the management side, is hence required in the short term.  
In fact, since  the compliance with the taxonomy is not mandatory (except for the reporting activity), and it does, 
therefore, not require (often long) transposition and implementation times at the national level (typical of other 
legislations), it is paradoxically destined to exert its influence on companies and financial markets immediately. 
 

Conclusions 

In general, it can be said that the impact of the EU taxonomy could be considerable in terms of: 

ò investments: both for companies that will have to make their activity compliant with the new regulation and 
for financial institutions that will have to pay attention to the composition of their portfolios; 

ò reporting and non-financial communication: for companies and financial operators who will have, starting 
from the current year, to review their non-financial communication both from a qualitative and quantitative 
point of view, and for rating agencies that will have to use new and uniform parameters for the processing of 
their scores; 

ò access to credit: for companies that do not carry out sustainable activities, we expect an increase in the cost 
of capital, with a significant impact on the equilibrium of industries. 

 
Such impact will intensify once the the criteria for the other four environmental objectives and the social taxonomy 
are issued. 
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The financial system is shifting towards sustainable and green investments. This transition has 
already started to systematically incorporate and disclose information on ESG indicators into 
business practices, valuation models, and decision-making processes, directing capital flows and 
creating additional incentives for portfolio managers and multinational enterprises. 

9$�"���	

The study is considering a plethora of relevant Environmental, Social and Governance indicators 
that are widely used in Sustainability reporting of Large Enterprises and their linkages with a 
financial model that is developed for a green hydrogen asset in Greece. Two plausible scenarios 
will be developed, one associated with a business-as-usual norm without incorporating ESG 
indicators into the business model while the second integrates ESG performance. The aim of this 
method is to compare the two alternative trajectories and draw useful insights for the role of ESG 
indicators in hydrogen investments. A hydrogen investment opportunity in Greece will be the 
case study on which dependent variables such as ROA, ROE, ROIC, and Tobin’s Q will be applied 
to explore the correlation between financial and ESG performance, by modeling and creating 
scenarios on ESG indicators and investment values.   

$� )��	

The purpose of this paper is to analyze how the disclosure of ESG indicators could affect 
traditional valuation approaches - business models and competitive positions - in hydrogen 
projects, by studying the ESG impact on market and reported firm performance. The results 
compare a business-as-usual (BAU) scenario and the ESG integration (ESGI) scenario. The 
outcomes depict the role as well as the level of profitability of ESG indicators when included in 
the financial analysis. Additionally, it correlates the selected quantifiable ESG indicators with the 
relevant components of the financial model and examines its impact on the financial outcome. 

����) �!���	

The assessments are in the final stages but not yet finalized. 
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Overview 
Apart from the price of energy, there are two influencing factors that control global primary energy consumption, 
namely the total number of people in the world and the average per capita energy consumption of each individual. 
While per capita energy consumption is falling in a large part of the OECD countries, it is rising in other countries, 
e.g., in the Middle East. A global energy demand forecast to 2050 is presented, based on historical growth in per 
capita energy consumption over the period 1965-2021 and on United Nations population projections.

Methods 
Average per capita energy consumption is forecast using modern time series models, the Autoregressive Integrated 
Moving Average (ARIMA) models. Finally, the results of the time series forecasts are combined with stochastic UN 
world population projections to obtain forecasts and prediction intervals of total energy consumption from 2022 to 
2050. We use autocorrelation function (ACF) and the partial autocorrelation function (PACF) in tandem to identify 
the stochastic process of per capita energy consumption between 1965 and 2021.  ACFs and PACFs together with 
the mean of the first differences indicate an ARIMA(0,1,0) model with drift. More complicated ARIMA models 
were also considered, specified, estimated and used for forecasting. An alternative would have been an 
ARIMA(0,1,1) model with drift. However, we were always aware of the principle of parsimony which means that in 
a set of predictive models, the simplest possible models should be chosen. Assuming a normal distribution, the 
standard deviations or variances of total primary energy demand are determined from the limits of the given 
prediction intervals of per capita consumption and world population. 

Results
The forecasts of the global per capita energy consumption are shown in Table 1. In 2050, the point forecast for the 
world per capita consumption is 90.6 GJ, which corresponds to an annual (steady) growth rate of 0.62 percent 
between 2050 and 2022. We describe the uncertainty by the 95% prediction interval. The lower bound is 77.4 GJ 
and the upper bound is 103.8 GJ in 2050. The mean forecast values from 2022 to 2050 as well as the resulting limits 
of the 95% forecast intervals of world total primary energy consumption are shown in Figure 1. In 2050, the median 
forecast is 879.3 EJ. The 95% forecast interval ranges from 748.2 EJ to 1010.4 EJ. The prediction intervals clearly 
show the growing uncertainty with increasing forecast horizon. In addition, the influence of population and per 
capita consumption on the forecast is analyzed. The median forecast of total energy consumption leads to an average 
annual growth of 1.32 percent, whereby the influence of the world population, which grows 0.70 percent annually, is 
somewhat higher than the per capita energy consumption, which increases 0.62 percent annually. Conditional 
forecasts show that the uncertainty in forecasting total primary energy consumption is mainly due to the uncertainty 
in forecasting per capita energy consumption (see prediction intervals in Table 1), whose prediction intervals are 
much larger than those of the world population. 
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Fig. 1. Forecast of the world primary energy consumption with 95% prediction intervals (exajoules) 

Table 1. Forecasts of primary per capita energy consumption (gigajoules)

Year Forecast Lo 80 Hi 80 Lo 95 Hi 95 
2025 77.7 74.5 80.9 72.8 82.6 
2030 80.2 75.4 85.1 72.9 87.6 
2035 82.8 76.8 88.8 73.7 92.0 
2040 85.4 78.4 92.4 74.7 96.1 
2045 88.0 80.1 95.8 76.0 100.0 
2050 90.6 81.9 99.2 77.4 103.8 

Conclusions 
The prediction of global primary energy consumption is based on a combination of the prediction of per capita 
energy consumption and the prediction of world population. The results clearly show that total primary energy 
consumption depends on both future per capita energy consumption and future population growth, with both 
variables having about the same influence. In contrast, the uncertainty in the global energy forecast is largely driven 
by the uncertainty in the per capita primary energy consumption forecast, although the future of world population 
growth appears more uncertain today than it did a decade ago due to stagnant fertility decline in some African 
countries.  The proposed model uses only past values for forecasting. Causal factors affecting energy demand are not 
considered. Time series methods for forecasting the future are suitable as long as demographic, social, political, and 
economic change is slow, continuous, and without breaks or sudden changes in direction, and the past, present, and 
future differ only slightly. 
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Overview 
 People living in remote areas account for 13% of the global population [1]. They usually suffer from a lack of electrici
connection, which increases their reliance on diesel generators. The dependance on fossil fuels as the primary source 
electricity generation is unsustainable due to fluctuating fossil energy prices and high emission values [2]. Renewab
energy resources could solve this problem, but their intermittent nature is another issue. Hybrid renewable energy, whi
combines renewable resources such as PV and wind with backup resources like batteries and standby generators, cou
be promising for achieving sustainability and flexibility in isolated microgrids [3]. A backup generation of diesel, a micr
turbine, or a fuel cell is mandatory in isolated grid, because battery storage is unreliable [4]. The primary source f
charging the battery is the surplus energy of renewable resources from PV and wind. Surplus energy may not always b
sufficient to charge the electrical battery, necessitating a backup generator. Although using diesel and micro-turbines 
backup resources in isolated micro-grids is less expensive than fuel cells, the emissions are higher[5]. Using a fuel ce
requires a source of hydrogen, while importing hydrogen from other prefectures may incur high transportation costs an
risks. Using an electrolyzer for generating green hydrogen from surplus energy is not a stable hydrogen supply. Th
electrolyzer and the reformer combination can provide secure hydrogen production to supply the fuel cells or any oth
application.   
This paper will identify the optimal hybrid renewable for net present cost minimization in an isolated microgrid whi
considering net-zero emissions. It will specify the optimal dispatch of PV, wind, battery storage, and fuel cells when usin
an electrolyzer and a steam reformer with carbon capture utilization and storage (CCUS). It will also consider power 
hydrogen to power process (P2H2P) for supplying the fuel cell. The steam reformer modeling will be part of a combin
heat and power system (Chp) to reduce emissions and costs of CCUS. The management strategy for the electrolyzer an
the steam reformer will be highlighted to reduce the cost of hydrogen generation in the isolated microgrid, which reduc
the overall cost. It will try to display hydrogen between both devices optimally, considering the mid-term storage and t
fluctuation in the natural gas price. The study will be applied in two isolated systems in Egypt, isolated from the ma
grid, which use a diesel generator to supply the electrical load. 
Methods 
This research will determine the best hybrid renewable between PV, wind, battery, and the fuel cell's in isolated microgri
considering hydrogen from electrolyzer and steam reformer with CCUS for achieving carbon neutrality. The objecti
function is net present cost minimization (NPC). The management strategy will be based on determining the optim
operating periods for the electrolyzer and reformer with CCUS to reduce the overall cost of the microgrid. Homer P
optimizer software will be used for micro-grid modeling, and additional assumptions will be added to the model usin
Matlab software to display the thermal load of the steam reformer and management strategies. The research will 
conducted in two isolated systems, the first in East Owinat in Egypt's western desert and the second in a remote locatio
near Minia prefecture. Both systems are disconnected from the main grid and used for supplying residential loads an
submersible pumps for acres reclamation. 
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Fig. Main Microgrid Components 

Results 
The results will show the optimal dispatch of PV, wind, battery storage, and fuel cell for net present cost minimization.
will demonstrate the benefits of using P2H2P to supply fuel cells in reaching net zero emissions. The model will use t
electrolyzer to generate hydrogen from surplus energy and directly from the micro-rid. It will also show the modeling 
the steam reformer as a part of the combined heat and power (Chp) of the microgrid and its impact on reducing the co
of CCUS. The optimal operation of the electrolyzer and the reformer is another concern. The study will demonstra
management strategies' role in displaying the electrolyzer and reformer with CCUS in reducing the overall system cost
Conclusions 
Isolated grids, particularly in Africa and Asia, pose a significant threat to the environment, with many still relying o
diesel generators and burning wood for stoves and heating during the winter. Hybrid renewable will be a promisin
solution for carbon neutrality and increasing system flexibility. In remote areas, hydrogen is critical for supplying fu
cells as an essential backup resource. The study will elaborate the optimal dispatch of PV, wind, battery, and fuel ce
for the net present cost minimization as an objective function, considering electrolyzer and steam reformer with CCU
It will show the importance of management strategies between the electrolyzer and the steam reformer with CCUS f
reducing the overall cost of the microgrid. It will also suggest three management strategies for providing hydrogen f
P2H2Pprocess. The study will achieve sustainability by replacing diesel generators with fuel cells driven by hydrog
generation, using Chp to provide heat for the reforming process to reduce the reliance on natural gas, and usin
management strategies for reducing the hydrogen Levelized cost and the entire microgrid cost. 
References 
1- N. Ninad, D. Turcotte, and Y. Poissant, ``Analysis of PV-diesel hybrid microgrids for small Canadian arct

communities,'' Can. J. Electr. Comput. Eng., vol. 43, no. 4, pp. 315_325, 2020, doi: 10.1109/cjece.2020.2995750.  
2- A. Guerello, S. Page, G. Holburn, and M. Balzarova, ``Energy for off-gridhomes: Reducing costs through joint hybr

system and energy ef_ciencyoptimization,'' Energy Buildings, vol. 207, Jan. 2020, Art. no. 10947
doi:10.1016/j.enbuild.2019.109478  

3-  A. A. Eajal, A. El-Awady, E. F. El-Saadany, K. Ponnambalam, A. Al-Durra, A. Al-Sumaiti, and M. Salama, ``
Bayesian approach to the reliability analysis of renewables-dominated DC microgrids,'' IEEE Trans. Power Syst., ear
access, Feb. 3, 2021, doi: 10.1109/TPWRS.2021.3056314  

4- B. Hodge, Alternative Energy Systems and Applications, 2nd ed. Hoboken,NJ, USA: Wiley, 2017, pp. 143_167.  
5- E. G. Vera, C. Canizares, and M. Pirnia, ``Renewable energy integration in Canadian remote community microgrid

The feasibility of hydrogen and gas generation,'' IEEE Electri_c. Mag., vol. 8, no. 4, pp. 36_45, Dec. 2020, do
10.1109/MELE.2020.3026438.  

 

 

WIND PV

MICRO-
TURBINE

FUELCELL

BATTERY

CONVERTER

REFORMER

YTY�U�ZT��Y�

ELECTRIC 
LOAD

THERMAL 
LOAD

AC-BUS DC-BUS

E
n

e
rg

y
 M

o
d

e
li

n
g



464

Forecasting Solar Irradiance in Saudi Regions Via Machine Learning &
Artificial Neural Networks

[Subah M Alkhaldi, Saudi Aramco, 00966501548517, subah.m.alkhaldi@gmail.com]

��������
Solar irradiance intensity, abundance and predictability are critical parameters in the design and operation decisions
of solar energy systems. Data collection points (i.e., solar irradiance measuring devices) are not widely utilised in
Saudi Arabia. This poses great importance in developing methods of extracting valuable information from available
data. The objective of this paper is to assess the viability of solar energy system locations through investigation of
irradiance predictability of Saudi regions. In this project, Saudi Arabian weather is employed for an examination of
machine learning algorithms with the use of multiple parametric data provided by public domain entities including
Photovoltaic Geographical Information System (PVGIS), King Abdullah City for Atomic and Renewable Energy
(KACARE) and mainly the National Renewable Energy Laboratory (NREL). The models use quantitative measures
for accuracy such as Mean Absolute Error (MAE), Root Mean Square Error (RMSE) and the Coefficient of
Determination (R) for both Machine Learning and Long-Short Term Memory techniques.

�������
In this paper, both traditional machine learning models and state-of-the-art Long-Short Term Memory are analysed
and compared. First, Exploratory Data Analysis is conducted giving a holistic view on the current trends and
seasonality effects. Before applying any method, the raw data is processed and cleaned from any abnormalities,
missing values, outliers and flagged values of low quality. While methods are implemented, trade-offs are stated in
the analysis between bias and variance. Additionally, Hyperparameter tuning with both Principal Component
Analysis (PCA) and K-Fold Cross-Validation are discussed. The analysis is conducted through multiple temporal
horizons (daily, weekly, and monthly) to assess the capabilities of the models and the observed effects such as
daylight and night as high frequency events and seasonality for lower frequencies.

�������
The most accurate performing model for daily predictions seems to be always under the family of ‘Gaussian Process
Regression’ models for all locations of interest which seems to correspond with the expectation of non-parametric
flexible models performing better than the others due to their low intrinsic bias. It is also shown that for the long
temporal horizon to be predicted (i.e., the 5th year for all locations in this case), predicting longer periods of time
gives generally better performance, monthly followed by the weekly and daily respectively since for daily it is
highly noisy, requiring low pass filtering, relative to such a long horizon.

Models with lower performance for specific locations, such as Abha, indicate that such locations might be
intrinsically hard to predict. This can be explained with multiple factors such as geographical location, climate and
height. To verify findings, data were benchmarked and it is shown that through a 31-day moving average the sources
of data converge to similar values. This presents the accuracy of the data used for analysis.

Lastly, model agnostic interpretability of the black box machine learning model is conducted with the use of
individual conditional expectation (ICE) charts as well as M-plot correlations to uncover hidden patterns.
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!����������
Solar Global Horizontal Irradiance (GHI) is predicted through both machine learning and long-short term memory
data analysis techniques showing different predictive potentials from the available data. It is concluded that:

1. Predictions of solar irradiance through utilisation of machine learning and long-short term memory provide
critical insights into the predictive potentials of Saudi Arabian Regions.

2. Machine learning excels in short temporal horizons whereas long-short term memory method performs
better in long-term trends.

3. Model agnostic techniques for enhancing interpretability of the black box machine learning model have
been conducted and show the relation between features (temperature and relative humidity) and the
response variable (GHI).

This analysis could be further developed to include a detailed explanation of the extent of the effect of geo-climatic
modelling as well as various temporal horizons. In addition, further investigations to the boundaries at which the
models perform with the least cost and highest efficiency should be done to clarify their limits and provide potential
justifications.

����������
In the full paper.

E
n

e
rg

y
 M

o
d

e
li

n
g



466

�

Overview 
Inventory level is seen as one of the major indicators of the global oil market by analysts and policymakers 
2021, Nasdaq 2022). It is driven by the market fundamentals, such as shifts in supply and demand, as well as
operational, security and speculative considerations of market participants. Hence, the level of oil invento
affected by the shocks in the global oil market and global economy in general, as such shocks represent a dis
of market equilibrium caused by a change in a supply or demand determinants. 

Recently, the occurrence and magnitude of economic and geopolitical shocks impacting the global oil mark
intensified, putting a spotlight on subsequent reactions of market indicators. In the case of crude oil stoc
response has not been uniform and not always aligned with the theoretical frameworks. Presumably, in respon
supply shock, oil inventories should increase as market players anticipate higher future prices and potential 
shortages. Only after a certain period the inventory level is expected to fall as the shock is absorbed by the s
However, a variety of historical response patterns has been observed depending on the location of stocks 
market conditions (Caffarra 1990). 

This study aims to contribute to understanding of potential responses of oil inventory levels to supply sho
modelling such impacts for specific economies and under various market conditions.     

Methods 
To assess the effect of external economic and political shocks on oil markets, we adopt a counter-factual a
approach. We utilize the KAPSRAC global vector autoregression oil and inventory model (GOVAR), a s
GVAR model, which was developed to assess the effects of hypothetical economic and political shocks to the
oil market (Considine et al. 2021). The model builds upon the GVAR model developed by Mohaddes and P
(2016), which covers 33 countries quarterly from 1979Q4 to 2015Q4.2 Our additions to Mohaddes and Pesaran
include the modification of the price equation and country-specific models to incorporate a new variable, OE
inventories, the extension of the dataset to 2022Q1, and the addition of three major oil-producing countrie
Russia, and Venezuela. Resulting model characteristics make it particularly suited to this analysis: First, the ex
GVAR framework captures the interactions between many countries. Second, world oil supplies and inventor
modelled jointly with key global and country-level macroeconomic variables.  

We run two sets of counterfactual scenarios that represent different oil market conditions: “tight” oil market ob
in 2022Q1 and “loose” market based on 2018Q3 data. Under each set of scenarios, we – in turns – shock (redu
output of oil producers: Iran, Russia and Mexico and explore the impacts of these shocks on oil inventories
country and global scales. 

Results 
Induced oil supply shocks generate a heterogeneous response across the observed economies. Japan and South
in most scenarios tend to increase their stock level, while the US and the UK reduce their inventories. Such dive
has been observed in reality: historically – in response to the Gulf crisis of 1990 (Gaffarra 1990) and more rec
during the conflict in Ukraine. In the latter case, oil inventories in Japan and South Korea increased from Febr
April, followed by a drawdown induced by the SPR release coordinated by the US and the IEA. The oil stock
US during this period, conversely, have been consistently declining (JODI 2022).  

The impact of supply shocks on oil inventories also varies depending on which supply source is affected. A cu
production of Russia leads to a clear division in response among western (US, UK, Canada) and eastern (Japan

GLOBAL OIL INVENTORY RESPONSES TO GEOPOLITICAL SHOCKS 
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Korea) economies, where the former reduce their oil stocks and the latter – increase. Shocking Iran’s output results in 
a more mixed response: inventories in South Korea decline in contrast with the increase in Japan (Japan responds 
consistently across all scenarios) and with the quick rebalancing observed in the US and UK. Finally, reduction in oil 
supply from Mexico induces a nearly uniform increase in oil inventories in the economies in question.      

Finally, movements in oil inventories seems to be conditional on the state of the market. Expectedly, under “loose” 
market conditions (characterized by higher baseline inventory levels) supply shocks eventually result in lower oil 
stocks compared to the “tight” market settings. “Loose” market also tends to rebalance quicker if the initial reaction 
is to decrease the level of inventories. Similarly, the “tight” market demonstrates faster absorption of initial shock 
marked by the inventory buildup. This behavior is observed in reality and can be explained by the desire of market 
participants to capitalize on higher prices resulting from the shock and by the desire of policymakers to balance the 
supply and demand though inventory release. 

Conclusions 
Economic and geopolitical shocks tend to reverberate through global oil markets in a variety of patterns. Despite the 
global nature of the crude oil market, the response of oil stocks to such supply-side shocks is defined by the affected 
producer(s), behaviour of specific importers and the general state (defined by the pre-shock inventory levels) of the 
market. This variability makes it extremely difficult to predict the new market equilibrium, which would emerge from 
unexpected or planned (e.g. resulting from sanctions) market disruptions. Specifics of bilateral trade relations and 
varying pre-existing market conditions may result in unexpected consequences of such policy interferences. 

Moreover, potential policy responses to market shocks (SPR release, protectionist measures among others) can distort 
the market balance. Such policy scenarios (or historical precedents) need to be taken into account for better 
understanding of how these markets function. 

However, our simulations confirm certain patterns in how oil inventories react to supply shocks depending on market 
conditions and importing countries, confirming the applicability of the GOVAR model to the problem in question. 
Further research lines may focus on exploring the behaviour of oil product stocks – diesel and gasoline – and the 
balance of crude and products inventories in response to market shocks.  
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FLEXIBILITY REQUIREMENTS AND INCENTIVES FOR STORAGE 
INVESTMENTS IN FUTURE EUROPEAN POWER SYSTEMS  

 [Derck Koolen, European Commission: JRC Dir. Energy, Transport and Climate, +31 224 56 5958, derck.koolen@ec.europa.eu] 
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Conclusions 
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Overview 
 
In the lead of COP 26, Saudi Arabia announced achieving net-zero emissions by 2060 under the umbrella of the 
Saudi Green Initiative. To achieve this target, the share of electricity in the final energy mix of the Kingdom will 
have to increase irrespective of the pathway chosen. The fuel mix of Saudi Arabia’s electricity generation comprises 
conventional fuels (oil and natural gas) and a negligible share of renewable energy. Hence, decarbonizing the 
electricity generation mix of Saudi Arabia is of utmost importance and will require a complete transformation from 
the current fuel mix. This study explores various electricity generation technology options relevant to the Kingdom, 
including carbon capture for achieving net-zero emissions by 2060. We also look at the required investment for each 
technology option in the long term. 

Methods 
 
For this study, we use a modified version of the Global Change Analysis Model (GCAM v6.0), where we have 
separated the Kingdom of Saudi Arabia (KSA) as a separate energy-economy region, i.e., GCAM–KSA includes 33 
energy-economy regions (32 original regions plus KSA). Our scenarios are built on the emission scenarios 
developed by Ou et al. (2021). More specifically, we focus on two emission scenarios that reflect alternative 
pathways of climate policy regimes and their associated global GHG emissions. The reference scenario (green line 
in Figure 1) reflects a no climate policies world (i.e., a counterfactual scenario). The NZE-2060 scenario (red line in 
Figure 1) assumes that KSA will achieve carbon neutrality in 2060. For the rest of the world, we assume that the 
remaining 32 regions will achieve their updated NDCs by 2030, their NZE pledges if announced by their target year. 
For regions without NZE pledges, an annual rate of improvement in CO2 emissions per unit of GDP is assumed to 
be in line with a 2 °C world. In the case of the Kingdom, we show that an NZE-2060 scenario requires deploying 
various technology options for the power sector, such as solar, wind, geothermal, nuclear, and gas, with carbon 
capture. 

Results 
 
Our initial results show that by 2060 more electricity generation will be required in the net-zero scenario compared 
to the reference. Saudi Arabia’s power sector will completely transform with a diversified fuel mix to reach net-zero 
emissions by 2060. Along with a significant share of renewable energy sources, electricity generation by natural gas 
with carbon capture will be the most critical technology. Nuclear electricity generation will also find its way into the 
fuel mix and play a vital role in the Kingdom's decarbonization of the power sector. 
 
Figure 1 (LHS) Electricity generation in the Kingdom of Saudi Arabia for a reference and a net-zero scenario; 
(RHS) the absolute fuel-wise generation difference in the net-zero scenario w.r.t. the reference scenario 
 

                                                                   

Saudi Arabia Net-Zero emissions by 2060: Transformation of the electricity sector 
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Conclusions 
Our initial key takeaway is that in addition to electricity generation through solar and wind, gas generation with 
carbon capture will be the critical technology for Saudi Arabia to reach net-zero emissions from the power sector. 
Also, nuclear generation will find its way into the fuel mix for electricity generation. 
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Overview 
Historically, the U.S. federal government leaves most of the decisions related to the climate agenda and carbon 

goals to the states. Thus, instead of relying on a country-level emission trading system (ETS), as the EU does with its 
ETS, the states are free to set their own goals and policies to support them. A notable exception to the individual 
approach has been a cooperative effort to implement the Regional Greenhouse Gas Initiative (RGGI) by several 
Eastern States of the U.S.. Announced as “cap-and-invest” program, RGGI has been set up to incentivize the switching 
to clean energy. With individual CO2 budgets, the eleven participating states attempt to limit their emissions from 
power generation.   

A decade after the introduction of the RGGI, data gave rise to an increasing number of studies assessing its 
efficiency. The common approach has been to compare the CO2 emissions and fossil fuel usage between RGGI and 
non-RGGI states. While studies agree that RGGI serves its purpose, several issues have been raised. First, the 
limitations in the ability to account for the “shale revolution”: the growth in the natural gas supply and the sharp 
decline in the natural gas prices have coincided in time with the introduction of RGGI raising a question on to which 
extent the observed effect is induced by RGGI (Yan, 2021). Second, it was suggested that RGGI may have caused 
“carbon leakage” with the carbon intensive production outsourced to non-RGGI states affecting the observed CO2 
gap (Lee and Melstrom, 2018).   

Methods 
The aim of our study is to address the raised issues. We develop a procedure enhancing the synthetic control 

method previously applied by Kim and Kim (2016) for RGGI analysis (Abadie and Gardeazabal, 2003). We 
implement the procedure to re-evaluate the previous results and report the changes. Considering the impact of the 
shale supply, we turn to the statistics on the production and import of unconventional natural gas by the states adjacent 
and remote from the RGGI, paying special attention to the growth of the Marcellus shale play located next to the 
RGGI states in the north-east of the U.S. and remote production in Texas and Louisiana. We build the counterfactuals 
for each RGGI-participating state testing the robustness of the previous results by including other the states form the 
Appalachian region, which may experience carbon leakage and the natural gas supply shock. We analyze the 
differences with those states using a different donor pool.  

Results 
Our results imply that while the RGGI system indeed helped to reduce the CO2 intensity of electricity production, 

in part the fuel shift should be attributed, as previously suspected, to the availability of cheap shale gas. We 
complement our analysis by computing the elasticity of interfuel substitution and its evolution over time for the 
different regions and find that states in the Marcellus play region exhibit a higher elasticity of substitution for coal and 
gas when compared to the remainder of the US states. Finally, we use the synthetic control and the elasticity model to 
project the response of Pennsylvania to joining the RGGI. 

                                                                   

EMISSION TRADING OR LOWER ENERGY PRICES? RE-ASSESSING THE IMPACT 
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Conclusions 
In conclusion, we find that the implementation of the ETS by the RGGI, accompanied by the “shale revolution” 

are an ideal case for the application of the synthetic control method. Existing studies have not investigated the effect 
of coincidence of the two events. Thus, we suggest a new framework to quantify and separate the individual 
“treatment” effects. Using  US state-level data, we create the counterfactuals in order to identify the regional extent 
of the effects and differentiate them. Still evolving, the methodology on the novel the synthetic control approach is 
finding its way into different branches of economics. Our study therefore calls for further investigation of energy 
related questions that take into account current developments in this method. 
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Overview 

Recently, renewables are being developed in the context of reducing CO2 emissions and climate change. Most 
renewable energy resources are intermittent due to their weather dependency. They need energy storage to be 
dispatchable. Concentrated solar power (CSP) has thermal storage inherent in the system that makes it dispatchable.  
CSP is a technology that generates power by concentrating solar energy onto a receiver and then using the heat in a 
power generation cycle. CSP has potential in regions with high direct nominal irradiance, but its capacity deployment 
is still limited due to its high capital expenditure (CAPEX). However, future energy mixes will likely include different 
types of renewable energy resources including CSP to replace fossil fuels and reduce emissions. The inherent thermal 
storage in CSP systems make their valuation a bit more challenging in energy expansion models. This study will model 
and analyze the CSP in long term expansion modeling of the Saudi power system to assess its potential role in the 
energy mix to achieve Saudi Arabia’s 50% renewable energy target by 2030. 

Methods 

Energy system analysis is conducted using the Energy Exemplar power systems software, PLEXOS, to simulate the 
long-term energy expansion. CSP yield analysis were done using the System Advisor Model (SAM). The output of 
SAM estimates for CSP plant productivity using hourly historical weather data for Saudi Arabia are then fed as an 
input data in PLEXOS (Narimani et al, 2017; and Denholm et al, 2014). The performance data in addition to financial 
assumptions form the CSP candidates’ inputs in PLEXOS. The Saudi power system is modeled by dividing the 
kingdom load into six regions and taking the base year as 2018 (Elshurafa et al, 2021). We conduct a long-term study 
for the entry of CSP into Saudi Arabia’s power system until 2030. The renewable energy options in our analysis are 
PV solar, CSP, and wind power. Also, we included battery energy storage candidates as options. Two scenarios were 
considered on the modelling, one with CSP candidates, and another one without. Then we analyzed what the 
generation mix would be in 2030 in the case of 50% renewable energy and 50% natural gas with the retirement of 
fossil fuels generators.  

Results 

The results are focusing on the comparison between two scenarios; one is the Saudi power system with CSP candidates 
and another scenario without CSP candidates. The resulting two different technology mix scenarios for the 50% target 
by 2030 and the findings are compared and contrasted based on different criterias. First, the cost differences for both 
scenarios to measure the effect of the CSP entry on the long term planning cost. We compare the Levelized cost of 
energy (LCOE) between both scenarios in terms of the mix of technologies used in each one (e.g., the number of 
installed batteries in each scenario and the other technologies). Given the high Capital costs of CSP, the economic 
optimization of the system did not build any units of it. Therefore, a constraint was added to include at least 10% of 
CSP in the total installed capacity by 2030 as shown in Figure 1. This percentage will allow us to study the effect of 
the presence of CSPs on the acceleration of reaching the 50% renewables goal by 2030 and the effect of CSPs on 
accelerating the retirement of fossil fuel-based generators.  

Finally, based on the technologies mix, we compare the Loss of Load Probability (LOLP) to evaluate the system 
reliability for the scenarios by including the forced outage rate for each renewable energy technology. The goal here 
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is to measure the impact of CSP’s entry into the Saudi power system and its contribution to reaching 50% renewable 
energy and 50% natural gas generation mix by 2030. 

 
Figure 1: The installed capacity results for the two 50% renewables mix scenarios by 2030  

Conclusions 

The entry of new renewable energy technologies into the power system is expected in the coming years, and studying 
the impact of these technologies can make reaching the Kingdom's power sector goals faster and more reliably. 
Through our study, we measured the impact of the CSP entry into the power system to have a better understanding of 
its contribution to the system cost, reliability, and acceleration of reaching the 50% renewables goal by 2030.  

In addition to measuring the impact of the CSP's entry into Saudi Arabia's power system, the costs of the technology 
are still high compared to other renewable energy resources. A significant cost reductions and increased deployment 
is needed to bring the cost down. Alternatively, the power system benefits that CSP can bring may offset its costs and 
make a valuable resource in the energy mix. The findings of this study can be used to compare CSP with other 
technologies in the future to assess how they may affect the renewable energy generation mix in Saudi Arabia. 
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Overview 
The Korean electricity market structure is a 

CBP(Cost Based Pool). Due to this type of 
electricity market, the cost of a Genete unit is 
set by KPX(Korea Power Exchange). 
Generation companies have to bid only for 
capacity when they participate in the electricity 
market. Therefore, information on SMP(System 
Marginal Price) may seem unnecessary. Still, 
SMP is an important component of the 
electricity market[1]. Suppose the Korean 
electricity market changes to the PBP(Price-Based Pool) market. In that case, forecasted SMP will contribute to 
establishing strategies for price bidding by generators. 

KPX(Korea Power Exchange) forecasts the load and receives offers for capacity from generation companies 
one day ahead. It then determines the market price by producing a PSS(Price Setting Schedule) set up by a program 
that minimizes the total production cost of generating units. In the PSS, SMP for each hour is calculated to meet the 
demand for each hour. The marginal price of the most expensive generating unit in the PSS is the SMP, and that unit 
becomes the marginal plant(the last plant in merit order)[2]. 

Many studies in forecasting SMP have included predictions using rough set theory and ANN(Artificial Neural 
Network) and long-term forecasting using a periodic pattern of SMP decomposition and oil price[3-4]. This paper 
suggests a 2-Stage method that predicts SMP at the second stage using load from the first stage. The electricity 
demand data is important to forecast SMP. Therefore, predicting SMP through load forecasting is helpful for 
operators with sparsity information. 

To forecast SMP, models are used, such as Support Vector Machine(SVM), Random Forest, XGBoost(eXtream 
Gradient Boost), and LSTM(Long Short-Term Memory). Because they are still often used nowadays and have each 
strength. SVM model has less impact on error data, XGBoost and Random Forest do not overfit well, and LSTM is 
proper for time series forecasting. The algorithm trains data from the first in January to the before test day using 
forecasting models and calculates predicted SMPs. The prediction performance based on the ensemble of the above 
models is expressed through MAPE(Mean Absolute Percentage Error), nRMSE(normalized Mean Absolute Error), 
nMAE(normalized Mean Absolute Error) in the Result sector, and future research plans to develop the paper are 
written in the Conclusions. 

Methods 
Predicting algorithm for SMPs using the 2-Stage method is illustrated in 

Figure 2. At the load forecasting stage, weather data, including temperature and 
amount of sunlight, historical demand of a day before, and time information(i.e., 
hour, month, and day of the week) are used. Weather data provided by the Korea 
Meteorological Administration[5] are classified by region. Therefore, in this 
paper, national weather data were constructed by weighting based on the amount 
of regional load consumed[6]. One of the above forecasting models is used for 
predicting load and the last three forecasting models repeat the same process. 

Before load predicting, important variables need to be selected to increase 
the performance. The algorithm uses SHAP(Shapley Additional exPlanations) 
method and the Pearson Correlation Coefficient method. The SHAP method 
measures the importance of variables, and the Pearson Correlation Coefficient 
method measures linearity between variables. 

                                                                   

Short-Term System Marginal Price Forecasting Using 2-Stage Variable Selection 
Approach 
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Figure 2. 2-Stage method 

Figure 1. SMP determination
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The variables with high linearity in prediction need not be 
used together and decrease forecasting performance, so this paper 
removed them. 

The SHAP method is an artificial intelligence method that 
explains the relationship between the input variable and the result 
value of the forecasting model through Shapley Value[7]. The 
importance of variables for forecasting load is expressed in Figure 
3. The Shapley Value is obtained according to the change due to 
the addition or removal of the corresponding variable from the 
combination of various variables. 

The Pearson Correlation Coefficient indicates the degree of 
linear relevance between two variables and has a value between –1 
and 1. The more significant the absolute value of the Pearson 
correlation coefficient, the more significant the correlation, and the 
sign indicates the direction of the correlation. When the Pearson 
correlation coefficient is expressed in Figure 4, it confirms that all 
variables have a low correlation, except that the correlation between 
the month variable and the temperature variable is slightly higher at 
0.67. 

At the SMP forecasting stage, SMPs are calculated using load 
forecasting results, fuel costs of each generator such as nuclear, coal, 
natural gas, oil, and the capacity of each fuel resource. This paper 
used the algorithm to conduct SMP predictions quarterly for the 
season in 2021, and testing was born three days after the training. 
All models were applied to each stage prediction. Thus experiments 
were conducted with a total of sixteen ensemble models. 

Results 
The XGBoost-Random Forest ensemble method makes the best performance for forecasting SMP. When 

forecasting SMP, the Random Forest model’s case using load data from XGBoost performs best. That ensemble 
method performed about 1% better in MAPE than other ensembles, and compared to other studies using Artificial 
Neural networks, the performance was measured slightly better. And in general, XGBoost performs the best for 
forecasting load, and Random Forest performs the best for forecasting SMP. In demand forecasting, six variables 
were selected through the SHAP method for sixteen weather, time, and historical demand variables. The prediction 
performance was increased by about 0.5% in MAPE by removing unnecessary variables. 

Conclusions 
After classifying dates such as weekends, weekdays, and special days according to load patterns, the forecasting 

performance will be measured, and the recently presented forecasting model will be used for that algorithm. 
Suppose these algorithms include long-term forecastings such as demand, fuel cost, and capacity. In that case, it will 
be possible to establish a long-term SMP outlook, contributing to the generator installation, capacity planning, or 
investment. 
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Figure 4. Pearson Correlation Coefficient 
for input variables 

Figure 3. SHAP value of  
the input variable  
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The past decade has witnessed sustained cost reduction and rapid diffusion of renewable energy technologies such 
as wind and solar photovoltaic (PV) (IRENA, 2022). Though solar energy is the most abundant energy resource 
on earth, it is available only during the daytime and is dependent on the weather condition (Parida et al., 2011). 
However, the sun never sets from a global perspective, and half of the earth is bathed in sunshine at any given 
time. An idea to utilize the never-set solar radiation is to build an inter-continental transmission network to connect 
different time zones and trade renewable energy across borders. This initiative is known as One Sun One World 
One Grid Declaration (OSOWOG), which was jointly released by the Prime Ministers of India and the UK at the 
COP26 Climate Meet in Glasgow. One potential benefit of this initiative is to use energy at night in one part of 
the world generated from solar on the other side of the world where it is daytime. This might reduce storage and 
back up generation capacity needs at night, thus, enhancing the viability of solar projects.  
There are a handful of studies investigating the interconnection of two or more continents for the renewable future. 
(Reichenberg et al., 2022) investigated the cost benefit of a Eurasian interconnection between China, Mid-Asia 
and Europe and showed that a super grid option decreases total system cost by up to 5%, compared to continental 
grid integration. (Breyer et al., 2020) evaluated the effect of integrating nine “major regions” of the world in a 
potential global grid and found that the cost benefit of doing so is 2%. (Bogdanov et al., 2016) suggested a cost 
reduction of 1.3% by connecting Europe, Eurasia, Middle East and North Africa. These studies all assume a 
homogeneous cost of capital across the world without considering the additional investment risk for less 
developed and less stable counties. Apart from the resource endowment, the economics of extracting solar 
resource also depend on the socio-economic, man-made reality. The cost to finance any economic endeavor, and 
especially so projects characterized by high upfront investment costs like solar, is highly dependent on cost of 
capital which varies between countries.   

V���X\��

Here we assess the techno-economic cost benefits of connecting different time zones for the future renewable 
energy system. We also take into account the heterogeneity of cost of capital between countries, as argued by 
(Egli et al., 2019), the practical importance of which is emphasized in (Muttitt et al., 2021). Technically, we use 
a techno-economic cost optimization model for capacity expansion with hourly time resolution (Reichenberg et 
al., 2022) to model six interconnected sunny regions: Australia, South Asia, Middle East and North Africa, Central 
and South Europe, South America, Central and North America (see Figure 1). Specifically, we evaluate the inter-
continental supergrid option for a renewable energy system in 2050 under different assumptions for technology 
costs; land availability for solar and wind installations; carbon cap; uncertainty of future electricity demand and 
availability of nuclear power. 

 

<�*����
 The modeled interconnected regions. Each region shown in this map is divided into several small subregions and 
these subregions are interconnected with transmission network. 
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The cost for the entire energy system is evaluated with and without the inter-continental supergrid option. We first 
calculate the system cost based on a uniform cost of capital 5%. The supergrid reduces the system cost by 5% 
compared to the case in which the six regions are modeled in isolation. Wind and solar together dominate the 
generation capacity mix with the total share reaching 89%. The supergrid option favors more onshore wind power 
with the share increasing from 41% in the isolated case to 47% in the inter-continental case. By comparison, the 
share of solar PV experiences a slight decrease from 41% to 39% due to supergrid. We also investigate the benefit 
of connecting only neighboring regions. The largest cost benefit is observed for connecting Middle East and North 
Africa (MENA) to Central and South Europe, with the system cost reduction reaching 7%. Connecting the 
Americas reduces the system cost by 3%, while connecting Australia to South Asia only reduces the system cost 
by 1%. The relatively large cost reduction for connecting MENA to Europe is likely due to tapping the abundant 
renewable resources from MENA to meet the high energy demand in Europe.    
To better evaluate the impact of trade between different time zones on the day-night smoothing of solar power 
output, we investigate one scenario where Europe is not included in the global electricity network.  In this case, 
the regions included in the inter-continental supergrid span over 17 time zones, covering sunny countries from 
Australia to the US. The cost reduction due to supergrid is 2.8% which is lower than the cost reduction when 
Europe is integrated. 
When considering the country-specific cost of capital, the inter-continental supergrid only reduces the system cost 
by 2.3%, which is not surprising. Some countries endowed with good renewable resources are enduring political 
and social unrest, where the cost of capital is very high, e.g., Venezuela and Sudan. The heterogeneity in 
investment risks highly influence the cost of developing renewable energy (Kan et al., 2022). One typical example 
is the region MENA. For the case of uniform cost of capital, when connecting MENA to Europe, Europe relies 
heavily on importing renewable energy from MENA. There are obvious surplus generation in African countries 
with good renewable resources. By comparison, the energy export from MENA to Europe is evidently lower when 
applying the country-specific cost of capital. Correspondingly, the generation in North Africa shifts to countries 
with relatively low cost of capital, e.g., Egypt. As for inter-continental connection, the transmission capacity 
between MENA and Europe in the case of country-specific cost of capital is only 38% of the capacity in the case 
of uniform cost of capital. Given this, using North Africa to tap solar resources, as previously suggested by (Van 
Wijk and Wouters, 2021), is perhaps not as economically attractive as the solar radiation data alone might suggest. 

�����������
We evaultae the cost-effectiveness of an inter-cotinental supergrid connecting Austrila to the US for the renewable 
future. Our results show that the supergrid reduces the system cost by 2.3% with country-specific cost of capital, 
while the system cost is reduced by 5% for an optimistic future where countries experiencing political and social 
unrest evolve socio-politically such that their costs of capital decline over time. The globally heterogeneous cost 
of capital highly influence the cost of providing renewable energy in a future renewables-based energy system.  
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Overview 
 
Based on a variety of export-oriented industries including oil and gas, the Kingdom of Saudi Arabia has the largest 
industrial sector in the MENA region. Since the launch of the Vision 2030, the government of Saudi Arabia has 
successfully implemented enormous initiatives and structural reforms, including financial and administrative support 
to the industrial sector for economic transformation.These include a well-developed infrastructure, high-quality 
utilities and a well-established logistics network, enhancing local content, and the establishment of the SIDF (Saudi 
Industrial Development Fund) that has promoted industrialization. Another important initiative was the National 
Industrial Development and Logistics Program (NIDLP), which the Saudi Arabian government took in 2019 to achieve 
the goal of economic diversification towards sustainable growth by promoting a globally attractive investment 
environment in the country.  
Industrial sector is the largest sector of Saudi Arabia’s economy and has played a vital role not only in the 
strengthening of the economic growth but also in generating employment opportunities in the country.  The industrial 
sector has experienced rapid growth over the last five decades. The industrial value added in Saudi Arabia increased 
sharply during 1970-2021.  In 2021, industrial value added (at constant 2015US$) was US$278 billion, which is 3.5 
times the level of the 1970s, and the corresponding growth rates were 5% over the same periods (WDI 2022).  
However, the fluctuation was observed in the share of the industrial sector in total GDP. The average share of industrial 
value added in GDP was 68% in the 1970s and it reduced to 53% in the 2020s (WDI 2022).    
Total energy consumption in Saudi Arabia's industrial sector grew rapidly during the period 1990-2019, with an annual 
growth rate of 8.3%. The natural gas and heavy fuel oil (HFO) are the main fuels consumed by Saudi Arabia's 
industrial sector.  Between 1990 and 2019, the average annual growth rate of natural gas was 10.5%, fuel oil 6.8%, 
and electricity was 14.2%. The industrial sector of Saudi Arabia accounted for about 50% (Alarenan et al. 2020) of 
total energy consumption. Based on the proposed economic diversification strategy in Saudi Vision 2030, it seems 
likely that Saudi Arabia's industrial sector will continue to grow rapidly for a long time, owing to the high demand for 
energy. Therefore, the industrial sector, as a major energy consumer, has a much stronger incentive to switch to 
alternative fuels.  
An investigation of substitution between different energy sources in industrial sector of Saudi Arabia is important for 
at least two reasons; first, because of the opportunity cost of domestic oil consumption in the industrial sector, and 
second, from an environmental perspective. Because the consumption of different types of energy is associated with 
different levels of emissions. Substitution between fuels is an important topic of research as governments around the 
world seek to implement policies to reduce carbon emissions from certain type of fuels. 
Because of its unique geographical and climatic location, Saudi Arabia has an impressive natural potential for solar 
and wind power, making the use of renewable energy sources economically attractive. In this regard, Saudi Arabia 
has initiated several projects to diversify the country's energy resources and improving its energy mix.   
The potential for inter-fuel substitution between oil, gas, and electricity in Saudi Arabia's industrial sector is a worthy 
research topic in the context of economic and environmental importance, as well as renewable energy resources. 
Reducing dependence on oil in industrial sector in favor of other energy sources has important implications for Saudi 
Arabia's economic growth, oil exports and environment.   

Methods 
 
To estimate energy demand elasticities, the standard approach in the energy economic literature is use a trans-log cost 
function. In this study, we use a log linear trans-log production function which is a second order Taylor Series 
approximation to investigate the extent of inter-fuel substitution between natural gas, fuel oil, diesel oil , and electricity 
in the industrial sector of Saudi Arabia over the period1990 and 2019. A trans-log production function, which describes 
the relationship between output and input from various productive factors, can be expressed in general function form 
as follows: 

� � .	 
� .�µ��
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INTER-FUEL SUBSTITUTION IN INDUSTRIAL SECTOR OF SAUDI ARABIA 
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Where, y is ����������Ä\������}��Ä���������ë0 represent the intercept, xi and xj represent inputs i and j respectively in 
���Ä����������������������ë������ë�L�������������������È���������������������\��������Ä�����������\\Ä��������\������
there exists a twice differentiable trans-log production function that relates industrial value added to capital, labor, and 
energy inputs (natural gas, fuel oil, diesel and  electricity). According to Pavelescu (2011), the trans-log functional 
form allows one to avoid assumptions like perfect competition or perfect substitution among inputs. The presence of 
quadratic terms also allows for nonlinear relationships between the output and the inputs. These features make the 
trans-log production function attractive to researchers because it is more flexible than other functional forms. We have 
square terms of the independent variables and cross products of various input variables in the trans log function, so 
there is a possibility of multicollinearity between the independent variables. In order to avoid the possibility of 
multicollinearity among the independent variables, we employed the ridge regression approach for estimation 
following Smith et al. (2011). Based on ridge estimation, we have calculated the output elasticity and substitution of 
alternative energy inputs.  
 

Results 
 
The estimation results show that the output elasticity for natural gas, diesel, fuel oil, and electricity are all positive, 
but the output elasticity of diesel and fuel oil has been inelastic over the period, while natural gas has been elastic in 
recent years. Output elasticity of electricity is elastic over the study period. The elasticities' ranking has remained 
constant over the estimated period. In Saudi Arabia's industrial sector, output elasticity of  fuel oil is the most inelastic, 
followed by output elasticity diesel, natural gas, and electricity. The  estimated output elasticity of of diesel and fuel 
oil has remained relatively constant over time, while the output elasticity of natural gas and electricity has increased.  
The elasticity of substitution is greatest between diesel oil and electricity, then between electricity and fuel oil, and 
finally between electricity and natural gas. All substitution elasticities have remained constant over time, except for 
the elasticity of substitution between diesel and fuel, which has fluctuated over time. 

Conclusions 
 
In this paper, a trans-log production function model is developed to investigate the elasticity of inter-fuel substitution 
between natural gas, diesel, fuel oil, and electricity in Saudi Arabia's industrial sector. To estimate the function's 
parameters, a ridge regression procedure is used. We find positive output elasticity for all energy inputs, indicating 
that there is an increasing return in the use of these energy inputs in the Saudi industrial sector over time. This finding 
supports the widely held belief that energy acts as a catalyst for growth.  
The results show that the substitution possibilities between natural gas and electricity, diesel and electricity, and fuel 
oil and electricity are relatively higher. These findings highlight the potential for the Saudi industrial sector to switch 
away from greenhouse gas emitting fuels like fuel oil and diesel toward electricity. Given that the substitution elasticity 
of fuel oil-electricity and diesel-electricity is the greatest among those observed in this study. Therefore, these findings 
provide general insights and highlight the importance of policies that focus on renewable electricity installed capacity. 
Models for forecasting future energy demand in the industrial sector can use the inter-fuel substitution elasticities 
obtained in this study to be more reliable. 
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Overview 
The Concentrated Solar Power (CSP) technology combined to Thermal Energy Storage (TES) is an important 

component in the energy mix as it contributes to electricity generation flexibility and offers the grid operator a quick 
responsivity to ramping events ensuring the grid reliability. A CSP-TES system permits a higher solar energy 
penetration by lowering curtailments. By 2019, there are around 6.5 GW installed and operational CSP projects with 
an expected generation of 18.03 TWh per year worldwide. Countries including Spain, USA, Morocco, China, and 
South Africa make up 83% of the worldwide CSP installed capacity [1]. 

Direct Normal Irradiance (DNI) is the main component of CSP systems from which the electricity is generated. DNI 
forecasting is an important solution to overcome the problem of resource volatility and its accuracy is of great 
influence on the reliability of the grid and the profitability of the CSP plant output [2]. Several studies have shown 
the relevance of different forecasting horizons of Global Horizontal Irradiance (GHI), the main solar component of 
PV systems on the electric utility operational needs ranging from load following to unit commitment and 
transmission scheduling [3].Although DNI and GHI are of a intermittent nature, many works have been conducted 
on the latter component, but to our knowledge, not as exhaustively on DNI forecasting which is of concern due to 
the beneficial financial value on CSP plants. 

A study by Law et al. has evaluated the benefits of short-term DNI forecasts for different horizons on the updated 
bids for a 50 MW CSP plant with and without a TES of a 7.5-hour storage capacity and has confirmed the increase 
of the financial value by over $0.8 million and a reduction in the equivalent forced outage rate (EFOR) by more than 
20% in both cases [4]. Another work by Law et al. demonstrated the effect of DNI forecasting accuracy on the 
financial value using different error metrics for a CSP plant with a solar multiple between 1.25 and 2 and a TES 
between 0h and 20h. The study concluded that for a root mean squared error (RMSE) and a mean absolute error 
(MAE) in the range 325 - 400 W/m² and 250 - 300 W/m² respectively, a 1 W/m² improvement increases the 
financial value from $ 400 to $ 3600 per 6 months operation depending on the case [5]. 

This study investigates the future R&D prospects in DNI forecasting. In this paper, an analysis of DNI forecasting 
articles is conducted based on a selective literature review and the use of Knowledge Discovery in Data (KDD) to 
extract useful information and propose an outlook of possible research areas in the field.  

 

Methods 
Bibliographic data used in the current study were collected from the Scopus database. Several filters and KDD 

tools were employed for data extraction, data analysis and bibliometric networks visualization. 

 

Results 
3.1 Evolution of publications for a decade of scientific research in the field of solar forecasting 
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Fig.1(a) illustrates the noticeable trend in PV research contributions compared to the low evolution of 
publications on the CSP technology. Although Fig.1(b) displays an increasing trend on DNI and GHI publications, 
Fig.1(c) indicates a decreasing trend in DNI forecasting publications starting from 2017. 

(a)  (b)  (c)  

Fig. 1:Evolution of publications between 2011 and 2021 by (a) technology (CSP vs PV), (b) solar component (DNI 
vs GHI) and (c) DNI forecasting publications. 

3.2. Analysis of DNI and GHI applied forecasting methods 
Comparing Fig.2 (a) to Fig.2 (b) shows that a considerable number of forecasting methods have been applied on 

GHI compared to DNI which suggests a range of possible research areas to be explored. 

(a)  (b)  

Fig. 2: Methods used in forecasting DNI (a) and GHI (b) with respect to time. 

 

Conclusions 
In this work a literature review on DNI forecasting has been conducted to determine its future R&D trends due 

to the importance of this resource’s forecast on grid stability. Results illustrated a lower trend in DNI forecasting 
compared to GHI with a discrepancy in short-term horizons especially Intra-day forecasts. Based on our findings, 
possible research opportunities should explore Intra-day DNI forecasts with an emphasis on planning update and 
load following applications. 
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Overview 

There is an urgent need to align global carbon dioxide and other greenhouse gas (GHG) emissions with climate-safe 
trajectories. A broad range of technologies and approaches are needed to achieve this cost-effectively and equitably. 
The circular carbon economy (CCE) concept provides a holistic, flexible and pragmatic framework for countries to 
plan their respective contributions toward the commonly agreed climate goals. The CCE concept builds on that of the 
circular economy, with two important distinctions: it has an exclusive focus on energy and emissions, and it adds a 
fourth pillar to the three pillars of the circular economy: reduce, reuse, recycle, and remove. The fundamental goal of 
the CCE is to prevent atmospheric carbon dioxide and other GHG emissions. In addition, the CCE approach 
emphasizes economic incentives and benefits associated with managing carbon and the need to focus on the most 
cost-effective mitigation solutions. In this paper, we construct a composite index, the Circular Carbon Economy Index 
(CCE Index), which aims to measure countries’ progress in, and potential for, achieving CCEs. The CCE Index is put 
forward as a tool for governments and climate change policy stakeholders to evaluate progress in support of domestic 
planning and decision making in the nexus of energy, emissions, and the economy. The CCE Index is based on two 
sub-indices: one for measuring countries’ current performance in the various dimensions of the CCE and the other for 
gauging how countries are positioned to make progress toward the CCE, based on key enabling factors. The CCE 
Index also allows for additional comparisons among top oil-producing countries through a separate set of add-on 
indicators that capture how these countries’ industrial performance are aligning with the CCE. 

Methods 

The CCE Index methodology, as presented in detail in Luomi, Yilmaz and Alshehri (2021a), follows international 
best practice in composite indicator development, including guidance by OECD (2008) and UNECE (2019). The Index 
consists of two main subindices: Performance and Enablers. The Performance sub-index accommodates different 
climate change mitigation and emission circularity technologies under the four  ‘Rs’, which reflect the need both for 
a mix of technologies and actions to reach net-zero (i.e., ‘no silver bullet’) and to accommodate for a multitude of 
country circumstances  The indicators of the Performance sub-index measure the following ‘CCE activities’: energy 
efficiency, renewable and nuclear energy, electrification, fuel switching, natural sinks, carbon capture, utilization and 
storage, and green hydrogen.  

The Enablers sub-index is divided into five dimensions that reflect major, future-oriented determinants of successful 
transitions toward CCE, namely: policies and regulation; technology, knowledge and innovation; finance and 
investment; business environment and system resilience. Finally, the CCE Index is also extended to capture the 
specificities of oil and natural gas-producing countries. This is done by bringing additional indicators to the index. 
The second edition of the Index covers more than 60 countries, accounting for most of the global economy and GHG 
emissions.   

The CCE index employs approximately 40 metrics that were originally selected from a list of roughly 150 potential 
variables, based on their relevance, reliability, and availability, among other criteria. The indicator framework was 
refined in 2022 to accommodate a larger number of countries and to improve conceptual clarity and indicator quality. 
In line with best practice, the Index only integrates harmonized datasets, but to enhance data coverage and quality, it 
uses both official (e.g., UN and other international organizations) and unofficial (e.g., academic literature) data 
sources. The selected metrics are rescaled with minimum and maximum boundaries to obtain scores (0–100), which 
are then equally weighted to create aggregated subdimensions, subindices and finally, the composite CCE Index. The 
authors also perform various robustness checks to ensure the quality of the Index. These checks include employing 
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different aggregation methods, such as principal component analysis, checking cross-validity for multi-collinearity, 
and also, considering correlations with other statistics and similar indices.     

Results 

The high-level results indicate that no single country has yet achieved a full CCE (Figure 1), in which atmospheric 
carbon dioxide and other GHG emissions are minimized and circulated throughout the economy, where possible, to 
generate value. In the area of CCE Performance, on average, countries engaging in all CCE activities tend to perform 
higher in the Index. In the area of CCE Enablers, technology, knowledge and innovation gaps and lack of access to 
CCE finance are among the biggest obstacles faced by a large share of countries to accelerate their progress toward 
CCEs.   

Conclusions 

The CCE Index is intended as a conversation starter for identifying the optimal ways of measuring CCE performance 
and enablers across countries. The CCE Index is updated regularly, and the Index framework is revised periodically 
to include additional indicators, improved and updated datasets, and new ways of measuring CCE performance and 
transition enablers. As of September 2022, the full 2021 CCE Index results with various interactive tools are available 
on the CCE Index web portal (https://cceindex.kapsarc.org), while the updated results for the 2022 CCE Index edition 
will be released during the 2022 UN Climate Change Conference (COP 27) in Sharm El-Sheikh, Egypt, in November 
2022. 
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Overview 
 

Photovoltaic (PV) systems have the ability to preserve the economy and the environment in order to provide 
permanent energy to networks. On the other hand, when these PV systems have many variables, whether low or 
high, the unpredictability of the solar energy source is a particular problem in grid management. In this regard, 
photovoltaic forecasting is an important tool for managing uncertainty and ensuring system stability. In this work we 
present a robust forecasting model, based on mathematical methods, that aims to provide an estimate of the output 
power of PV farms for forecast horizons of less than 1 hour. This will allow the manager to better manage his 
electricity grid in the future by facilitating the integration of the solar energy supplier.  

Methods 

       The objective of this research is to evaluate the possibility of increasing the performance of PV power 
forecasting for a half-hour step. Predicting the random characteristic of hourly PV power with high accuracy is a 
very difficult problem. In this regard, a new hybrid prediction model is developed. The proposed model is mainly 
based on Gaussian Process Regression (GPR) as an essential predictor and the use of the CEEMDAN (Complete 
Ensemble Empirical Mode Decomposition with Adaptive Noise) decomposition method. ) as a preprocessing 
technique. In the following topic and in subsequent sections, for simplicity, the suggested model will be referred to 
as CEEMDAN-GPR [1,2]. 

 Results 

     The performance achieved with the use of our proposed method CEEMDAN-GPR with the endogenous variables 
CEEMDAN-GPR shows the reliability of the latter compared to the use of the single GPR model in the exogenous 
or endogenous case, the numerical results of the prediction of the output of the PV system in terms of R and the 
prediction errors shows that the hybridization of the CEEMDAN decomposition method with the GPR model 
improves the prediction performance of the GPR model with a significant reduction in the prediction error.The 
results showed the significant effect of the combination used on the accuracy of the CEEMDAN-GPR models. To 
demonstrate the accuracy of the CEEMDAN-GPR model, its predictions are compared to the classical model (GPR).  

A comparison of the hourly PV power values predicted by the CEEMDAN-GPR hybrid model and its measured 
values is carried out. From these figures, it can be seen that the CEEMDAN-GPR {PV1…10} model has shown its 
effectiveness for the prediction of PV power and its outputs are in agreement with the observed values [3]. 

The results showed a significant improvement in the performance of the CEEMDAN-GPR model appearing in the 
statistical indices (see Table. 1,Fig.1) 

 
Table 1. PV power prediction results by CEEMDAN-GPR hybrid model and GPR conventional model. 
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Model/Input  RMSE (Kw)  nRM
SE  

R(%)  

GPR {PV-1}  127.69  27.31  88.23  
GPR {Pr -1- Pr -10}  293.61  62.81  16.64  
GPR {Hum -1- Hum -8}  280.84  60.07  39.22  
GPR {V-1- V-4}  300.73  64.32  3.3  
GPR {PV/Pr}  127.46  27.26  88.25  
GPR{T-1- T-8}  183.16  39.18  89  
CEEMDAN-GPR {PV-1}  90.92  20.94  93.09  
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Figure 1. The PV power measured against the best estimated by the different sets. 
 

Conclusions 
 

The conventional model based on the GPR model was used and allowed the prediction of the time series of 
photovoltaic power on an hourly scale from that of meteorological data (exogenous variables) and PV data at the 
previous time (endogenous variables ) as inputs. The performances are such that the correlation coefficient is 89.17 
and the rRMSE is 38.84% from the meteorological data (exogenous variables), and the correlation coefficient is 
88.23 and the rRMSE is 27.31% from the data of the PV power at the time preceding the predicted day (endogenous 
variables) as inputs. These performances have improved by the introduction of the CEEMDAN decomposition 
algorithm to decompose the input data. Consequently, the rRMSE improves by 18% from the exogenous variables, 
the rRMSE improves by 7% from the endogenous variables. The proposed CEEMDAN-GPR hybrid model brought 
a significant improvement to the in situ hourly PV power. 
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Overview 
Hydrogen and derived molecules generated through electrolysis can serve as energy carriers and chemical 

feedstock in a climate-neutral society. These CO2-neutral molecules can make a remarkable contribution to the climate 
neutrality of the material and chemical industry by the middle of this century. They allow emission-free production of 
fertilisers and steel, facilitate innovative processes in the chemical industry and may form the basis of sustainable 
synthetic fuels for shipping and aviation.  

Many governments have announced ambitious hydrogen strategies, and therefore want to accelerate the 
deployment of renewable production and end-use applications. Since the zero-carbon hydrogen production 
technologies are not yet competitive with the traditional hydrogen production route, governments wish to support the 
required technologies to produce hydrogen sustainably and enable a carbon-neutral industry. 

Previous research has studied the implementation of policies to support renewable electricity generation and the 
trade-offs between capacity- and energy-based subsidies (Özdemir et al., 2020). Research dedicated to bringing this 
knowledge to clean hydrogen production, while accounting for its differences, is currently sparse. Large-scale 
dedicated hydrogen support may nonetheless profoundly impact liberalised energy markets. For example, subsidising 
hydrogen production may increase wholesale electricity prices, contrary to renewable electricity support. The degree 
to which this effect will manifest depends on the selected policy instrument. Because electrolyser technologies are 
dispatchable, one should beware of any potentially distorting influence of these policy instruments on the operational 
decisions of hydrogen installations. The discussion is further complicated by the fact that different electrolyser 
technologies are available with different capital expenditures (CAPEX) and efficiencies. An optimal technology mix 
should address the system's needs: low-CAPEX variants with a poorer efficiency could for instance be preferred if 
renewable curtailment is prevalent. As has been shown for renewable electricity instruments, however, certain subsidy 
designs might distort the optimal technology mix. Another policy which could be applied to clean hydrogen production 
are Carbon Contracts for Difference (Richstein, 2017). While the cost of this policy mechanism has been studied, and 
a comparison with other policy instruments has been made (Vogl et al., 2021), research on the impact on cap-and-
trade systems (e.g., EU ETS) and electricity markets is lacking.   

To investigate the impact of the aforementioned policy instruments on energy markets and cap-and-trade systems, 
we develop a state-of-the-art model that captures the interactions between hydrogen, electricity and CO2 emission 
markets which can be used to simulate the effect of different hydrogen support policies. Key questions will be 
addressed such as: what is the price effect on carbon- and electricity markets? How is the subsidy pass-through of the 
hydrogen support to hydrogen producers, hydrogen consumers and electricity producers? Which technologies are 
promoted by different policies? How much does a given policy increase electricity prices for consumers?  

The compared support mechanisms are: i) A capacity-based investment subsidy (EUR/MW), ii) A quantity-based 
premium (EUR/MWh), iii) a hybrid quantity- and capacity-based mechanism which is a variant of a quantity-based 
premium that limits the amount of compensation according to a predetermined ratio of MWh per MW of installed 
capacity (Özdemir et al., 2020). While originally proposed in the context of RES support, we see particular use for 
this instrument in supporting hydrogen since the compensation limit can prohibit the electrolyser from being 
dispatched at moments with higher electricity prices. And iv) A Carbon Contract for Difference that guarantees the 
investors in carbon-neutral hydrogen a fixed carbon price (EUR/tCO2) for the duration of their investment. The 
remuneration is determined according to a benchmark linked to the carbon intensity of the total hydrogen production. 

Methods 
To address our research questions we will employ the equilibrium model formulated as a mixed complementary 

problem and solution strategy developed by Bruninx et al. (2021). The model comprises of: 

� An electricity market in which investors in gas-fired generation, wind, solar, and nuclear compete and 
optimize their operation considering the variable generation of renewables and demand for electricity. 
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� A hydrogen market in which investors in different renewable hydrogen production technologies 
compete with traditional steam methane reforming (SMR) technology. Two electrolysis technologies 
are considered: a highly efficient one with higher CAPEX and a low efficient variant with a lower 
CAPEX. We furthermore include SMR equipped with carbon capture and storage (CCS). 

� A cap-and-trade emission scheme in which the fossil-based electricity actors compete with SMR 
technology and a competitive fringe. The fringe has to decide either to buy emission permits or to bear 
the abatement cost, which is modelled as quadratically increasing. This actor represents the remainder 
of the industrial demand for emission allowances. Emission permits are bankable between all considered 
years 2020-2060 and borrowing is prohibited.  

Results 
In our reference case without considering any support policies, we observe a gradual roll-out of SMR with CCS 

followed by the uptake of electrolysis-based hydrogen production and a gradual phase-out of legacy SMR production. 
Even though the low-efficient electrolysis solution has a 25% lower CAPEX than the highly efficient choice, they are 
both being installed. 

  
 

Our preliminary assessment concerning the impact of policy schemes shows that both capacity and quantity-based 
instruments increase the installed capacity of carbon-neutral hydrogen technologies and can accelerate investments in 
these technologies. We observe that a capacity-based solution achieves this without affecting the operation of carbon-
neutral technologies. However, a capacity-based solution does select technologies with a low CAPEX and does not 
encourage any additional learning effects into the higher efficient solutions. 

Conclusions 
Having a mix of technologies in place to provide carbon-neutral hydrogen will be beneficial rather than favouring a 
single technology. Both capacity-based and quantity-based subsidy mechanisms can be used to increase the 
investment in electrolyser capacity. Care should be taken about how the chosen policy mechanisms affect the price 
signal on which electrolysers will base their dispatch since it may negatively affect economic efficiency. Subsidy 
schemes that support capacity generally distort the dispatch of electrolysers less compared to mechanisms that give a 
premium on produced quantity since they do not artificially increase the willingness to pay for electricity of agents 
operating electrolyser installations. Technologies with a lower installation cost benefit from mechanisms that 
remunerate capacity, while the more efficient technologies are cheaper to operate and may therefore be more cost-
effective. 
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Overview
Oil-producing countries are transforming and diversifying their economies. During the transition period, 

however, they will still rely on oil revenues to boost investments in the non-oil sectors.

This study aims to explore how, under various world energy transition scenarios, the evolution of the global 
economy will impact the international oil market equilibrium.

Methods
We update and expand the equilibrium model developed by Rioux et al. (2022). It includes supply and demand 

fundamentals and potential global megatrends (such as international shifts in funds allocation). World oil demand is 
represented as a function of world GDP and oil prices. Further, we assume that the GDP growth depends on oil 
prices. On the supply side, alternative market structures can be designed. The model production decisions are based 
on short- and long-term piecewise linear supply curves. These supply curves are constructed using Rystad Energy 
Ucube dataset, which includes over 21,000 oil-producing assets. The model is calibrated to demand curves obtained 
from the International Energy Agency’s (IEA) World Energy Outlook (WEO 2021). This model can be used to 
simulate the evolution of the global oil market in a world economy constrained by climate targets.

We will consider the Announced Pledges and Net Zero Emissions by 2050 Scenarios, which the International 
Energy Agency (IEA) introduced in its latest World Energy Outlook (WEO 2021), along with the Stated Policies 
Scenario to assess the impacts of various global climate and economic growth scenarios on global oil market 
fundamentals. More specifically, implications for oil-producing countries under each scenario will be analyzed. We 
will also be able to run alternative long-term simulations (up to 2050). The developed model will also enable us to 
study different international oil market structures (competition versus cooperation of suppliers).

Results
The model being currently developed will enable us to address the following questions:

- How would the global oil market respond to global climate targets? 

- What could be the implications for oil-producing countries? 

- Which hypothetical market structure would be beneficial for oil producers?

Conclusions
The results of this study will provide policymakers with valuable insights regarding future oil market conditions 

and the implications on their national economies. Potential production strategies in the face of different world 
climate policy scenarios and international circumstances can be examined. Addressing those questions will provide 
insightful information regarding oil producers’ position in a transitioning world economy. The insights derived from 
the model will help oil-producing countries plan their long-term economic development.
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Overview  
In recent years, there has been an effort to forecast electricity prices. While a prediction of the price of the 

electricity market is estimated, it is important to reflect the structural characteristics of the market and price, such as 
calendar data, previous hourly price, fuel costs, seasonal temperature, and electricity demand set of time-series, which 
are affected by renewable energy generation. The Korean electricity market has a day-ahead market. The market closes 
at 10 A.M. the day before the operation. The secondary submission of renewable energy generation closes at 5 P.M. 
The Korean market is a Cost-Based Pool, so each generator must submit such data related to the operating costs nine 
days before the end of each month. In renewable energy, Solar generation occupies 92% of the variable renewable 
energy capacity in Korea. 

To use the feature of time series, decomposition has been adopted. Some of the important time series elements 
are demand and renewable energy generation. Using them on point values makes it hard to reflect time series elements 
or variation. However, using lots of the previous time series elements of the exogenous variable as input data increases 
the dimension of the input variable and may degrade the prediction performance as overfitting. To solve these 
problems, decomposition methods have been adopted. They are the Mostly used and recently used methods on 
decomposition energy: Fourier transform, Wavelet transform, VMD(Variational Modal Decomposition), 
TBAT(Exponential smoothing state space model with BAT), and MSTL(Multiple Seasonal-Trend Decomposition), 
STR(Seasonal-Trend decomposition using Regression) based on STL(Seasonal-Trend decomposition procedure based 
on Loess).[1-3]  

There are two benchmark papers. One study comparing AI approaches and statistical techniques shows that DNN, 
LSTM, and XGBoost outperform complex deep learning models such as CNN and RNN. Furthermore, complex 
hybrid models based on deep learning or machine learning performed less well than simply averaging compared to 
hybrid models.[4] Another paper compares multi-seasonal decomposition methods(TBAT, Prophet, AutoSTR, MSTL) 
to forecasts on univariate sets of related time series using LSTM. On hourly electricity demand forecasting, it is better 
to use seasonal components & original time series than trends & residuals.[5] 

This paper uses seasonal decomposition methods to predict hourly electricity prices in the Korean market. Six 
forecasting models were compared, STR-LSTM, STR-DNN, STR-XGBoost, MSTL-LSTM, MSTL-DNN, and 
MSTL-XGBoost, based on the decomposition technique and model. In addition, inputting past SMP values as input 
values were compared by putting them in a multi-step time series method and a point value. 

Methods 
The prediction model is divided into feature selection, 

seasonal decomposition, and training based on the models. The 
components mentioned above on the Korean electricity market 
are considered for the variable selection. 32 hours of the forecast 
was made, using monthly stepwise fuel prices of bituminous coal 
and natural gas, temperatures, and the size of the observation of 
each test was 3 months. The critical fuel price and the calendar 
data were also used as input variables and forecast prices. 

On the pre-process, this paper calculates feature importance 
based on Random Forest. In the comparison of dimensions, the 
demand and the generation[kWh] are much more massive than 
SMP(System Marginal Price)[won/kWh], so it normalizes the components to decrease the errors. 

The seasonal decomposition method is used for the value of demand and solar power generation. MSTL and STR 
decomposition methods were used, showing accurate performance in power demand prediction[4]. Both models are 
based on seasonal-trend decomposition. STL extracts the trends, seasonal and residual components by smoothing 
method using LOESS(local polynomial regression), which can neglect the outliers. MSTL can separate periodicity 
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Figure 1. Proposed Method 
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from time-series elements using smoothness control. It repeats the process of the STL extraction, and elimination for 
each seasonal component. It can be quickly adopted if the length of the seasonal set is known. STR can extract multiple 
seasonal components and affect seasonal factors by introducing exogenous variables such as temperature, whether 
constant or time-vary components. Both models can separate the time-varies values into daily and residual parts. Then 
we ignored the trend components which tend to be non-oscillate because it hardly affects the short-term price. We 
choose daily and residual components. 

In addition, modeling with LSTM, DNN, and XGBoost was compared, respectively, which are representative 
models of performing well in demand and price forecasting. Because previous SMPs every 24 hours have high feature 
importance than the others, this paper uses the 48-hour ahead last data. This paper compared Direct Strategy and 
Recursive Strategy, which are multi-step time series forecasting strategies. 

Results 
In the evaluation, the tests were conducted ten times for 32 

hours and evaluated based on two methods; MAPE(Mean 
Absolute Percentage Error) and RMSE(Root Mean Square Error). 
Each MAPE is calculated for the 32 hours forecast from 16:00 one 
day before the trading day to 23:00 on the trading day.  

- The performance of XGBoost was recorded as the best in 
comparison with the other methods, in which the result 
of XGBoost is 33% to 48% higher in the average of 
MAPE than DNN, and 4% to 34% higher in the average 
of MAPE than LSTM.  

- Comparing decomposition methods of STR and MSTL, using XGBoost and LSTM, which has a higher 
accuracy than DNN deep learning models, STR shows a 2% higher an average of MAPE.  

- Figure 2 shows the result of comparison with the prediction with decomposition and without decomposition, 
prediction accuracy improved by 5 to 6% in the total average of MAPE on both models. 

- The recursive strategy was 20% lower in an average of MAPE than the direct strategy, while the difference 
between XGBoost was less than 1%. However, compared to the case with a point-value of 48 hours earlier, 
the accuracy of the direct strategy is high in the model based on deep learning, but in the case of XGBoost, 
the model’s accuracy with a point-value is higher. 

Conclusions 
This paper forecasts the Korean electricity market price using seasonal decomposition methods. It shows that the 

decomposition method is supportable for the prediction. However, this paper assumed the exogenous variables to be 
the same as the actual value. In future studies, the uncertainty of the external variable will be considered.   
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Figure 2. mean of the MAPEs, comparing between 
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Overview 
Energy modelling is the process of creating computational or mathematical models of energy systems to analyze 

them. Modelling an energy system is inherently complex as it has to incorporate technology detail, macroeconomic 
feedbacks and behavioral patterns from a wide range of supply and demand sectors. Energy models provide a means 
of understanding possible future scenarios and evaluating competing policy options, especially in the contexts of 
energy security and low carbon growth. Standard modelling tools and approaches are commonly used by industry and 
academia to generate international or national models. The International Energy Agency (IEA) has estimated that 
developing countries would contribute majority of the growth of energy demand and hence emissions over the next 
twenty years 1. Two broad contours would determine the energy usage path chosen by developing countries – the need 
for improved standard of living for its citizens and its implication of energy choices for climate change. Quality energy 
models customizable to local contexts are necessary to ideate transition policies. 

The paper argues that while there are many modelling tools available, the widely used modelling tools have been 
developed with a particular worldview and there is ample scope for value addition. A list of available energy models 
were compiled using systematic literature review. The characteristics of the tools were studied and captured using 
twenty indicators falling under three dimensions. The tools were also ranked based from the perspective of their utility 
for energy planning at the district level considering the context of a middle income country. The study shows that 
while there has been a near standardization in modelling capabilities, there is scope to include more qualitative 
dimensions, demand side specificities, Geographic Information System (GIS) integration in the reviewed tools. Free 
availability, specifically in the form of interactive web based platforms or stand alone software could lead to 
widespread use of such tools by decision makers at all levels. The review provides a baseline manual for energy 
planners for choosing the right tool or approach depending on the context, scale, purpose, features and available 
resources.   

Methods 
A three-step methodology was used for the study.  

1. Identification of models for review 
2. Qualitative review of their features 
3. Ranking of the models based on a set of criteria to understand their suitability for local level energy planning. 

A systematic literature review was conducted to identify the list of energy modelling tools to be studied. It was 
followed by a detailed analysis of the selected tools using documentation and scholarly publications reporting their 
usage. Open source and proprietary models were included in the survey. The methodology of analysis included 
qualitative review of the model documentation, creation of use cases and review of secondary literature. The analysis 
was systematiswd by creating a ranking framework with twenty indicators spanning three dimensions viz. a viz. 
general properties, ability to model energy systems and ability to generate results in desired form.  

Results 
The study finds that energy modelling tools have widely been developed considering the context of developed 
countries as indicated by the country of origin, sectors considered and modelling objectives. There is considerable 
scope to include socio economic parameters, adjustments for data sufficiency etc. to make them more relevant in the 
context of developing countries. Web based dashboards with ability to model local energy systems would be a useful 
tool for planners at lower levels of governance. Availability of tools free of cost, availability of training material and 
GIS integration would be other desirable characteristics.  
 
In the score based ranking exercise, software tools like LEAP and HOMER along with modelling framework 
MARKAL / TIMES have high scores followed by web based dashboard IESS 2047. High scores across all three 
individual dimensions have resulted in the high overall scores. Other tools like EnergyPRO and OSeMOSYS have 
high ability to model the system but fall marginally behind in other dimensions. Most tools perform badly for 
indicators like data requirements and visualization of results and GIS integration. Modelling softwares and modelling 
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frameworks like LEAP, MARKAL / TIMES, HOMER and OSeMOSYS have high ability to model the system but 
are relatively less attractive general properties.  
 

Conclusions 
The study reviews ten energy modelling tools and approaches with the aim of understanding their limitations in 

their present form and the utility for decentralized energy planning, specifically in the context of developing countries. 
The features of relevance have been captured and systematically recorded using twenty indicators across three 
dimensions viz. a viz. general features, ability to model an energy system and the ability to generate results. Energy 
modelling tools have widely been developed considering the context of developed countries as indicated by the 
country of origin, sectors considered and modelling objectives. There is considerable scope to include socio economic 
parameters, adjustments for data sufficiency etc. to make them more relevant in the context of developing countries. 
Web based dashboards with ability to model local energy systems would be a useful tool for planners at lower levels 
of governance. Availability of tools free of cost, availability of training material and GIS integration would be other 
desirable characteristics.  
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TIME-VARYING PRICE ELASTICITY OF ELECTRICITY DEMAND

Jieyang Chong, University of Reading, +44 (0) 118 378 4606, j.chong@reading.ac.uk

Jacopo Torriti, University of Reading, +44 (0) 118 378 8196, j.torriti@reading.ac.uk

Overview

The ability to induce shifts in electricity load within a day may reduce costs for a number of reasons. Lowering

daily peaks or managing foreseeable spikes in demand are useful for system security. Similarly, taking advantage

of favourable weather conditions with respect to generation of renewable energy could also be achieved through

successful load-shifting. One of the ways in which this outcome can be targetted is through the use of financial

incentives. In designing a suitable monetary incentive or deterrent for consumption, knowledge of the expected

demand response to an effective change in electricity price is key. In the context of intra-day shifting, understanding

how the profile of price elasticity varies within a day is of particular relevance.

Estimation of intra-day patterns in price elasticity of electricity demand has received limited attention in the liter-

ature (Fan and Hyndman, 2011; Knaut and Paulus, 2016; Kulakov and Ziel, 2019; Chong, 2021) and has recently

become topical in light of the gas shortage and soaring electricity prices in Europe. This study proposes a new

econometric approach which introduces smoothness in the intra-day pattern of elasticity, and preserves this smooth-

ness of elasticity at all times of the day. Smoothness in elasticities is argued in the paper to be characteristic of

data which captures aggregated consumption behaviour (e.g. whole population, the residential sector, all office

buildings in a city) as opposed to individual or household-level data. Since time of day is measured in a cyclical

manner, it follows that if elasticity is smooth, it must be so in a cyclical manner. In other words, even though each

day arbitrarily starts at the first measurable moment after midnight, when elasticity between midnight and this time

is continuous, it can be considered to be "smooth everywhere".

Methods

The method proposed in this paper follows an econometric modelling approach not dissimilar to those in existing

works. A linear model of the form

qt = cpt + xxx′tβββ + εt , (1)

in which qt represents electricity demand at time t, pt represents price, and xxxt is a vector of other variables with

explanatory power on demand including an intercept. The coefficients c and βββ are to be estimated. The way in

which demand and price enter the equation as qt and pt , respectively, varies between being the natural logarithms

or raw levels in the literature. For example, Tiwari and Menegaki (2019) use logarithms for both variables, Fan

and Hyndman (2011) uses a log-linear model in which demand is in logarithms and price is in levels and also a

log-log model, and Lijesen (2007) uses both a linear model as well as a log-log model. Price elasticity estimates

are then obtained from some transformation of the estimate of c in (1), depending on whether qt and pt are in logs

or levels.

Unlike Fan and Hyndman (2011) and Knaut and Paulus (2016), the proposed method for estimating a daily pattern

in price elasticities fits a single regression equation to the data instead of performing a regression for each intra-

day period. This approach makes it easy to test whether a daily pattern exists. Variations in price elasticity can be

introduced by including an interaction variable between price and a dummy variable for each intra-day period as

in

qd,h = c0 pd,h +
H−1

∑
j=1

ch
(
h = j

)
pd,h + xxx′d,hβββ + εd,h, (2)

where d is the day in the sample, H is the total number of periods per day, and h is the intra-day period. The

function (·) takes the value 1 if its argument is true and 0 otherwise. The equivalence between subscripts in (1)

and (2) is given by t = (d−1)×H +h. The estimated price elasticity at the h-th intra-day period is then computed

using c0 and ch, with the elasticity at the H-th period computed using only c0. Testing the joint significance of

c1, . . . ,cH−1 is effectively checking for evidence of variation in price elasticity throughout the day. Note, however,

that (2) does not impose smoothness on elasticities even if H → ∞.
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An alternative way of introducing easily-testable variation in price elasticities throughout the day is through the

model

qt = cpt +
S

∑
s=1

[
γs sin

(
2sπ(t −H)

H

)
+δs cos

(
2sπ(t −H)

H

)]
pt + xxx′tβββ + εt , (3)

where S can be selected using the data. In this application, the value of S is selected by recursively increasing

the value from S = 0 until some S = S∗ such that γS∗+1 and δS∗+1 are both not statistically significant. If S > 0,

then price elasticity throughout the day is not constant. This Fourier approximation estimates a repeated pattern of

elasticity within each day and ensures that elasticity is smooth throughout the sample.

All three models are estimated by two-stage least squares using pt−1 as an instrument for pt .

Results

Using hourly data from the German wholesale market for the year 2016 which is obtained from the European Power

Exchange (EPEX), price elasticity is estimated by (i) fitting model (1) to the whole sample (constant elasticity),

(ii) fitting model (2), and (iii) fitting model (3). Since prices in this sample fall below 0, the logarithm of price is

not defined for the whole sample, and the log-log specification is not feasible. All models are estimated with linear

(demand and price in levels) and log-linear (logarithm of demand and price in levels) specifications.

The joint tests from (2) and (3) both indicate that there is variation in price elasticity of electricity demand within

the day. Estimates of price elasticities using both models exhibit similar patterns, with a range of values which

includes the constant estimate from (1). The pattern of estimates from the dummy variable model described in (2)

is noticeably less smooth that those of (3), especially between 1500–2100hrs. Electricity demand is found to be

most elastic between 2100hrs and midnight, and least elastic around 0700–0800hrs and between 1800–2000hrs.

Intra-day elasticities from (2) and (3) fall within similar ranges of price elasticity whether a linear or log-linear

specification is used.

Conclusions

This paper proposes a new and simple way to estimate smooth variations across the day in price elasticity of

electricity demand. The proposed method also provides an easy way to test whether price elasticities are constant

throughout the day or whether there is evidence of variation.

Applying the approach to German wholesale electricity data provides estimates for price elasticities which vary

throughout the day and this variation is found to be statistically significant.
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Overview 
 
Oil is presumed to remain the fuel with the largest share in the energy mix over the forecast period, led by demand 
from transportation and petrochemicals. Combined, oil and gas are still expected to make up more than 50% of 
the global energy mix by 2040. The Petrochemical sector has experienced a high growth rate for the last twenty 
years (4% annual). Demand growth in industry is driven mainly by the petrochemical sector, with demand forecast 
to increase by 4.5 mb/d from 2017–2040, from all regions in the world. The strong performance of the 
petrochemical industry is expected to require additional volumes of natural gas as feedstock. 
In this context, we want to model the demand for the main feedstocks, Naphta, Ethane, LPG, Other oil products 
for the 10 regions of the world. It is important for the model to track the developments of the industry, due to 
price changes in the inputs and in the final uses. The model is used to construct alternative scenarios.  

Methods 
We model demand functions for 10 regions and four feedstocks  as function of prices and GDP and other 
exogenous variables, with annual data in the period 1971 2020. We cast a ARDL model with lag = 1: 

Xij = a0 + 	 aij Ln (pj) + bi  Yi + ci Zi + d Xij,t-1 + eij 

Where: 

X = quantity demand 

p = international prices 

Y= GDP 

Z = other exogenous variables  

 j = Naphta, Ethane, Lpg, Other oil products 

 i = World, OECD Americas, OECD Asia Oceania, OECD Europe, Africa, Non-OECD Americas, Middle East, 
Non-OECD Europe and Eurasia, Non-OECD Asia (excluding China), China (P.R. of China and Hong Kong, 
China) 

Results 

We obtain good and robust econometric results. We validate the estimations with in-sample forecast for the last 
two periods. We performed the estimation excluding the last two periods of the sample and then we run out of 
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sample forecast checking whether our dynamic simulation is consistent with historical data of the last two years. 
We use the root mean squared error or as check.  

We compare our results with the existing international sources like the OPEC Report and the IEA World Energy 
Outlook. 

Conclusions 

This is the first econometric attempt of KAPSRC to model the petrochemical feedstock demand in a long term 
perspective for a detailed number of regions of the world separately for the main feedstocks our scenario our 
model is a useful tool to help policymakers to assess the trajectory and the trends of the long term industrial and 
technological developments in the field of Petrochemicals 
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Overview 
 

The study discusses the challenges and opportunities within the energy sector, with all the transitions it is 
having nowadays. One of the main challenges facing the energy sector is the volatility of oil prices. This presents 
severe pressure on oil-dependent economies from both supply and demand points of view. From the perspective of 
oil exporting countries like Saudi Arabia, this challenge can be mitigated by finding the optimal hedging strategy 
using downstream, especially refineries. This was analysed using a stochastic simulation modelling approach to find 
the optimum refining capacity in Saudi Arabia in terms of maximum average revenue and minimum revenue 
volatility. 

Methods 
The optimization engine process: 

1. Extract historical monthly oil prices from 1990-2022 June, opening, closing, and average. 

2. Develop two data sets, one with the prices as is, and the other with the prices inflated (trended) to 2022 
levels using consumer price index (CPI). 

3. Fit both data sets to mixture of continuous distributions (Weibull and Lognormal) to generate additional 
data points from (interpolation and simulating data points). 

4. Generate 100M simulated data points of oil prices. 

5. Perform stochastic simulation by randomly choosing a price for 100k points (as a yearly average). 

6. Once simulations were generated, construct a trade-off balance formula between the total revenue and 
revenue variance for each simulated price. This allows us to choose the best allocation between 
downstream and upstream to maximize the revenues while maintaining optimal minimum revenue 
volatility across scenarios. 

 

Results 
The analysis result suggests to increase Saudi Arabia’s refining capacity by 20-40% of its current capacity. This will 
allow Saudi Arabia to have high sustainable level of oil revenue while maintaining minimal level of variation across 
the years. 

 

Conclusions 
This study has shed the light on the issues related with the overreliance on oil as the main revenue source for Saudi 
Arabia. The stochastic simulation analysis conducted aimed to address oil price volatility issue and suggested to 
increase Saudi Arabia’s refining capacity by 20-40% of its current capacity to achieve optimal situation. Moreover, 
that would also have other positive impacts on the Saudi economy via increasing diversification, ensuring 
sustainable oil demand, and attaining more local content development while leveraging Saudi comparative 
advantages. 
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Overview 
The rapid shift in the scientific outlook due to climate change and global warming has led researchers to actively 
pursue carbon neutral or net-zero alternatives. The COP 27 is scheduled in Egypt, in November 2022, and the world 
is looking toward its leaders to develop robust climate-resilient approaches. India announced its National Hydrogen 
Mission during the Union budget in 2021. Hydrogen is considered one of the prominent energy options and a 
rationale in low-carbon energy systems. With the decarbonization of energy systems and critical developments in 
hydrogen production technologies, the prospect for hydrogen to play a substantial role in energy systems has 
become realistic. The research and development of hydrogen production methods are gaining momentum, to 
develop a hydrogen economy in the future and to meet net-zero goals for India by 2070.  

This conference paper will showcase a techno-economic analysis and comparative analysis of different hydrogen 
production methods for an Indian scenario utilizing open-source tools developed by the US Department of Energy’s 
Office for Energy Efficiency and Renewable Energy Hydrogen Program and understanding the application of its 
fundamental assumptions. The different production methods for hydrogen include biomass gasification, solid oxide 
electrolysis, polymer electrolyte membrane electrolysis, and steam methane reforming. A Techno-economic analysis 
has been carried out to estimate the cost of hydrogen via these production methods and then a comparison is drawn 
to explain the cost of hydrogen by these production methods. This paper also utilizes an Excel-based model 
developed by the US Department of Energy, HDSAM (Hydrogen Delivery Scenario Analysis Model) for modeling 
the cost of delivering hydrogen from a central production facility into a vehicle. The delivery infrastructure deploys 
all transport, storage, and conditioning activities from the outlet of the Hydrogen production plant to the fueling 
station.The paper will also showcase the results of in-house process engineering models developed by the authors at 
the Indian Institute of Technology Ropar.   

Methods 
H2A  

The cost analysis is performed by using the H2A Production model developed by the Department of Energy (DOE) 
Hydrogen program. The model examines the technical and economic aspects of different hydrogen production 
technologies. The model considers a standard discounted cash flow methodology and a specified after-tax internal 
rate of return from the production technology. It uses the Microsoft Excel spreadsheet analysis tool for the 
calculation of the Levelized cost of hydrogen. It requires detailed input variables such as plant performance 
information along with the financial and cost information to run a plant. There are a standard set of assumed 
assumptions that the model uses to ensure consistency. 
 
HDSAM 

Hydrogen Delivery Scenario Analysis Model (HDSAM), is an Excel-based model that estimates the cost of 
delivering hydrogen from a central production facility to a hydrogen-fuelled vehicle. The Infrastructure and 
refueling techno-economic assessments use a set of Excel macros which is a recording of regular steps in excel, 
Infrastructure, and refueling techno-economic assessments use an engineering economics approach to cost 
estimation. For a given scenario a set of “components” (e.g., pipelines, compressors, storage vessels, tube trailers, 
etc.) are specified, sized, and linked into a simulated delivery system or pathway. Technology cost and performance 
assumptions are then combined with system financial assumptions to compute the contribution of these components 
to the delivered cost of hydrogen 

Results 
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Recently we have begun analysis on a case study for Davis, CA (USA) using the Hydrogen Delivery Scenario 
Analysis Model [A3] 

 

Figure 1. Delivery Cost of H2 (US$/kg) by HDSAM Model  (Desired dispensing rate 2000 kg used/day) at HIGH 
production volume for Davis, CA (USA) 

Conclusions 
 
Our study will estimate the present cost of hydrogen with different production methods. A comparative analysis is 
drawn to understand the difference between the cost of grey, blue and green hydrogen. This study will help 
understand the prospects of using blue and green hydrogen in India. Gray hydrogen currently constitutes a market of 
$150 billion. But gray hydrogen is mainly a major polluter, the focus will be turned to producing blue hydrogen 
which is with carbon capture and storage. There is also an indication that the climate impact of blue hydrogen 
production would be similar to green hydrogen if emissions are minimized. While there is a lot of hype regarding 
green hydrogen, all the cost factors should be taken into consideration such as the price of producing green 
hydrogen. 
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Overview 
In this paper, we test for the existence of stock market contagion effect, originating from strategic commodities price 

fluctuations from April 2000 to April 2022. We apply the augmented multifactor asset pricing model to capture the 

unexpected return and separate simple correlation due to fundamentals and contagion during the recent COVID-19 

and Russian-Ukraine induced financial market crises. Also, we consider segmentation versus integration process. If 

individual stock markets and regions are perfectly integrated but unexpectedly experience their correlations 

coefficients rising, our test rejects the null hypothesis of no contagion. If, however, stock markets are perfectly 

segmented, the increased correlations may essentially be a consequence of increased factor volatility.  

 

Methods 
U��� ������ ���'�'�� ��� ��	'� �' that of Bekaert et al. (2005), which� ��'���	'� ���� ����+�� effect as 

correlation among�������	�'�duals, allowing for time-variation in��=#������	���	'�	�':�#	���'���

U����������	�$����'������	�'���
������������	���	��������+���������'��	���'������-'j��"��-����'���	�
�����
����'����'�	���+�������������'�#	���'�	�':'��-������	���	��������the case of international port������
�������� �""�� -�� ��:�� ����	�
� ���� �����	���� $��-��� '��#��� ��		������� ���� ��� ���������'�� �	� ���
����+�����������#�	���������������	��''�� model������"""��-����'���	��'
����	���������'������$���
'���:���	:��'����/�	
���	��+���������

W����	������'�	���+�������������'�#	����	�':'��'�������������������������agion in the category of 

global�	�':' and -��consider�����'�$\#�	���'�����	�'�'�����/�'��+����-�����	���	����������+��	����
'�������	��'�'�����		������'��Z�	�results�show���	�$�'����'����	����	��������	�+��nal market and oil 

price risks and ���� ����� /�	������ ��� �	�''\'�������� #����	'� �� ��	�\	�+����� /�	'�'� 	�+�����
��		������'���

�

Results 
Our� 	�'���'� will #	�/���� '�	�+� �/������ ��� ����+��� ������'� �	iginating in the international equity 
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�� -����� ���� ����/����'� -���� ���� international market are the strongest�� U��� 	���� ��� ���� and gas �'�
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Conclusions 
This paper tests for the existence of stock market contagion effect, originating from strategic commodities price 

fluctuations from April 2000 to April 2022. We apply the augmented multifactor asset pricing model to capture the 

unexpected return and separate simple correlation due to fundamentals and contagion during the recent COVID-19 

and Russian-Ukraine induced financial market crises. Also, we consider segmentation versus integration process. 

The role of oil and gas is found significant in the variance decomposition and in the dynamic correlations, giving 

evidence of a factor that can amplify financial contagion. 
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Overview 
Seeking to meet the Paris agreement goal of limiting global warming and achieve net-zero emissions by 

2050, many countries around the world work on reducing GHG emissions to net zero by 2050. Generally, energy 
transition a way from fossil fuels to renewable energy is considered pivotal to fulfil net-zero emissions goal and 
some economies has been working on such transition even before the agreement. This transition led to an 
approximately ninety-fold increment in global renewable energy installed capacity – as a proxy for investment in the 
sector- during the period 2000-2021, while world oil refining capacity- as a proxy for investment in oil industry- 
hardly grew by 25%, during the same period (BP Statistical Review, 2022).  

However, these statistics don’t mean that expanding renewable investment�has driven oil industry growth to 
slow down, as other factors should be taken in consideration, as oil prices, differences among developing and 
developed countries in energy consumption patterns, the initial share of each resource in the world total energy 
production. Besides these factors, recent technological developments in Carbon Capture, Utilization and Storage 
(CCUS) technology to produce blue and even aqua hydrogen1, would be a key to reduce the refining industry’s 
carbon footprint. Another important factor is the continuous advancements in electrical vehicles (EV), which 
expected to improve EV competitiveness against fuel vehicles as a way to minimize carbon emissions, consequently, 
it would diminish demand for oil in the transportation sector, which used to mainly depend on oil products. 

 
The aim of this paper is to investigate whether both of renewable energy sources and oil industry may crowd-in or 
crowd-out each other. Consequently, the analysis takes in account additional variables, besides production capacity 
in both of renewables (RE) and oil refining industry. Other variables are gross domestic production in constant $ 
(GDP), as a proxy of demand for energy; switching rate in electricity generating (SWT) from oil & coal to cleaner 
resources, i.e. renewables, nuclear energy and natural gas,  as a proxy of energy transition, greenhouse gas emissions 
level (GHG), energy efficiency level (EF), and oil prices (OP). 
 
Accordingly, this study is supposed to contribute to the prevailing works of literature by analysing and measuring 
the relationship between oil as a fossil fuel and renewables from investment scope rather than the consumption one, 
taking in account the potential role of oil prices role, and recent technological advancements in VE and CCUS. 
Another contribution is the comparative analysis of the investigated relation between developing and developed 
economies. 
 
   This paper is organized as follows: a review of literature on the study’s topic is provided in section 2, 
methodology and data are described in section 3, econometric results are presented in section 4. Section 5 discusses 
empirical findings. Finally, conclusions and policy recommendations are proposed in section 6. 
 

Methods 
In this study two panel models are employed, the first to examine the impact of investing in oil sector on 

investing in RE, the second model examines the vice-versa relationship. Each model is applied on two panel sets, 
developed and developing economies, selected countries are chosen based on two criteria: energy total consumption, 
and energy production capacity, as the chosen countries are considered among the world’s top economies in both 
criteria, and each panel set includes 10 countries. Models are estimated on annual basis, covering the period from 
2000 to 2021, in a log-log form. 

Stationarity tests are conducted to determine the variables integration orders, results show that variables are 
integrated in different orders-i.e. I(0) and I(1) - therefor, ARDL cointegration approach introduced by (Pesaran et al., 
2001) is the most appropriate approach. The coefficient of the error correction term is negative and significant in the 
two models, and for each panel set, thus, a long-run relationship between variables is existing. In addition, a 
modified version of Granger causality approach proposed by Toda & Yamamoto (1995) is applied to investigate 
causality between variables.  

                                                           
1 Aqua hydrogen is a new method to extract hydrogen from both conventional and shale oil, the extracted form of 
hydrogen doesn’t emit CO2, similar to green hydrogen, but at lower costs (Yu et al., 2021) 
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Results 
For the first model, long-run estimates emphasise the negative impact of investing in oil industry on 

investing in RE sector, for both panel sets. Yet, the effect on RE sector in developing countries is larger than the 
effect in the other group. In addition, short-run coefficients vary among oil importing and oil exporting countries, 
especially in the developing countries panel set. Other significant variables in this model are OP and GHG, both are 
positively influence RE in both panel sets- except for OP in developing countries- noticing that GHG in developed 
countries model, has the greatest impact on RE compared to other variables. On the other hand, SWT has a positive 
significant impact in the developed countries panel set, while it has a tiny impact in the other set. Other variables – 
EF & GDP- show insignificant effects in both panel sets. Error correction term value indicates that the speed of 
adjustments to long-run equilibrium in developing countries is faster than in the developed. 

For the second model, while renewable sector significantly affected oil industry in both panel sets, a crucial 
difference noticed between results, as RE negatively affect investing in oil industry in developed countries, contrary 
to its effect on oil industry in developing countries. Another worth mentioned difference between the two groups, 
that OP positively affect oil sector in developing countries, which is contrasting with the insignificant impact in the 
other panel set. Predictably, SWT has negative, though mild, influence on oil industry in both groups, but it seems to 
has a bit larger impact in case of developed countries. For EF, results show that it negatively influence oil industry 
in both panel sets, and has the greatest impact on oil industry investment compared to other variables, in case of 
developed countries. Finally, Toda-Yamamota causality test asserted the bi-directional causality from renewable 
energy to oil industry, in both panel sets, while the causality runs from oil industry to renewable energy in 
developing countries only.  

Conclusions 
The findings suggest that for the world’s top energy consuming countries-either developed or developing 

economies- investment in oil industry causes a crowding-out effect on investing in renewables sector, noting that 
this effect tends to be larger in oil producing countries in general. On the other hand, investments in renewables 
sector crowding-out investment in oil industry in developed countries, contrary to its impact in developing countries, 
where it crowding-in investments in oil industry. This contradiction is due to the difference between the two groups 
in economic structure and energy consumption patterns, as discussed in the full paper. 

The study concludes that switching toward cleaner resources has a significant negative but tiny impact on 
investment in oil industry, this because such a switch – till now- is mainly affect the electricity generating energy 
mix, which oil products share is very small, however, the ongoing technological advancement in EV would 
accelerate demand for clean electricity generating, but at that time the impact on oil industry is expected to be a 
larger effect, as it would threatens oil products share in transportation sector, the main source of global demand for 
oil. 

Increasing GHG emissions level is consisedered the dominant factor that accelerates investments in 
renewables and put pressures on investing in oil sector in developed countries – which mostly are oil importing 
countries. However, recent developments in CCUS technology would give a life back for fossil fuels, including oil. 
This technology would be a game changer, especially for low-cost oil producing countries.   

The positive effect of oil prices on oil industry investments- in developing countries- may be a warning 
alarm for energy security in case of relatively low prices, especially that renewables production capabilities still low 
compared to other fossil fuels, at least in the middle term. This conclusion sheds light again on the crucial role of 
CCUS technology, which helps to accomplish low-carbon energy transition, as a more practical approach than 
transiting away from fossil fuels.  
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Overview 
Reducing greenhouse gas emissions in the industry sector is a major challenge for the success of the energy 
transition. Fossil energy sources for the provision of process heat and for non-energy use are particularly difficult to 
substitute with renewable energy sources. At the same time, the rising share of fluctuating renewable energies leads 
to an increasing demand for flexibility in the power system in order to ensure security of electricity supply and grid 
stability as well as to create incentives for the further development of renewable energies while limiting curtailment 
and the costs for grid expansion. Renewably produced hydrogen is set to play a key role in completing the energy 
transition and essential for the decarbonised energy supply in the industrial sector [1], [2]. Moreover, electrolysers 
represent a new source of flexibility for power systems with a high share of renewable energies [3], [4]. Thus, green 
hydrogen yields the potential of addressing both challenges, the decarbonisation of industry and integrating new 
flexibilities into the energy system. To tap this potential, it is fundamental to bring together the perspective of the 
overall energy system at the macro level on the one hand and the business perspective of the companies at the micro 
level on the other. In order to safeguard existing economic sectors and to create incentives for industry to invest in 
carbon-neutral technologies and provide demand flexibility for the grid, strategies for decarbonisation and demand-
side management in the industrial sector must be evaluated together with the economic viability of business models. 

In this paper, we perform a techno-economic analysis of the integration of hydrogen in the German industry sector. 
We evaluate the technical, economic and regulatory potentials and limitations of electrolytically generated hydrogen 
utilisation (power-to-gas, P2G) in an exemplary case study at an industrial site. Our analysis uses production data 
covering demands for electricity and process heat as well as material consumption at the site. We consider different 
regulatory frameworks for grid charges and distinguish three scenarios for the targeted level of decarbonisation. We 
analyse in which scenarios the integration of hydrogen into the local process chain is economically viable and in 
which scenarios subsidies are required. In particular, we assess the current regulatory framework and examine to 
what extent it has an impact on the profitability of business models at the micro level. In addition, we analyse how 
regulations for grid charges have to be designed to incentivise decarbonisation and system-serving behaviour. Our 
results suggest that regulations concerning grid fees currently have a major effect on the profitability of integrating 
green hydrogen in the industry sector. 

 

Methods 
For the analysis of potentials and limitations of green hydrogen integration in the German industry we develop a 
techno-economic optimisation model for the local energy system at an industry site that minimises costs for the 
procurement, generation, storage and utilisation of energy carriers such as electricity, natural gas and hydrogen also 
considering investment costs. The exogenously given demand for electricity and process heat has to be covered at all 
times. In order to be able to consider the specific characteristics of the individual process chains in the optimisation, 
a high temporal resolution is required. 

The optimisation model calculates an overall concept for green hydrogen production and utilisation at an industry 
site, taking into account technical, economic and regulatory criteria. The focus is on the analysis of the implications 
of the regulatory framework, especially regarding grid charges, the technical design of hydrogen production and use, 
as well as the evaluation of the integration of further system components such as large hydrogen or battery storage 
that add flexibility potential for the smoothing of peak loads and load shifting. In addition to potentials from local 
hydrogen production at the site (onsite), the technical concepts considered also include the option of possible 
external hydrogen production at a nearby wind farm (offsite) as well as the option of a connection to a national or 
European hydrogen backbone. 
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Different scenarios are designed representing different targets for the decarbonisation of the industrial site. While no 
exogenous targets for emission reduction are set in the baseline scenario, a 30% reduction of carbon emissions is 
assumed in the emission reduction scenario and a fully decarbonised production in the green production scenario. 
Since investments in electrolysers and in the adaptation of processes and production technologies are long-term 
investments and the parameters of our model, such as energy prices, are subject to uncertainty, we perform a 
sensitivity analysis to determine the sensitivity of our optimisation results to price changes. We apply and test the 
model in a case study at a steel mill site. For this, we use production data on the energy and material demand of the 
processes at the site. 

 

Results 
Our results indicate that the regulatory framework, in particular the regulation of grid charges, is a decisive factor 
for the profitability of the production and use of green hydrogen in German industry. In the baseline scenario green 
hydrogen use is not cost-efficient for the industry site as prices for green hydrogen are relatively high in comparison 
to natural gas prices. In the emission reduction scenario and in the green production scenario with a exogenously 
given emission reduction target of 30%, respectively 100%, the local production and use of green hydrogen is cost-
efficient due to potential savings regarding grid charges. 

However, the current regulatory design for grid charges does not incentivise the provision of flexibility to the power 
system. Rather, the regulations promote uniform electricity demand instead of flexible demand depending on the 
feed-in from renewables or on system-wide peak loud hours. 

 

Conclusions 
Sector coupling in industry will play an important role in decarbonising the industrial sector. In addition to the 
electrification of industrial processes, the integration of hydrogen offers the potential to decarbonise processes that 
cannot be electrified and, at the same time, to make the electricity demand of an industrial site more flexible by 
decoupling the electricity drawn from the power grid and the electricity demand from the process chain at the site. 
Especially in industry sectors where industrial demand-side management is difficult to implement due to specific 
process characteristics, electrolysers can increase the flexibility of industrial electricity demand. 

However, our case study suggests that the investment is not cost-efficient for the exemplary industry site under the 
current regulatory framework. Subsidies or an adjustment of levies, fees and taxes are needed to support companies 
in the decarbonisation of industrial processes. With regard to the flexibility potential of electrolysers and local green 
hydrogen production, this case study indicates that the current regulation of grid charges sets the wrong incentives 
and rewards steady rather than flexible electricity demand. Thus, the current regulatory design in Germany creates 
incentives for peak-shaving of peak demand at the site, but does not incentivise adjusting demand to the availability 
of intermittent renewables or system-wide peak load hours. In order to tap the potentials of the production and use of 
green hydrogen in industry, it is therefore necessary to adapt the regulatory design with a view to the requirements 
of a future decarbonised energy system. 

Our modelling approach can be transferred to other energy-intensive industries such as the chemical industry. As the 
different industry sectors and sites are characterised by individual process designs and energy demand patterns, they 
may offer different potentials of providing flexibility, leading to different implications regarding the economic 
viability of integrating green hydrogen. 
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Overview 
Oil price fluctuations generated a lot of attention among academics, practitioners, and policymakers since the first oil 
price shock in 1973. Ever since, oil prices were thought to be more volatile than the prices of other goods seeing that 
the oil markets went through various periods of boom and bust (Regnier, 2007). The literature has evolved drastically 
on the reasons and sources of oil price fluctuations. The empirical work identified a variety of causes that led to these 
fluctuations. For example, the fluctuations in the worldwide demand for oil, disturbances and interruptions in supply, 
political unrests around the world, and speculative purposes (Caldara et al., 2019). Over the last 40 years, economists 
made substantial efforts in studying the oil price fluctuations following the novel work of Hamilton (1983) who 
showed the adverse effect of oil prices on output growth. The Energy Information Administration (EIA), in their 2006 
report, shows that the worldwide economic growth continues to be substantially associated with oil prices (IEA, 2006). 
On the other hand, a strand of literature suggests an asymmetric association between oil price fluctuations and the 
macroeconomy (e.g.: Mork, 1989; Mory, 1993; Ferderer, 1996). On the whole, the oil price fluctuations are perceived 
to have vital macroeconomic effects for both oil-importers and oil-exporters (see for example: Hamilton, 1996; Stern 
and Cleveland, 2004; Jiménez-Rodríguez and Sánchez, 2005; Rafiq et al., 2009; Kisswani and Kisswani, 2019; 
Kisswani, 2021a).  

The argument that supply and demand shocks being responsible for oil price fluctuations has been long 
debated among academics and practitioners, due to the different models employed and variety of time series data used. 
For example, Barsky and Kilian (2002), Killian (2009) and Kilian and Murphy (2014) argue that most historical oil 
price fluctuations are attributed to demand shocks not to supply shocks. On the other hand, Hamilton (2009), 
Kaufmann (2011), Baumeister and Hamilton (2019) and Caldara et al. (2019) argue that oil price fluctuations are more 
to be supply-side driven, although demand and supply shocks are both equally significant in enlightening the 
fluctuations. Hamilton (2009) points out that speculation on the oil market can another cause of the oil price 
fluctuations. On the other hand, investors consider oil as a key investment tool, for that reason fluctuations in oil prices 
are believed to affect other investment means such as the precious metals (gold and silver) given the connection 
between the financial markets and economic growth (Yildirim et al., 2020). Zhang and Wei (2010) found that oil 
prices and the gold prices are positivity correlated.  Sari et al. (2011) find that prices of gold and silver lead oil prices, 
since oil and precious metals are considered tools for hedging by traders and investors. Kang et al. (2017) documented 
a bidirectional spillover between oil prices and the prices of gold and silver. In addition, they show that both gold and 
silver are information transmitters to oil future market. Berdin et al. (2015), Lucey and Li (2015), and Salisu et al. 
(2020), among others, find precious metals are useful hedge against volatile oil prices.  

The effects of uncertainty on oil markets is an additional source that may contribute to oil price volatility. 
When uncertainty increases, financial traders try to hedge against this, causing negative impact on prices of future oil 
contracts, in addition to increasing uncertainty regarding future supply and demand in the oil markets, triggering more 
price fluctuations (Cheng et al., 2015; Bakas and Triantafyllou, 2018). Kilian (2009) discusses the effect of uncertainty 
on the oil market. Degiannakis et al. (2014) argue that uncertainty possibly feeds into oil price fluctuations. Aloui et 
al. (2016) show that, throughout particular periods of time, uncertainty affects oil returns positively. Lyu et al. (2021) 
find that economic uncertainty affects crude oil price returns negatively. Still, other empirical work finds no effect of 
uncertainty on oil price fluctuations (e.g. Reboredo and Salah Uddin, 2016).  

Methods 
The variation in the outcomes of the empirical work may be due to the specification of the estimated models. 
Interestingly, the bulk of empirical work assumed a linear (symmetric) association and did not consider the asymmetric 
effect on oil price fluctuations, whereas Hamilton (2003) argues that economic variables behave in a nonlinear 
(asymmetric) fashion over time, and as a result ignoring asymmetric behavior may cause deceptive and misleading 
interpretations. In this regard, this paper sheds light on the drivers of the fluctuations of West Texas Intermediate (WTI 
hereafter) oil price by highlighting the roles of prices of precious metals (gold and silver), oil production (OPEC and 
Non-OPEC), and uncertainty (measured by Economic Policy Uncertainty, EPU hereafter), by applying the novel 
asymmetric time-varying model of Shin et al. (2014); nonlinear autoregressive distributed lags model (NARDL). To 
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date, and to the best of our knowledge, no or limited work has considered the presence of nonlinearity in examining 
oil price fluctuations.1 In view of that, in this paper we tackle the nonlinearity (asymmetry) through employing the 
NARDL model, which has shown great power in capturing the asymmetric effects in both the short- and long-run, and 
has been adopted in various empirical studies. There are noticeable advantages of utilizing the NARDL model. First, 
it allows examining the long-run relationship irrespective of whether the involved variables are I(0) or I(1) or a mixture 
of both. Second, it is estimated by OLS and allows for detecting the asymmetric short- and long-run effects. Third, it 
introduces the long- and short-run nonlinearities via decomposing any explanatory variable into positive and negative 
partial sums. Forth, it allows explanatory variables to take different lag order which helps in avoiding the endogeneity 
problem. Finally, NARDL model can be employed efficiently in the case of small sample size. In sum, the NARDL 
model is an appropriate methodology to provide significant insights about the asymmetric econometric relationships.  

Results 
The empirical findings show a significant asymmetric cointegration between oil prices and its explanatory variables. 
The long-run statistics of the NARDL model provide evidence of an asymmetric effect of the explanatory variables 
(prices of gold and silver, and oil production, and EPU) on oil prices, denoting that the effect of the positive changes 
(increase) is different than the negative changes (decrease). On the other hand, short-run asymmetry was found to be 
significant for silver price and oil production only. The employed diagnostics tests show that the NARDL findings are 
stable. Before undertaking the NARDL investigation, we carried out the non-linearity assessment of Broock et al. 
(1996). The results revealed that all the engaged variables show non-linearity behavior, offering sound verification for 
utilizing the NARDL approach for the asymmetric assessment. Finally, the Toda and Yamamoto (1995) causality test 
shows heterogeneous findings.  

 
1 Kisswani (2021b) studied the asymmetric effects of three measures of uncertainty on oil price fluctuations 
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Overview 
In the context of decarbonisation, long-term energy scenarios play an important role to provide guidance to 

industry and policymakers, including potential futures and pathways. However, energy scenarios are themselves 
subject to political and industry influence, such that assumptions – and hence results – are not “objective” but rely on 
specific views and perceptions on the future. The debate about the future energy systems, is often characterized by 
biases and belief systems rooted in broader public perceptions as opposed to expert insights and data (Midttun and 
Baumgartner 1986; Krey et al. 2019; Bloomfield et al. 2021). Since the beginning of long-term energy planning, 
nuclear power has played a particularly important role, both due to expected technical progress, and the difference 
between expected cost reductions and real cost developments. Thus, energy scenarios of the 1960s counted on fast 
breeder reactors to deliver energy “too cheap to meter” (Strauss 1954) in what Seaborg (1970) called the “plutonium 
economy”. Another wave of technical optimism occurred in the 1980s (mainly in Europe), where the advent of a new 
technology generation was expected, that would lead to a significant increase in the share of nuclear power in 
electricity generation (Häfele 1981). At the moment, another wave of technological forecasting expecting “advanced 
nuclear” to play a major role in decarbonised energy systems is becoming popular (Duan et al. 2022). However, a 
recent paper from the Integrated Assessment Modelling (IAM) community and scenarios with updated cost 
assumptions of renewables, in particular for solar photovoltaics and energy system integration costs, point in the 
opposite direction, i.e. that due to high costs, nuclear power is phased out in the coming decades (Jacobson et al. 2019; 
Löffler et al. 2017; Luderer et al. 2021; Pursiheimo, Holttinen, and Koljonen 2019; Teske et al. 2021; Bogdanov et al. 
2021).  

Methods 
We screen 409 Scenarios of 24 Integrated Assessment models based on the IAMC 1.5°C Scenario Explorer 

(Huppmann, Daniel et al. 2019) and 822 Scenarios of 84 Integrated Assessment models based on the AR6 Scenarios 
Database hosted by IIASA(Byers, Edward et al. 2022) to their assumptions on the development of nuclear power, and 
other elements of the energy system, and how these translate into relative and absolute contributions of nuclear power 
in long-term decarbonisation scenarios. We provide an in-depth analysis of those different energy scenarios based on 
the IAMC 1.5°C Scenario Explorer (Huppmann, Daniel et al. 2019) and data with regards to their pathways in the 
share of nuclear power over time and of the AR6 Scenarios. We cluster these scenarios and compare their underlying 
models as well as assumptions mainly with regard to CAPEX. In addition, these results are compared with energy 
scenarios of major international institutions and independent research teams publishing global scenarios. 

Results and Conclusions 
We find that in the universe of ambitious long-term decarbonisation scenarios, two groups can be clearly 

identified: (1) Some models conclude a rising share of nuclear, implying a steep increase in absolute power plant 
capacities; this group includes international organisations (IAEA 2020), also the IPCC (2018) with its IAM scenarios 
and the IEA (IEA 2021a) with their Net Zero by 2050 Scenarios with the highest nuclear projection since IEA history; 
while (2) other models consistently find a decreasing share of nuclear power, leading to very high shares of 
renewables. Figure 1 shows that the former group forecasts a slightly rising relative share of nuclear, which – given 
steeply rising electricity demand – implies a steep increase in nuclear power plant capacities. On the contrary, the 
decline of nuclear in the other group is linear until 2050/2060. Interestingly, some scenarios forecast a “rebound effect” 
after 2060, whereas in the larger subgroup nuclear phases out by 2060. 

At present, we are analysing the first group of scenarios with respect to their assumptions. In general, assumptions 
of cost digression for nuclear are very optimistic, whereas they are rather pessimistic on renewables costs. Nuclear is 
often modelled as a baseload technology because flexibility options for renewables-based systems are underestimated. 
Also, we find an inconsistency in the International Energy Agency`s (IEA) annual World Energy Outlook (WEO): 
The highest value scenario for nuclear power is estimated by the current Net Zero Emissions scenario (NZE) of the 
IEA, which at the same time confirms that nuclear power is the most expensive way to provide electricity (IEA 2021b), 
which is confirmed by independent market analysts (Lazard 2021). We conclude the need for a critical assessment of 
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long-term scenarios, both with respect to cost assumptions of nuclear power and other variables, and the modelling of 
a largely decarbonised energy system.  

 

Figure 1: Preliminary explorative – analysis of the development of the share of nuclear energy in total net energy 
production  of IAMC 1.5 scenarios (Base year 2050, 10 yr. – resolution). 
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Overview 
The Residential Sector (RS) is a sector where most of the Neoclassical Economic Theory principles about the 

dimension representation may fail. The RS is responsible for consumption and management of energy in resi

buildings [1] and contain electricity, heat and cold suppliers [2]. The RS might account for 25% and up to 4

the total energy consumption of a nation. This share depends on a range of heterogeneous and diversity facto

as the socioeconomic dimension of consumers, wheather conditions and cultural characteristics that evolve in

and time [3]. Most importantly, heating (space heating and water heating) and cooling (space cooling) can co

up to 80% of all the residential energy and depends on human behavious, social structures and income lev

And related global greenhouse gas emissions represent 17% of global emissions [5]. Thus, the assessment of 

human dimension, consideting other theory fundamentals for the sustainable transition of this sector is key t

mid-century net-zero emission targets.  

Methods 
To overcome the limitations of the representative homogenous hyper-rational agent in traditional models ba

Neoclasical economics, the representation of the human dimension in climate-energy-economy models requi

use of empirical, historical, and analytical data from other schools of economic thought. The framework pre

here is based on assumptions from Anwar Shaikh’s Theory of Real Competition. Geospatial big data an

(combination of Geographical Information Systems, GIS, and Big Data Analytics) and agent-based mo

(ABM) tools present a potential opportunity to introduce realism, as Shaikh states, in the analysis by repre

the complexities of agent’s heterogeneous shaping structures and diverse shaping attributes.  

 

This article presents the framework of the novel MUSE (ModUlar energy system Simulation Environ

ResidentiAl Spatially-resolved and temporal-explicit Agents (RASA): MUSE-RASA model, a Geospatial 

Based Modelling Framework based on Shaikh’s Theory of Real Competition. This enhanced model has been a

to assess the long-term transition of the Climate-energy-economy system with a focus on the residential

globally with a particular focus on the MEA region (Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, 

Arab Emirates, Yemen, Bahrain, Islamic Republic of Iran, Iraq, Jordan) and its impact on reaching the mid-c

NZE target.   

 

The MUSE-RASA framework uses geospatial big data analytics to capture realism into the modelling approa

do this, spatial agents have been defined by the characterisation and parametrisation of five components.

agent components are heterogeneity, diversity, evolution, decision-making and exogenous constraints. 

                                                               

Geospatial agent-based modelling of household long-term energy transit
MEA region using high-resolution gridded data and the MUSE-RASA model  

[Diego Moya, Imperial College London and Technical University of Ambato, 593 032 8849687, da.moy
[Sara Giarola, Imperial College London and Polytechnic University of Milan, +44 7721 490582, s.giarola10@

[Adam Hawkes, Imperial College London, +44 (0)20 7594 9300, a.hawkes@

E
n

e
rg

y
 M

o
d

e
li

n
g



516

term transitions. Traditional models have limited their consideration of the human dimension to the perfectionist 

theoretical notion of a representative homogenous agent with infinite perfect foresight and hyper-rational 

expectations.  

 

Figure 1 illustrates the interactions of the five components of the MUSE-RASA model to abstract the real world into 

a micro-environment and a macro-environment of the simulation process. This simulation produces global metrics 

that serve to analyse the transition and to design policy recommendations. The MUSE-RASA modelling approach 

improves on traditional models by representing the complexities of agent’s heterogeneous structures, diversity and 

evolving attributes to introduce more realism into the analysis when considering empirical, historical, and analytical 

evidence, which is in line with post-Keynesian and Marxist economic theory foundations (Heterodox schools of 

economic thought). The MUSE-RASA model is therefore a more realistic IAM that integrates GIS-based and ABM 

approaches for the global assessment of the residential sector transition, considering heterogeneous and diverse 

agents that evolve in space and time under a range of endogenous and exogenous constraints.  

 

Results 
Results are presented for a single representative hyper rational agent in Figure 2 and for eleven socioeconomic 

agents in Figure 3. These results illustrate the difference between considering hyper rational representative agents 

and when considering the actual characteristics of consumers towards the net zero emission target in the region 

under study.  

 

Conclusions 
Results show the relevance of representing agent disaggregation capturing a range of attributes when assessing the 

long-term sustainable transition of the residential sector in the MEA region. The agent heterogeneity, diversity, 

evolution, decision-making process, and exogenous constraints have been captured to define eleven agents. For each 

agent in the region, five outputs of the MUSE-RASA model have been produced: service demand with a focus on 

space heating, heating supply by technologies, fuel and electricity consumption, emissions, and transition costs. 

Recommendations for energy policy design can be described with reference to four aspects: household budget 

limitations, quantification of the total demand, carbon tax schemes and heat density restriction. Considering these 

aspects in policy design will introduce realism in the evidence base, thus supporting most robust policy design and 

suprasing neoclassical-based model assumptions.  
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Figures: 

 

Figure 1: Abstracting from the real world to the MUSE-RASA model, outcomes, and implications. The five 

components of the geospatial Agent-Based Modelling Framework are identified in the micro- and macro-

environment of the MUSE-RASA model. The model outcomes and policy implications are also illustrated in 

the MUSE-RASA environment. 

 

 
Figure 2: Modelling of the supply of space heating services in the MEA region during winter and cooler 
periods. These results are based on the hyper rational assumption of a representative agent for the whole 
region. a) Region-wide supply in the long-term; b) Region-wide of emissions in the long-term until the end of 
the century. 
 

E
n

e
rg

y
 M

o
d

e
li

n
g



518

 
Figure 3: Modelling of the supply of space heating services in the MEA region during winter and cooler 
periods under a GIS-ABM approach. These results are based on eleven socioeconomic agents for the whole 
region.  
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Overview 

This paper examines the law and economics of imperfect competition in electricity markets. Market power, defined 
as the ability to raise prices profitably above the competitive level, is a significant issue in the aftermath of 
electricity market restructuring (Hakam 2018). In the process of regulatory reform and the development of 
competitive electricity markets, it appears desirable and practical to establish an efficient number of competitor 
generating companies. Using a purpose-built algorithm (Hakam and Macatangay 2018), one approach is to optimize 
the configuration of generating companies ex-ante (before restructuring) rather than ex-post. A simulation of an 
electric power system takes into account not only multi-plant mergers of generating companies subject to a 
regulatory measure of market power (i.e. the residual supply index) (Sheffrin 2002, 2001; Rahimi and Sheffrin 
2003), but also direct current load flow. 

Methods 

We used a nodal pricing (perfect competition) (Schweppe et al. 1988; Hakam et al. 2019) and Cournot model in a 
large market simulation, namely the IEEE 30 bus electricity market with 13 GenCos. Using the Residual Supply 
Index to mitigate market power, this study provides an ex-ante solution for creating optimal electricity market 
structure through recursive optimisation.  

 
Figure 1. IEEE 30 bus power system 

Results 

According to numerical simulation, the efficient market structure in constrained nodal pricing is six players with a 
unique mix of generation technology (base, intermediate and peak GenCos). 

The optimal number of players in the Cournot case study is five, with a slightly different mix than in the baseline 
scenario. Forward contracts reduce market power and provide leverage for the creation of an optimal market 
structure with fewer market participants. As a result, this study discovered the minimum contract coverage required 
to make the market structure reasonably competitive. Based on the results of this simulation, we believe that forward 
contracts and a balanced mix of generation technology in successor companies will help to mitigate market power 
and create an optimal market structure. 

                                                                   

PREVENTIVE APPROACH IN OPTIMISING ELECTRICITY MARKET STRUCTURE 
USING MARKET POWER MITIGATION AND FORWARD CONTRACT 
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Conclusions 

This study extends the application of forward contract in Cournot model e.g. (Allaz and Vila 1993) and (Willems, 
Rumiantseva, and Weigt 2009) by incorporating RSI as an ex-ante tool for mitigating market power. This study also 
extends the application of RSI in the contract-Cournot study of (Newbery 2009) by applying forward contract 
concept in a more complex market structure (i.e. IEEE 30 bus test system) with DC load flow. Furthermore, this 
paper extend the ex-ante approach of mitigating market power in electricity market restructuring as in (Hakam 2019; 
Hakam, Wiyono, and Hariyanto 2020) by incorporating forward contract in the analysis.  

The contributions of this paper are that, by following the algorithm of (Hakam 2019) we found an efficient number 
of players and optimal market structure for a large power system. The preventive approach applied in the 
simulations provides a balanced mix of generation technologies for each GenCo. Market setting a la Cournot (5 
players) offers lower player participants compare to the perfect competition setting (6 players). Using forward 
contract as an instrument to reduce market power, the market regulator could design a four player configuration with 
optimal contract coverage 26%. The results of this simulation are subject to the assumption and power system 
characteristic applied. The numerical simulation based on one-shot gaming that could have a different result with 
dynamic calculation in real time power system. 
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Overview 

Refrigerated transport is one of the most dangerous steps that can disrupt the cold chain. Controlling internal 
temperature and delivery times during transportation is critical for preserving and improving food quality and shelf 
life, as well as lowering the level of health hazard. As a result, it is critical to develop solutions to ensure the quality 
and safety of transported foods against temperature fluctuations, as well as to reduce the energy consumption and 
environmental impact of commercial refrigerated trucks. Among these solutions is the use of Phase Change Materials 
(PCMs) in refrigerated trucks, which is a promising solution because it ensures product quality and preserves 
perishable goods. 

Methods 
 
This study aims to numerically investigate the aero-thermal behavior and to understand the flow mechanisms in three-
dimensional configurations of a refrigerated truck (open door and closed door). For that, a CFD model was developed 
and validated to simulate the aerothermal behavior. Several URANS turbulence models (standard k-Ë��\��������=-
��
SST k-
���������\������������������������������Ï�������������\Ä��\��Ä������������������������������� physical model 
was developed to investigate to study the energy performance of refrigerated trucks under two scenarios: with and 
without PCMs. The PCMs are encapsulated in rectangular rods and installed at the top of the container. 
 

Results 

The results obtained show that the integration of a PCM in system can significantly reduce the cooling capacity 
required when the truck door is opened and lead to significant energy savings by reducing greenhouse gas emissions. 
Furthermore, air temperature fluctuations inside the refrigerated trucks during periods after turning off the cooling 
system are also reduced by using PCM. In addition, three PCMs (RT3 HC1, RT5 and RT8 HC) are tested and 
compared to identify the best one that guarantees the acquired temperature range. As result, the current concept using 
RT3 HC1, RT5, and RT8 HC proves to be capable of reducing the cooling energy required when opening the door by 
61%, 57%, and 35%, respectively. 

Conclusions 
The objective of the current thesis was to acquire knowledge about the aerothermal behavior of a refrigerated 

truck and to understand the flow mechanisms in various three-dimensional configurations through the employment of 
URANS turbulence models and conjugate heat transfer phenomena. Temperature fluctuations during loading and 
unloading are also significant issues in food transportation. As a result, the use of PCMs in refrigerated trucks is a 
promising solution for ensuring product quality and preserving perishable foods. A physical model was created to 
investigate the energy performance of refrigerated trucks with thermal energy storage. 
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Overview 
Natural gas is an important energy source for European economies, representing roughly a quarter of total primary energy 
consumption (BP, 2021) and more than one-fifth of final consumption (Eurostat, 2022a). Natural gas represents one-third of all 
residential energy consumption, with most being used for space and water heating and cooking1 (Eurostat, 2022b), while the fuel 
provide about 20% of energy required by power plants to generate electricity and heat. At least one-third of energy consumption in 
the industry comes from natural gas (both as feedstock and as a source of energy), the highest share amongst competing energy 
sources.2 
By far, Russia is the largest gas supplier in the European Union (EU). In 2021, the country supplied ca. 40%3 of all European gas 
import needs. On the 24th of February, 2022 Russia launched a full scale military invasion of Ukraine. Europe and its allies 
subsequently introduced a comprehensive set of sanctions to avert the ongoing geopolitical crisis, the worst since the WWII. For 
example, the United States has issued a full suspension of oil, LNG, and coal imports from Russia, while the EU has suspended all 
imports of coal. The European Commission has meanwhile developed plans to reduce EU dependence on Russian natural gas by 
two-thirds before the end of 2022, and to eliminate all dependence on Russian natural gas before 2030.4 
In turn, Russia has halted exports of natural gas to Poland, Bulgaria, Finland, the Netherlands and Denmark as these countries 
refused to pay for gas in Rubles5, fearing that would breach sanctions imposed by the European Commission (EC). Further, recent 
sabotage activities blew up both Nord Stream 1 and 2 making technically (on top of politically) impossible to flow gas through 
these pipelines to Europe for foreseeable future. The only remaining flows from Russia are through Ukraine and Turkey, for now. 
The war in Ukraine, therefore, has dramatically increased the risk that Russia will unilaterally suspend all its pipeline gas exports 
to Europe in response to Western sanctions and the ongoing geopolitical situation.  
A complete stop of Russian natural gas deliveries to Europe has turned from a theoretical and market simulation exercises (see e.g., 
Monforti & Szikszai, 2010; Lochner, 2011; Szikszai & Monforti, F., 2011; Chyong & Hobbs, 2014; Richter & Holz, 2015; Egging 
& Holz, 2016; Baltensperger et al., 2017; Bouwmeester & Oosterhaven, 2017; Deane et al., 2017; Sesini et al., 2020; Sesini et al., 
2021) to a real threat to the European (and global) energy security (see e.g., statements from IEA, 2022). A full scale halt of 
Russian pipeline gas supplies could cause a major disruption to European energy markets, because there are limited options to 
replace these volumes in the short term. Consequently, in the context of Europe being highly integrated into the already tight global 
energy markets, a complete halt of Russian gas deliveries will have far reaching energy markets and wider macroeconomic 
impacts6 not just in Europe, but globally. 
This paper has two objectives: (i) to systematically model the impact of a full and prolonged disruption of Russian gas exports and 
what this means for Europe and other regions, and (ii) assess effectiveness of policy options available to mitigate the impact of this 
disruption. The focus of this paper is on European and global gas markets until 2030, as this time frame gives some flexibility to 
respond to the emerging risk of a complete halt in Russian gas supplies. Further, this time frame presents a particular interesting 
case study, as risk of a complete disruption of Russian gas and policy options available in this timeframe highlight challenging 
policy and economic trade-offs.  
 
Methodology 
The analytical framework in this paper is grounded in scenario analysis, using a sophisticated and detailed global gas and European 
electricity market model. The paper advances the energy policy and modelling literature in several ways:  

(1) the model that I developed and used for this research is a co-optimized gas and electricity market model (so called “sector 
coupling” model). The existing literature using integrated gas and electricity models for security of supply analysis is limited 
(see e.g., Deane et al., 2017). Unlike Deane’s et al., (2017) model, our model capture global gas markets with a detailed 
representation of European electricity dispatch. Moreover, I model demand side response for non-European gas markets via 
careful calibration of gas demand curves in the power generation sector. To our best knowledge, this is the first study to 
offer this level of modelling sophistication for the analysis of the implications of a prolonged disruption of Russian gas to 
Europe. The model, therefore, allows to capture market impacts not just for Europe, but also for the rest of global gas 
markets and emerging energy infrastructure investment trends. 

 
1 The role of natural gas use for home heating in the EU is diverse with Hungary and the Netherlands predominantly using gas (share of gas for gas space heating is 
more than 83%) while Sweden and Finland merely use gas for space heating (share of gas in space heating is less than 0.6%). At the EU level, the share of gas in 
space heating is 38% and in water heating - 38%, in cooking – 32% (Eurostat, 2022b). This data is quoted for the year 2020 taken from Eurostat.  
2 https://www.odyssee-mure.eu/publications/efficiency-by-sector/industry/industry-eu.pdf 
3 https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-2c.html  
4 https://ec.europa.eu/commission/presscorner/detail/en/IP_22_1511  
5 to partially mitigate the negative impacts of the imposed sanctions, Russia requested to be paid in Rubles, its national currency, for its gas supplies to Europe. 
6 Exacerbated by the already high inflation and stagnation posed by rising commodity prices 
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(2) For Europe specifically, I use 35 years of hourly climate data related to temperature, wind speed, solar radiation and hydro 
inflows to capture inter-annual variations in gas and electricity demand and supply. This is important because the impact of 
a gas supply disruption will have varying intertemporal and spatial impacts, depending on realization of weather patterns 
across Europe as these spatiotemporal variations in weather impact not just gas demand for heating, but also renewable 
electricity generation. None of existing security of supply studies have these level of details in terms of input data capturing 
inter-annual and spatial variability of gas and electricity demand and supply.  

(3) On the demand side, our study is the first one to incorporate demand side response (DSR) from industrial gas users by 
explicitly accounting for the opportunity cost of gas not consumed for industrial production in Europe. Further, the paper 
compares the cost and benefits of industrial DSR with potential actions coming from European households willing to turn 
down their home thermostat in winter months. Therefore, the paper contributes to the European energy policy and regulatory 
debate by comparing the cost of industrial output curtailment against voluntary demand reductions by households. 

(4) Lastly, I model various proposals regarding wholesale gas price caps in Europe: (1) capping Russian gas only, (2) capping 
all  imported gas at just below the netback cost of spot LNG imports in North East Asia. I, therefore, discuss consequences 
of such a cap and at what level it should be set to minimize potential market distorting effects in the short- and long-term.  

The model itself is a partial equilibrium model, formulated as a quadratic programming problem in AIMMS and is solved using 
commercially available IBM CPLEX solver. In this regard, our modelling methodology follows a well-established energy modelling 
literature (see selected papers, e.g., Zwart and Mulder, 2006, Holz et al., 2008, Lise and Hobbs, 2008, Gabriel et al., 2012, Abada et 
al., 2013, Chyong and Hobbs, 2014, Growitsch et al., 2014). 

 

Preliminary findings 
Preliminary findings for the year 2025 suggest:  

(1) Russian gas exports to Europe is reduced by 153 bcm, relative to baseline (i.e., no disruption to gas flows). This reduction 
is made up of a total suspension of pipeline exports of natural gas to Europe as well as a fall in pipeline exports through 
Belarus. When pipeline flows are disrupted, Russia increases exports to China and Turkey, and it is able to find a route to 
market for some of the lost pipeline exports through an increase in LNG exports to global markets (+24 bcm). Further, 
global gas production is at capacity, while production in Russia falls by 64 bcm in the full disruption scenario (“shock” 
scenario). With the limited upside production potential, I find that the disruption causes a reduction in global gas demand 
(that is, demand side response fills the gap between supply and consumption). The only exception is Russia itself, which 
now consumes additional volumes of “stranded” (not exported) gas.  

(2) As expected, the most severe impacts on consumption are observed in Europe. In particular, the modelling results suggest 
that at least 61 bcm of demand reduction is required for Europe to wean itself off Russian gas in 2025. This is compared to 
other regions, in particular: Africa will see a reduction of gas demand by 7 bcm, South East Asia by 11 bcm and other 
markets by 19 bcm. Therefore, the impact of a complete halt in Russian gas exports to Europe will be felt in other regional 
markets too.  

(3) The reduction in gas demand in Europe of 61 bcm is split between power sector gas consumption (reduction of 40 bcm) and 
industrial gas consumption (reduction of 21 bcm). Thus, I find no curtailment of gas demand for households. I find that non-
Russian gas (predominantly LNG) supplies amounts to 91 bcm when there is no flows from Russia. 

(4) In European electricity market, I find no electricity supply curtailment to households. The security of electricity supply to 
European households can be achieved mainly through fuel switching (gas to coal and oil-fired power generation). In 
particular, I find that coal and oil generation can provide an additional 140 TWh of supplies to Northwest Europe. 

(5) As noted already, the industrial gas demand should be reduced by 22 bcm when there are no gas flows from Russia. This 
industrial demand reduction is, however, not uniform across Europe: for example, I find that the most sever impacts are 
concentrated in Central and Eastern Europe. Thus, solidarity policy measures should be ensured to allocate scarce gas 
resources in case of a physical shortage of the magnitude that was modelled. This finding, in particular, highlights the 
importance of developing curtailment rules within and between European countries in a way that minimizes total loss of 
social welfare, while ensuring fairness and equity amongst consumer groups (e.g., industrial vs commercial vs households) 
and amongst European countries.  

This is still work in progress and I aim to model the impacts across the entire time horizon – 2023-2030 to draw more immediate as 
well as longer-term impacts. I also aim to draw conclusions about policy measures, such as price caps in gas and electricity markets 
in Europe and considerations policy makers should be aware of when thinking about price caps. I also intend to analyze investments 
in LNG exports required to bridge the gap in the emerging gas supply due to unavailability of Russian gas exports to Europe and 
globally. 

E
n

e
rg

y
 M

o
d

e
li

n
g



524

3 
 

References 
Abada, I., Briat, V., Gabriel, S. A. and Massol, O. (2013). “A Generalized Nash-Cournot Model for the North-Western European 

Natural Gas Markets with a Fuel Substitution Demand Function: The GaMMES Model,” Networks and Spatial 
Economics, 13(1), pp. 1-42. 

Baltensperger, T., Füchslin, R.M., Krütli, P. and Lygeros, J., 2017. European Union gas market development. Energy 
Economics, 66, pp.466-479. 

Bouwmeester, M.C. and Oosterhaven, J., 2017. Economic impacts of natural gas flow disruptions between Russia and the 
EU. Energy policy, 106, pp.288-297. 

Chyong, C. K. and B. F. Hobbs (2014). “Strategic Eurasian natural gas market model for energy security and policy analysis: 
Formulation and application to South Stream,” Energy Economics, 44, pp. 198–211. 
http://dx.doi.org/10.1016/j.eneco.2014.04.006. 

Chyong, C.K. and Hobbs, B.F., 2014. Strategic Eurasian natural gas market model for energy security and policy analysis: 
Formulation and application to South Stream. Energy Economics, 44, pp.198-211. 

Deane, J.P., Ciaráin, M.Ó. and Gallachóir, B.Ó., 2017. An integrated gas and electricity model of the EU energy system to examine 
supply interruptions. Applied Energy, 193, pp.479-490. 

Egging, R. and Holz, F., 2016. Risks in global natural gas markets: investment, hedging and trade. Energy Policy, 94, pp.468-479. 
Eurostat (2022a). Energy balance flow for European Union (27 countries). Available here: https://tinyurl.com/swtxx633. 
Eurostat (2022b). Energy consumption in households. Available here: http://tiny.cc/5rozuz. 
Gabriel, S. A., Rosendahl, K. E., Egging, R., Avetisyan, H. G. and Siddiqui, S. (2012). “Cartelization in gas markets: Studying the 

potential for a “Gas OPEC”,” Energy Economics, 34(1), pp. 137-152. http://doi:10.1016/j.eneco.2011.05.014 
Growitsch, C., Heckin, H. and Panke, H. (2014). “Supply disruptions and regional price effects in a spatial oligopoly - an 

application to the global gas market,” Review of International Economics, 22(5), pp. 944–975. 
Holz, F., von Hirschhausen, C. and Kemfert, C. (2008). “A strategic model of European gas supply (GASMOD),” Energy 

Economics, 30(3), pp. 766–788. 
IEA (International Energy Agency), 2022. IEA key statements and communications on the natural gas crisis in Europe. Available 

at: https://www.iea.org/news/iea-key-statements-and-communications-on-the-natural-gas-crisis-in-europe. 
Lise, W. and Hobbs, B. F. (2008). “Future evolution of the liberalised European gas market: Simulation results with a dynamic 

model,” Energy, 33(7), pp. 989–1004. 
Lochner, S., 2011. Modeling the European natural gas market during the 2009 Russian–Ukrainian gas conflict: ex-post simulation 

and analysis. Journal of Natural Gas Science and Engineering, 3(1), pp.341-348. 
Monforti, F. and Szikszai, A., 2010. A MonteCarlo approach for assessing the adequacy of the European gas transmission system 

under supply crisis conditions. Energy Policy, 38(5), pp.2486-2498. 
Richter, P.M. and Holz, F., 2015. All quiet on the eastern front? Disruption scenarios of Russian natural gas supply to 

Europe. Energy Policy, 80, pp.177-189. 
Sesini, M., Giarola, S. and Hawkes, A.D., 2020. The impact of liquefied natural gas and storage on the EU natural gas 

infrastructure resilience. Energy, 209, p.118367. 
Sesini, M., Giarola, S. and Hawkes, A.D., 2021. Strategic natural gas storage coordination among EU member states in response to 

disruption in the trans Austria gas pipeline: A stochastic approach to solidarity. Energy, 235, p.121426. 
Szikszai, A. and Monforti, F., 2011. GEMFLOW: A time dependent model to assess responses to natural gas supply crises. Energy 

Policy, 39(9), pp.5129-5136. 
Zwart, G. and Mulder, M. (2006). “NATGAS: A model of the European natural gas market,” CPB Memorandum 144. 

http://www.cpb.nl/sites/default/files/publicaties/download/memo144.pdf. 

E
n

e
rg

y
 M

o
d

e
li

n
g



525

 Arabic Abstracts
by Subject Area



526

�789<=>�JQ9<=>�X�7[\�

�
�
�
�
�

An experiment on Plastic waste Distillation and Plastic waste oil 

]^_`{Q�<8|}~�����8`Q���<^�~��8~[�\=>���~[�\=>�]^_`{Q�]8���
�

�����Q^9��Q9Q��^Q��J8<{>������^8����Q^�����8[���=>�7�`�=>��8`���
�����	�
��������������������	�
�	�����������	��
���������������������������������	�����
	��

�

��`{~[QABSTRACT  

�����

�����	��!
����	�
�#^�������`�	�������{��|����}~����G��'����&�'��'��������� ������ ��������

G
	��
'�'���^������	�
��
	�����������
'������	��!
����	�
���{��
�����	���������������������~��

�����~�������	�~����	����������}~��������!��	���
��

��	�
��^���^�����~�����|��
����������������~��� 	�����	�~�����������	���
{��	~��{���
��	������|���

��������������
����
����	�~��������
�������
��	������
���~�����{����� 	�	�~{��	����{��
���

��	��!
����	�
����������!�����������|������
�����}~���	�������^	����
����^����

��� 	��{�����������|����{��
�����}~���	��!
����	�
������	�~{�����{�����������~�������

���^�� 	��{

����{ ��
�~���~ ���	�
���������������

� �������
������ ���������� ����
�� ���	����	�
���^������	���

��	��������������~����%�%������~���	�	�����	�
������������������	
�������|�������
����������

����
�}�����������������������
���^��
�!�������|�����������	����	�������^����	���	
����

���������������
���^����	�
���
������{����	��!
�������� 	��{���	���	
������}~�������!��
������

���������!��^��
������}~���
 ����	�!
��	���
��^��������
�!����

P
e

tr
o

le
u

m



527

      ����������������������0535588837�� nadak1ksu@gmail.com 
�
�

����������������� �"��#$���%&����'(��)��*���+,-��./0��)�-12������345���6���4-���7*-��%�&���2��-1�����-12���� ��8���2��)��9.���":&(��
��345����;<=>���&�?8����@�3� ��)����345�����5�A������B$��":)&(��;<=>���&�?8��CD&��>��E-��2F��G�)�-1��#4����+(�����B>�����C����.$�=4���

�7*-���345���;<=>���;-�8�H?> �2�F���345���5�A����&?4����������>�I�AB����H?>�CJG��2��� ��K2�F�K��345����7L�=���M4��
 ����4M�������?A������M���./0�5�A�����3-�&?4�����2CJ������M���NOJ����3-�E-���3-����������#$���P�O� ���B$��+M4J�����</MM����

��>&���������������O7>���I�AB����+-�5 ��C0�����Q1'����#<����&J�R�����M*� ��;<=>���&�?8��E- �����-G���</MM����7>�+M4J��#4������>&�����
��E- �P�S �&,�G� ���345��> �Q�M4J�� �#J ��������2��./0 �T�UV�� �;W���X�?�����-��� �E- �����M�� ��V3�� �����B$����5�A�� �+��8

��#J�6��Y4M����&Y����-��4M�����M*4/��#���2����7Y���E-������������������>&�����</M/��F�8��B$�Z'��E-��-��4M�����M*4���[�BV4�
���\�]^_^����R8&M�����M=����5�A�������"��AV- ���a�G��6��&V���Z'��E-��5�A�������" .�
�������9��&,�G����345���F���J��)��Ab>�Q�B4M���C������c����c7Y4���-�0��4-��J ������?06����Q�b"�d���=-�E0�&=?������ �7*<�����B��@

�� ��X�?/���7��H?"2>�R�M4"�d���=M���NOJ ���&a:���?0��7�6���;<=>��X�?�����/"�#4�������/B4����5�A���E0���>�6��Y4M����5�A���E0
�&�?8�����H?>�7e�?"�#4������M��������M/���7$�R*4�� �R�M4� ������345����>�&,�G����345��c�:����M*���d�&�����./0��M4�� ��)�5�A��

��6��Y4M������5����E0�'��>G�K��U���6��Y4M����5�A��$����./0��M4�"������?A�������M������&M4��>���Y4"��M�� �OU*"���#4����f��&���;e-
��#$�6&$�4M���N��M�� �gM=�� ��E<M���M8�C������Z ��Ch�-������&V����5�A��� ��i�M����8&��E-��7W�4��6��Y4M����5�A�� �����a�G�

���X�?���./0��&a�;5���7��8�H?>�&,�G����345���#$�;-�0�CJ��&?4�"��F��/?��������X�?���#$�6&$�4M�������M/��Z�M�4���;/5� 
���P�O� "��-�B4M���Z �6��Y4M����5�A���#$��7���-2�E-�&�e<���&Me4����

�
���������M*4���j��J���-�B4M���Z ����+�a ��5 ����&,�G����345���#$��J��Me4��$���?40���E��>��-��4M����7"����?-������#J

����J�1�� �Q'��>�k�*���d4M"�F�Ma �&BU���i�7���./0�;M��� �H8�<������M��./0�6�0����#$���5�A���#$�� &Me4���C7��<$��
�E-�F�//B��C7/�W�i�&,b����X�?���#$���/4�����

�
��������;�W��- /��#$�����345���c4�MJ2��J�&J�R��&,�G����345��[� ��Bl��;M0�m&$�E-��������#$�;@�V�����/4���;�/B"

�0�M�� �F��/?��6������M*4���./0�5 ���-��4M������E�&Me4M���E-��������nOW�#$�)�0������345����OJ���J�1��#$���MJ���E�O��
/�W c���&J�R����E�>�d���=M����345����&�G����

�
�������j�7"��j�J��NOJ�����������9.������V"��k��5 ��2�&(����345����G��&,���./0����M*4�����-��4M�����+-�b4�������������o7*M�����#U@�����

#/�/V4����#$��p&0��q����L��K&h*����;�/V" ��)����?������6&4$�#$2001 -2021 ���Q������������>&�����</MM���#$�����$�aq�>9�����B-�.�
g/Y-�Z ��d-�����������>&�����</MM���#$���/4���)���4-��F ��4����Y�/b��#����$�aq�>��9.���Q��b4����rS�M*����#���B�����$&�M��

2�&(����345����G��&,���./0����M*4�������-��4M��;J ��2&(��;M������G��&,���./0���;M������[l'����+��8 ��MJ�M���������l&����E-��NOJ�
��������#J�2�7���+�,��;�/V4��)����?���q�>�$�a�9.��Q��b4����G�n�/��#���B���;�/V4����345���G�&,���&�s4M8�;B4-��./0��
��M*4�������-��4M���&�s4M8���d>�"��E-��Z'����rS�M�������V�����#Ab�������4M����Q��b4��>���B�&L��)��>&M�����&s3�������������./0��g<0�
��B>�)���������B>����C/$�t&A4"�9.��;�/V"�)����?���;<=>�[�5��Q��b4��>�G�n�/��#���B���+��8 �)���������./0��M4�"�;�/V4��

q��#$�K&h*�����L��
�������d5�4M���E-�#$����7��uV?���v�>���ol�4*)��@�4�� �E-���#4�� �uV?���Z'���74Y4*4��Z'��E-�Q��b4�� �)����?���;�/V"

�#���B���rS�M*����$&�M��&(2�G����345���,./0�&����M*4����-��4M����)�\�"�;<="�+��8�#4����/X�G��P/"��7*- �����#J �

- ��-2�w�-��4M�����M*4���./0�&,�G����345���&( 
- w&,�G����345�����MJ2��- 
- ��w&,�G����345���C0��#$�)�-�<V�����7W��-�

�
�dW�&M�����
- E>��#/0��o�Y�&5�E>��&@����������M�2� �0�x�����B����?0����)-.9G(���5�A���i�&,b���)���V" �[�BV"���M*4����

����345����/-�=��.�/Y-����Y�"�&4�������M*4�� �o-G����0��m���-9>�-��-/,.��
�

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



528

- #"�Y�Q������E������)]^yz(�"��345�����&,�����6� � ��#$��[�BV"����M*4������-��4M�����//���<�����,5��|�Ab4�������M*4�� ��
C5��]~y7�-����|�Ab4���#-�B���&3-��m��.yz-y~.��

- �Q�V5����?�J �� t&5&x����&�M����)-.9A(�����345�����&,�G����7W��M���)���V4������X�?����[/� ��m&$��;M0����d���=-��
��345����&,�G��#$��&l�RY��.�/Y-����V?�������345��������M�� �IA��,/6�-��,66.��

�
- �+�<�>�g��&$��)9GG>(�����M���X�?���i�&,b�����5�A���6��Y4M���f��� ��&��s4��.�/Y-�����������<�������k69��/>�

-�,.���
- E>������@���Z��0���#W�Y����MV-���E�-G��� ����L�����M�� ��?0P���)-.9G(���)���%��;��M"���5�A����i�&,b��.��/Y-��

��Y�"�&4�������M*4�� �o-G����0��m���9-.�-��9,..��

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



529

����� ¡¢£�¤�¥¦§�¨�© ª¢£�¨«�¬¢£�®�¢£�¯°�̈ ¦±�²³�¨´£±µ��¨¶·©¸�
�

#��&JR���#/0�Z������������P/M�����-�W�
��!�������edu.sa200986@student.ksu.439 
�-�6�����������P/M�����-�W��;?BM����W�
��{
{�{���  .sa441201597@student.ksu.edu 

 
�

��N��M��>�[/�4���7$��J2���2���>&����Z ����#$��-��4M�����M*4���F2��Y��P�O� �N��M���&$�"���M>�F�����6����6��W�+A?"����M��A�
��*J�EM<"�E<� ��&�2�)�0�A5�)�W&b-�P�O8 ��&�2�;-��0�&��A4>�|?"&���N��M���&$�"�����345��������E- �#V3���j&3�� 

���7�2���>&����Z �����/<=-��I��4M���F�<�����0��M��E-��,�2 ���$�&sY���[L�*M�� �g���,4���������E-�N��M��>���?*���6��*��>��34"
��0��R���)����345��#$�i�M���./0��M4�"��7�2��9�N��M���E-�&�?<����78'74���CD��Z ����NOJ�F2��Y� ��N��M����'74���#$�L�&$q� 

C4��C��E<� �F�</���J&�$�" �#0&�� ����Z ����cW��"��&�2��/<=M���,�2�cY4���*J ��5�A�������"�#$�N��M���E-�&�?8�;<=>�6��U4���
���5�A���#J ��7*-�#���"�#4���)���V4������9 ���>&����

����V"�E<M� ��uV?���#$��J&8S�C4��j���6���0�n�?�G��5�L���3M8�N��M���./0���>&����Z ������M40���>��@�[?���M-��,4��j�� 
<=-��P�S�#":��F2�F ��c5�A���r�4���N��M������3-�E-�6��U4��������<-9���M>��A?"&M����/X����v�>�./0��>�Wq��Z'��E-�uV?����/

���*0���>&����Z ����cW��"�#4���)���V4���1&>2��-��#"��8����������/<=-���V" ��Q�0�;<=>���345�� �F�<���)�W��4���./0�#?/��&(:>
��b4����� �V-����345����M��./0���&V?����5�A���&��A" �Q��b4���+*?"�#4���Z ����#J�-���w���3M���P/"�6i�U8���-��-�w)��*B4���P/"�Q

wt�1���

 �7�j��uV?���9.��;�/V"��-���Y�f���;?����U/4bM��#$�9�4�r���5�A�����&V?���#$���/?�F���#4���A"��2�Mh���L�5������A�VM�)� �7*-���5�A���
����W�M����L �5����M��� RY�����L �5����A�VM�)���&V���������d-�uV>�9����<-�[�?A"��JON���=M��d��#$����</MM�����>&��������������S P���

��b4��>Q���o7*M���#U@����#/�/V4���#$�������� ��CD&��>�E-���F2�5�A������&V?���Y4-6�� �&$�4-6�;<=>�&�?8�����F2 ���M�N��./0��A��
�Gp��;<="��2��('(�I�>���-���&<��6��G����a���9���2c��C��C4��#*?"�����*B4�)���e��V���� �7�'s4������4�����5�A��./0���A�t�� d����

��74�j��uV?��;<=>��2������Z ����>&���� ��-�*�����M�J�M������l&��O7�N�����������J#�R�8&4��>�./0��'s4�Z����3M�������l�M���
����A�VM�)� ����V?�� �-���U86i�J�ON���3M�����*0���7�'s4���g�B���uV?����Y"n���06� �Z ��-���Y�f�P/"���Y4��n��#$��0�-6��

P/"�����*B4�)���-�b4M���4�qr�J�ON���5�A���M�#$���345�����Gt�1�;e-��������E-���/?�F���#4��;M�"�./0�9�7W�4�� &��A"J��;e-��8����
 ��&$�� &4������� &�D�J��E-����Z  ���7"j���������2�,��9.����xq6��9.���2�&>1������V4�)�� �����n��#4���[��"�����@��Z�9.����b4�Q���

P/"�����*B4�)���S9 +��8����Y-����345��� ����#$����Z ����>&���� ��-�*���2� 2�7���34"���,*��>n���345�K���

�

�

�����dW�&M�

1� Masterson, V. (2022). Wave energy: can ocean power solve the global energy crisis?. 
-energy-ehttps://www.weforum.org/agenda/2022/03/wavRetrieved 8 September 2022, from 

renewables-electricity-ceano�>� 

�

2� Jaganmohan, M. (2022). Global marine energy capacity by country 2021 | Statista. Retrieved 
-capacity-energy-https://www.statista.com/statistics/1031127/marine8 September 2022, from 

loballyg�>�� 

�

3� Vyas, K. (2019). The Future of Ocean Energy Conversion. Retrieved 8 September 2022, from 
conversion-energy-ocean-of-future-https://interestingengineering.com/innovation/the��� 

�

4� ���2��#5�x�����w��M�������5�A����-12�;V"�;J���r��-G���5�L���$�L�������"���5�A����I'�>
>������
shorturl.at/lqz59���

E
n

e
rg

y
 a

n
d

 t
h

e
 E

co
n

o
m

y



530

E
n

e
rg

y
 In

v
e

st
m

e
n

t 
a

n
d

 F
in

a
n

ce

��
�

±�¹º¥´»£��¼£�¥½¹¢£��¾ ·��¿À�±®µ��Á�µ�ÂÃ¢£�¨�µ�¶½¢£�¯°�ÄÅµ��Æ�¿¹¡®�Ç�±�È³�¨«�¬¢£��
�̈ É¶ÊÂ¢£�Ë¶·��Ì©°�Í�ÎÂ¢£��Ï ·£¿Ð®�

�
Ñ¿Ò´��³�À�Ó¹¢£���������������������������������������������������¹ ³��Ô�Õ¹¢£�Ë¶ÂÖ����������������

ºÀ�·¨�×£±¿¥Ðµ�¨¸³�Ø��¹À�Ë·�¨É¶ÒÙ��������������������������������¾À�·��¯°�¼¿Ò¸¢£�¨¶´�¶½¢£�¨¸³�Ø��
¨Ò«±®�©Ú£ÛÎ¢£����������������

������������������Alsalwa2007@hotmail.com�������������������������������������������	�
�����
�����
�����������������������������������������������������������������������������
����������������������������������������� 

ÜÝÒ¹¢£ :     

+a&$  d�a��-  �X�?��  ��7U�  F�J&8  #Y�"�&4��  ./0  Z �  �C�����  ;�U>  CY�  )����74��  6&>����  �)�0�AB/� 

#4��  ��7�?44"  �#4��   �gM"  ;8  Z ���  '>  �i�*e4��  �OJ   ;�U>  o"���  �'74���  &l�Y��  �����M/�  ��-  �g<��� 

��?/�  #$  &�s4��  #X�?��  �X�$���   �����*M��  6 '0  ./0  j&A4��  �#��*M��  )�W�-   &V��  &�@�0G�   ��j�UY��  

#4��  �)&(2  ./0 �;�@�VM�� ./0  )���4- � R4��  N��M��> �> &=�� �V��3�� �'74�'� #-��� . 

�&?4�  I�A5  �5�A��  E-  1&>2  )��YM��  ����Me4���  ��(�/M��  #4��   CJ�"  #$  )�(��?���  �����>&<��  �   �.Ub� 

��,�2  c�2  I�A5  ��-  ��>&-   �@��  �#$  ;T  )�&UA��  ��AU*��  ������4M��  #4��   +�$�  Z ���  ����&��  �i�=�q 

�[���*@  �@��  6���q  NOJ  �6 &e��  ��Me4���   ��7�$  E-  ;W2  ��T�"  ��7���  �V/�  E-  )�-�@  )�?/B4��  �#$ 

����2 ��5�A�� . 

i�*>  �c�/0  .�"  �5����  �|>&/�  E�>  ��Me4���  Z �M��  #$  )�5�A��  6��Y4M��  �/��?��   #4��  #0�&"  ���>2  

��M*4��  ��-��4M��  .�"   �V/�  E-  Z�V4��  #��*M��  ��J�4��   ��#X�?��  P�O8   � �  �[���*@ 6 &e��  �J��?40�>  

��3-  ;��M"  �:>Z�@  ��Mba  E<M"  E-  ��Me4���  #$  Z�Y-  #/?B4-  .u��  P/M"  NOJ  �[���*3��  )���B-  

����-  ��4"  �7�  ;��M"  d���=-  uV?��  1�Y���   �Z�V4/�  K�5�A��  &��A"   �Z�Y-  )�5�A��  ��U�h*��  �OJ   �Z�YM8  

K��Me4��  �>&-  �'?B4-  ��4�  NO7�  �[���*3��  F2  F�<"  �5�?��  ��7�$  I�AB8  k��  #Y�"�&4��   �>&-   ./0 

��M�� ����?��  ��,�2  N��?40�> ���Me4�� � �- #0�&� t�B� Z��WG� �-��B�� #$  d4M4�� ����M��> �X�?��  . 

)�M/<��  ����44$��  :�Me4����  Q��4M��  �[���*@  6 &e��  ��������  �5�A��  ��U�h*��  &��s"  ���*M��  ��J�4��  #X�?�� 



531

   

 

������ 
������� ¡�¢£�¤�¥¢¦�§¨©¢�ª«�§¨¬¥�®¯�°�¢�¯��±�²³��§´¢µ³��¶·¸�°¹¨¸�º�¢�¢�»�¼½¸�¾�¿³¢·³��°À�Á¢�ªÂ��Ã�¢¾Äº�§¨©¢�ªÂ��§¨¬·³��� µ¸�Å»

Ã�¶¹�³��º»�¢ÆÇ¡�§¾¶¨¬È�³��É� ��§´¢µ¬³�Ê�� ³��±ËÆ��Ì��Í¬¥���Î¶³¢¡�¼³�Ï¢¦�¶ÈÀ�§¾ ´¢µ³����¢Ð³��Ê¾ Ç¸�Ñº¶³��Í¬¥�¢Æ¾¶³�º�Ã�¶¹�³��Ï¢´¢µ³¢¦�Ò¢�£Ì�
�³��°ÓÔ�ÊÔ ¸�Å»�Õ¹¾�½³��Ï¢¾ ³º¯��°�³��Î�¤³��Õ©ºÖ��¨¢Æ¨¬¥�¼��×¤È�Ø³��°À�ºÙ³Ú�§¹¨�ª��Ã�ÛÖº�§¾� ÜÝ¯��§´¢µ³����¢Ð³���Ø³��Ê©���³�

³�� ¢£�¢Þ»§ß¨¤³��Í¬¥�§¨¤¬Ø���§à£¢¤³��§¾¶¨¬È�³��Ï¢´¢µ³��Ó¥�×¾¶¤Ö�áÜÇâ�Ã�¶¹�³��Ï¢´¢µ³��Å»�ã¨Ý½�³�§Ü¬�Ã�¢Þ¯��Ó¥�Ù¨£¢ª�ä¢Ü²ªÌ�� ²ª�§Æ¹�³�º��
¢Ç³��Ã�¨¤½³��§¨¤¬Ø³�å¢½·ª�º�ÑËæ��Ì��§¦ ·â�Ó¥�§©�ä�¯��§È¤ç�Í¬¥�Ù³Ú��

è� ª»�Ï�¶·¸�¶�·¸�°�³�� Ã�¶¹�³��Ï¢´¢µ³��³��Í¬¥� ¢�¢�»é¢¨³�º�ê¢¾�³�º�ëì³¢Ö� §·¨¤µ³��Ó¡� Ã¶³ �³����¢Ð��¶¾¶¥º�í ¨·³�º� ¢¾�¼³�� ¶¾¶¥� ¢Æ³�Å¢Öº
�Ï¢¥¢µ´�Ã¶¥º�Å��·³�º�Ó½Ø³�º�Ã�¢¹�³�º�×ÈÇ³�º�°¥¢ÇÐ³��è¢µÈ³��°À�¢£¶¹ª�ã¨Ý�Ñº¶³��°À�ç¢ìÇ³��Ï¢¥¢µ´�Ó¨¦�¢ÆÖËÆ����Ïº¢Ü¸º��îï¢Ðð³�Î�ñ». 

ÅòÀ��¾�¢È�³��ÕØÝ ¿³¢·³��Ù¬Æ���� ¶´� Ò ¨³��� ¢¡í�¢È¾�Ç³�?� §¾¶¨¬È�³�� §´¢µ³��Ó¡� ó¸¢¨ç¢¨�Ý��ôÐª�õÜ>����®�¹²³�� ¿²Ü³��°·¨¤µ³��Ä¢æ³��Ó¡� ¿ö�³��Í¬¥º� �
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�ü¸�°�³��Ï¢¥¢µÈ³�º�¶�·¢Æ¨À�Ã�¶¹�³��Ï¢´¢µ³���¢£�¨ö�Ó¡��ÛÖ»�
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OUR MEMBERS

PUBLICATIONS SOME MEMBERSHIP BENEFITS

WWW.IAEE.ORG

���

���0

MEMBERS

�,��0
COUNTRIES1,�00

Europa

North America

��
Far East, Oceania 

and Elsewhere

Reduced fee for submi�ing 

articles to IAEE journals

1
3

4
Access to member 

reserved webpage

giving access 

to conference 

proceedings, past issues 

of IAEE journals etc.

Organizations can

also become members

1977

Energy Jounal

created

1979

We aim to provide an interdisciplinary forum for the exchange of ideas about the energy industry.

The Energy Journal

Online Conference 

Proceedings

(Since 1979)

Economics of

Energy & 

Environmental Policy

(Since 2012)  2
Reduced fee for 

IAEE conferences

IAEE HISTORY

volumes volumes

The Energy Forum

(Since 1996) 

1
volumes volumes

      
(Since 1980) 

Now
EEEP

created

Group of energy economists 

approached the American 

Economic Association 

December 1977 in New York 

City.

The first annual meeting 

in June 1979 in 

Washington D.C.

1980

International conference 

at Churchill College, 

in Cambridge, in the summer 

of 1980, established its 

international credentials.

S

IAEE Conferences are now firmly 

established. They are organized 

annually around the world by IAEE 

affiliates in 30 countries with up to 

00 participants. 

Researchers & 

Consultants
16%

Coal, Oil, Gas

Companies
7%

Academic20%

International 

Organisations & 

Other Corporations

6%

Utilities5%

Government6%

Trade Associations 

& Journalists2%

Financial 

Institutions
2%

Students20%

Other16%
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Internal 
Knowledge

Sharing Events

More information is available at www.kapsarc.org

King Abdullah Petroleum Studies and Research Center (KAPSARC) is an 
advisory think tank within global energy economics and sustainability.�Based in 
Riyadh, we are a community of thinkers combining human ingenuity,expertise, 
and research to solve pressing global energy challenges. 

��������	
���������������������������������������������������������
��
	�����	����insights and data using a multidisciplinary approach to drive long-term value
and�deliver tangible results at scale across:

Oil & Gas

Energy Macro 
& 

Micro-Economics 

Utilities 
& 

Renewables 

Transportation
 &

 Infrastructure 

Climate
&

Sustainability 

Solutions 
Productization 

726+
Research 

�������	�
��

150+
Workshops

151+ 270+
Experts
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The SAEE is a non-profit civil society organization whose purpose is to 
promote energy economics in Saudi Arabia through events and dialogue 

with stakeholdersin the industry. Through supporting and producing related 
research, the Association advances societal understanding of energy 
economics while enhancing professional skills in the energy industry.

THE SAEE AIMS TO :

Identify energy 
industry challenges 

and advocate solutions

Advance professional 
and technical 

capabilities in energy 
economics

Support and publish 
research on energy 

economics and related 
fields to facilitate and 

disseminate knowledge

Conduct lectures, 
seminars, workshops, 
and training sessions 
on energy economics

Encourage and expand 
debate among 
stakeholders

Host officials and 
subject matter experts 
from Saudi Arabia and 

abroad

1
3

2 4

5

6

SEVEN
events hosted on energy 
economics for the local 

ecosystem

120+
members
to date

CO-HOST LEAD
of the 44th International 
Association for Energy 

Economics 

proponent of the 
Annual MENA Energy 

Economics Symposium
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