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KAPSARC Energy Data Portal

This easy-to-use data portal is a source
of critical energy data, enabling users
to better understand energy, economy
and policies. We focus on identifying key
energy information sources from Saudi
Arabia, the GCC, India, China...
Read more

KAPSARC Energy Model for Saudi
Arabia (KEM-SA)

KAPSARC Global Energy
Macroeconometric Model (KGEM2)

KEM-SA has been developed to understand
the dynamics of Saudi Arabia’s energy
system. It is a partial economic equilibrium
model that characterizes some of the major
energy producing and consuming...
Read more

KGEM2 is a domestic policy analysis tool
that captures the interactions between
the Kingdom of Saudi Arabia and global
economies. Unlike commonly available
models, KGEM2 takes into...
Read more

Impact of Domestic Fuel Price
Reforms on the Use of Public
Transport in Saudi Arabia

Gasoline Demand, Pricing Policy and
Social Welfare in Saudi Arabia

Policymakers in Saudi Arabia recently
imposed energy price reforms, which
increased low- and high-grade gasoline,
diesel and jet fuel prices by 67, 50, 79 and
12 percent, respectively. These fuel prices
are expected to increase further in the
near future, reducing the energy...
Read more

The Kingdom of Saudi Arabia (KSA) has
experienced rapid economic and population
growth over the past several decades. Oil
revenues, one of the drivers of this growth,
have also allowed the government to provide
electricity, fuel and water at low administered
prices. Not surprisingly, energy consumption
has grown almost tenfold over this period...
Read more

Drivers of Transportation Fuel
Demand: Fuel-Efficient Mobility
From the Consumer’s Perspective

Drivers of Transportation Fuel
Demand: Shared Automated
Mobility-On-Demand

Reforming Industrial Fuel and
Residential Electricity Prices in
Saudi Arabia

Smart Mobility, the term we use to describe
the integration of matured technologies that
permit driverless vehicles to provide
on-demand ride-sharing services, has the
promise of providing safer, cheaper and
more convenient travel while increasing the
efficiency of energy and road...
Read more
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The government of the Kingdom of Saudi
Arabia (KSA) increased domestic energy
prices in 2016 to compensate for the lost
revenue from international oil prices tumbling
in recent years; an added benefit of raising
these prices is the induced demand response.
Matar et al (2016; 2017) have identified the...
Read more

Transportation accounts for nearly 14
percent of global greenhouse gas (GHG)
emissions, around 40 percent of which
come from light-duty vehicles (LDVs), i.e.,
passenger cars and trucks. To reduce GHG
emissions from the LDV sector, policymakers
have employed various supply side...
Read more

Growth, Investment and the LowCarbon Transition: A View From
Saudi Arabia

A common priority across G20 countries
is the need to reinvigorate economies
through an economic transformation that
delivers a higher level of better quality
growth. In Saudi Arabia, recognizing the
risks posed by an economy over-reliant on
oil exports and with rapidly growing...
Read more
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Transitioning to Liberalized Energy
Markets

In the late 1980s, it became accepted
economic orthodoxy that liberalized energy
markets would deliver lower costs and
increase service quality. After three decades
of experience, the resulting reforms have
delivered mixed outcomes. Several countries
have successfully transitioned...
Read more

Future of the Electricity System in
GCC Countries
Global electricity markets are facing
formational changes driven by
transformations to both the demand and
supply side of the industry. On the
supply side, energy stakeholders expect
a substantial increase in renewable
generation due to falling costs of...
Read more

Energy Productivity: Evaluating
Large-Scale Building Energy
Efficiency Programs in Oman

This paper outlines the benefits of largescale energy efficiency programs for new
and existing buildings in Oman, which has
seen electricity consumption grow rapidly
due to a population boom and poor
regulations for building power usage...
Read more

Economic and Environmental
Benefits of Improving UAE Building
Stock Energy Efficiency

An Evaluation of High Energy
Performance Residential Buildings
in Bahrain

Sheltering the Economies of OilExporting Countries from Energy
Shocks

Toward the Integration of
Policymaking Models and
Economic Models

Curbing Carbon Emissions: Is
a Carbon Tax the Most Efficient
Levy?

Estimating the Learning Curve of
Solar PV Balance-of-Systems for
Over 20 Countries

Support for a Carbon Tax in China: A
Collective Decision-Making Process
Simulation Using the KAPSARC
Toolkit for Behavioral Analysis

Joint Oil Stockpiling between
Middle East Exporters and
Northeast Asian Importers: A
Winning Formula?

The Effect of Preferential Trade
Agreements on Energy Trade from
Chinese and Exporters’ Perspectives

Efforts by the Chinese government to reduce
carbon dioxide (CO2) emissions are of great
importance to both the population of the
People’s Republic of China and the rest of
the world. As China is the largest emitter of
CO2 globally, both the precedent ...
Read more

Joint oil stockpiling is the term used to
refer to an agreement under which crude
oil, owned and commercially traded by an
exporting country, is stored in an importing
country in exchange for first drawing rights
by the host country in times of...
Read more

Despite slowing growth during the past
decade, China remains a major importer
of fuels and energy products and exerts a
significant influence on global markets. Since
its accession to the Word Trade Organization
(WTO) in 2001, Chinese foreign trade –
including energy trade – has multilateral...
Read more

A Conceptual Framework for
Measuring Local Firm Capabilities
in New Producing Countries

A Measurement Device for
Estimating Local Firm Capabilities
in New Oil Producing Countries

Measuring the Capabilities of
Firms to Deliver Local Content in
Resource Rich Countries

The United Arab Emirates (UAE) is a
federated country established in 1972. It
consists of seven emirates: Abu Dhabi,
Ajman, Al-Fujayrah, Dubai, Sharjah,
Ummal Qaywayn and Ras Al Khaymah.
The country’s electricity sector underwent
significant development during the 1990s...
Read more

The traditional economic approach to policy
analysis is to utilize tools and methods
developed within the field of economics
and study the economic impact of one or
more policies solely from an economic
perspective. As a consequence, the
“policies” are usually formulated...
Read more

Foreign direct investments (FDIs) offer an
opportunity to enhance industrial linkages
and expand economic growth of developing
countries. Countries rich in oil and gas
resources benefit from investments by
multinational extractive industries...
Read more
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Bahrain is an island nation in the Middle
East with a population of about 1.2 million.
It is 780 square kilometers in size, making it
the smallest member of the Gulf Cooperation
Council. To conserve energy, it adopted
an energy efficiency code for commercial
buildings in 1999. This has...
Read more

There is wide international consensus on
the need to limit global warming to no
more than 2oC. A proof of this consensus
is the agreement by 195 countries to adopt
the new global climate change framework
proposed in December 2015 as the Paris
Agreement. This 2oC goal might...
Read more

In this paper we present an overview
of KAPSARC’s local content project, its
methodological approach and objective.
We describe a measurement device
(questionnaire) used to quantify different...
Read more

The impact of sharp oil price fluctuations on
economies has been an issue of concern
for policymakers since the 1970s. In the last
40 years, governments of oil-exporting and
-importing countries have been implementing
policies to shelter their economies from
adverse oil price shocks, with the policy...
Read more

Economic diversification has been a priority for
economic planners in GCC states for several
decades. Despite noteworthy developments
in per capita income and economic growth,
such achievements have hinged on the
region’s huge endowment in oil...
Read more

The term ‘Local Content Policy’ is a
catch-all for ensuring that resource owners
capture more value from developments
than the fiscal revenues alone. KAPSARC
has explained the benefits of a dynamic
perspective when evaluating firms’...
Read more
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Energy Workshop Series
September 2017

November 2017

Hong Kong, September 11, 2017

Collective Decision Making
Processes

Climate Policy: After the Paris
Agreement, Where Next?

Fostering Energy Transitions

Future of Freight Mobility

Nara, Japan, September 14-15, 2017
Developing New Gas Markets
Paris, September 21, 2017

Riyadh, November 1-2, 2017

Co-hosted with the World Economic Forum

Riyadh, November 6, 2017

December 2017

Achieving Growth in Saudi Arabia
and China Through Joint Leadership
on Industrial Energy Efficiency and
Economic Diversification
Co-hosted with the Energy Research Institute
of NDRC

Beijing, December 7, 2017

Energy Transitions in Resource
Rich Countries: A Scientific
Research Perspective
Co-hosted with SKOLKOVO

Moscow, December 7, 2017
Future of Personal Mobility
Riyadh, December 13, 2017
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Since our last update, we have produced a Special Issue of the Energy Journal and successfully
launched a new journal Energy Transitions in partnership with the King Abdulaziz City for Science
and Technology (KACST). We continue to release papers through both our website (www.kapsarc.org)
and peer reviewed scientific journals – this update includes summaries of 20 papers consisting of five
Workshop Briefs and 15 Discussion/Methodology Papers as well as links to 11 journal articles, which are
available under open source licenses.
We begin this issue with a focus on our Energy Data Portal, one of the elements of OpenKAPSARC –
our vehicle for sharing access to all the data that we utilize in our analysis and as documentation for any
models that we have developed. This allows other institutions to use these same tools and data to further
their research activities. Recently, third party usage exceeded 500,000 individual actions from 10,000
third-party organizations.

KAPSARC energy data portal
KAPSARC’s energy information management initiative is one of our core activities. The provision of
transparent, accessible information underpins our research and provides visibility to our stakeholders as
to the basis of our conclusions. This means sharing any data we use in our analysis and the code of any
models that we build during the research process. Of course, we cannot share the code of proprietary
systems but we will endeavor to provide links to any third-party software that we use.
To date, this open resource platform provides access to more than 850 datasets containing 20 million
records to fuel our energy research and support the needs of analysts seeking energy and economy data
within Saudi Arabia and beyond. In addition, we host a download hub for the model code that we develop
and Web App versions of some of our software to allow stakeholders to experiment with those models
online.
With an initial focus on Saudi Arabic and its neighboring GCC countries as well as India and China, we
are developing tailored datasets that researchers, regulators and policymakers can draw upon to help
them interpret and shape energy markets.
Researchers often lack free access to reliable data that is critical for energy research success.
Furthermore, they often wish to share their outputs and insights easily with their peers. Utilizing advanced
data management technologies and data governance best practices, KAPSARC has collected and
transformed data from disparate sources into easy to use, high quality, machine readable data.
The energy datasets along with other software, tools and models are part of OpenKAPSARC, a platform
designed to enable users to better manage energy and economy data and overcome some of the barriers
that hinder the advancement of their research.

KAPSARC Quarterly Issue 5
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Data portal features and highlights

Since the portal was launched in 2016, our datasets have expanded to 16 themes:
Crude oil and refined products

Economy

Residential

Coal

Trade

Environment

Nuclear energy

Renewable and alternative fuels

Demography

Industry

Natural gas

Policies

Water

Electricity

Agriculture

Transportation and mobility

Our goal is to build OpenKAPSARC to extend data access to 20,000 organizations globally by 2020.
Our region has seen new data portal developments in recent years, such as the JODI data portals (for oil
and gas), and the Saudi open data portal initiative – with which we are collaborating on 9 of our 16 data
themes. Yet, KAPSARC’s open energy data portal is unique in the region in making available all critical
energy data themes in API-format for use in mobile and web applications. The data can also be exported
in CSV, JSON and Excel formats, enabling multiple platforms to consume the data within minutes.

KAPSARC Quarterly Issue 5
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OpenKAPSARC user institutions
Government
4%
Media
5%

Commercial
12%

Financial
5%
Research
6%

Energy Industry
8%

Academia
60%

Sharing and sourcing data
Government

Media

Financial

Research

Energy Industry

Academia

Commercial

Our criteria to add data into the portal include:
Data is relevant to energy economics research
Regional data: GCC, China and India
Transparent data source
Attributable to original source
Open data candidate
Have you considered sharing datasets that you own and use in the spirit of advancing research?
In addition, if you can’t find the data you are looking for, we will endeavor to source, transform and publish it
for everyone to access.
We invite you to join our movement to advance energy research nationally and globally!
For more information on KAPSARC’s open data portal or if you are interested in sharing your data with
selected organizations or researchers, please email datasource@kapsarc.org
https://datasource.kapsarc.org
https://www.kapsarc.org/openkapsarc
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Research Papers
The future of personal mobility
Three papers address factors that will influence energy demand from personal mobility, both in the
Kingdom and globally. The first, Impact of Domestic Fuel Price Reforms on the Use of Public Transport
in Saudi Arabia, builds on the earlier paper Gasoline Demand, Pricing Policy and Social Welfare in Saudi
Arabia and links econometric analyses of demand behaviors to an energy system model that demonstrates
how self-optimizing behaviors by passengers will influence fuel demand. The impact of both recently
announced fuel price rises and the opening of mass transit systems in major cities is studied and we
present estimates of the resulting potential net savings to the economy.
Two workshops from our initiative on the future of personal mobility focused on consumer attitudes toward
fuel efficient vehicles and the impacts on energy demand of Smart Mobility (the term we use for shared,
automated mobility-on-demand). Fuel-Efficient Mobility from the Consumer’s Perspective identifies the
value that consumers place on different attributes of the vehicles they consider buying. Current incentives
are expensive but still insufficient to attain the rapid pace of adoption that policymakers were hoping for.
Perhaps redirecting a significant portion of the money spent on deployment incentives would achieve higher
social returns if invested in technology development? However, deep decarbonization of personal mobility
seems to hinge on a change of paradigm. Shared Automated Mobility-On-Demand provides a framework
to consider the uncertainties about ride-sharing and shared vehicle ownership. Will this shift result in more
efficient allocation of road and vehicle capacity or will the reduced cost of mobility lead to greater demand,
increasing congestion and bringing cities to a standstill?

Energy market reforms in Saudi Arabia and the GCC
Whether driven by the imperative of adapting to lower fiscal revenues or a recognition of the long-term
unsustainability of low energy prices, the Kingdom and its GCC neighbors have embarked on ambitious
plans to bring their energy prices on par with global levels as soon as its practical. Reforming Industrial
Fuel and Residential Electricity Prices in KSA builds on previous KAPSARC analysis of the industrial sector
and adds to how end consumer price reform, including “time of use” pricing, could contribute to increased
social welfare. Energy efficiency is the main driver of value and Growth, Investment and the Low-Carbon
Transition: A View from Saudi Arabia puts energy productivity as a key driver in transforming the Saudi
economy. The paper outlines the linkage between energy market reform and the successful realization of
Saudi Vision 2030.
Transitioning to Liberalized Energy Markets shares the insights from a workshop exploring whether the
GCC has the institutional capacity to manage deregulation and provides options for the appropriate
commercial model for the resulting markets. Future of the Electricity System in GCC Countries reflects
the recommendations from our workshop on the lessons that GCC economies can take from the growing
experience of integrating less flexible supply assets and meeting demand for energy services rather than
just electricity.
The sum of these trends in regional energy markets will result in more cost reflective prices. The expected
response of electricity customers, for whom the economic benefits will now be clearer, is to invest in more
KAPSARC Quarterly Issue 5

7

August 2017

01 // Research Highlights

efficient systems. For owners of buildings, the two largest impacts are upgrades to their air conditioning
systems and thermal insulation. Three papers analyze the opportunities for Oman, UAE and Bahrain,
applying the methodologies outlined in an earlier paper focused on Saudi Arabia (KS-1655-DP049A).

Energy and economic vulnerability
Building on previous work, KAPSARC conducted a workshop on strategies for addressing the economic
vulnerabilities arising from the energy economy of a country. Sheltering the Economies of Oil-Exporting
Countries from Energy Shocks views this through several lenses including stabilization funds, economic
diversification and reducing volatility in electricity supply costs through investment in renewables.

Models of collective decision making processes
During the past few years, KAPSARC has been developing open access models for evaluating collective
decision making processes. The KTAB model is available through OpenKAPSARC and is now increasingly
used by KAPSARC and other research centers to analyze complex, multi-stakeholder decisions. Toward
the Integration of Policymaking Models and Economic Models sets out our vision of integrating two
disciplines that are often viewed in isolation. Economists typically treat policy as an exogenous input to
their models and policy researchers similarly treat the economics as exogenously derived scenarios in their
analyses. There seems to be value in recognizing that policies impact economics and vice versa, leading to
potentially unexpected opportunities for policy innovation.

Climate change and renewables support policies
In the wake of the Paris Agreement, we are focusing on insights that can serve both global and national
level interests. At a global level, Curbing Carbon Emissions: Is A Carbon Tax the Most Efficient Levy?
Using Spain as a case study, our analysis suggests that taxes on coal, as one might expect, should be
higher than on oil and gas. However, perhaps counterintuitively, carbon taxes on oil should be lower than on
natural gas because of the former’s higher economic productivity.
Our study of global cost trends for solar photovoltaic (PV) systems also challenges conventional wisdom.
Estimating the Learning Curve of Solar PV Balance-of Systems for Over 20 Countries shows that while the
costs of panels have been falling at expected rates of about 20 percent for each doubling of capacity, the
quantity of installed infrastructure suggests that this is contributing to a slowing of the annual rate of cost
decline. Furthermore, the proportion of the cost of a PV installation that is accounted for by the panel has
declined to less than half of the total. The learning rate on this balance-of-systems (BOS) is roughly half of
the learning rate on the panels, and this is contributing to a slowdown in the annual rate of cost declines for
this important source of renewable power.
Economics and technology trends aside, political support for policies to combat climate change is an
essential condition for progress. Using China as a case study, Support for a Carbon Tax in China: A
Collective Decision Making Process Simulation Using the KAPSARC Toolkit for Behavioral Analysis
methodically characterizes the drivers of political consensus and provides some quantification of the
difficulties in achieving any consensus for a carbon tax in China.
KAPSARC Quarterly Issue 5
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Economic relationships between GCC countries and North East Asia
The importance of trade relationships between Saudi Arabia and China, indeed between the GCC
members and the economies of North East Asia in general, is set to grow in importance. Joint Oil
Stockpiling Between Middle East Exporters and Northeast Asian Importers: A Winning Formula? questions
whether establishing joint commercial and strategic stockpiles (shared between exporters/importers) might
provide a more cost-effective route to achieving security of demand than downstream integration into
refining and marketing assets in China and its neighbors. Another perspective on the question of demand
security is provided by The Effect of Preferential Trade Agreements on Energy Trade from Chinese and
Exporters’ Perspectives. This study quantifies the impact of such agreements on the shares in exports and
imports of the parties, and identifies strategies for Middle East exporters to gain deeper access to Chinese
markets without necessarily having to compete on price to the same extent as those that do not have
preferential trade agreements.

Leveraging energy investments to develop ‘local content’
It is logical for developing economies that rely on resource rents to seek to extract more value from their
resources by incentivizing or mandating the use of domestic suppliers, thereby boosting local employment.
We have sought to develop a quantitative framework for planning such policies (using the new oil and gas
discoveries in East Africa as a case study). As this project comes to an end, we will be sharing the overall
framework, running through the lifecycle of such studies: (1) quantifying the size of the prize, (2) forecasting
demand for equipment and services, (3) establishing the current and future supply of labor and industrial
capacity and (4) policies for developing capacity to fill the gap.
In this Quarterly Research Update, we focus on the third of these steps. A Conceptual Framework for
Measuring Local Firm Capabilities in New Producing Countries outlines the need to incorporate the ability
to innovate and adapt when measuring capacity. This overcomes the risks of taking a static view based
on a snapshot of skills and industrial capability at a given point in time. This framework is then applied in
Uganda. A Measurement Device for Estimating Local Firm Capabilities in New Oil Producing Countries
provides the questionnaire used and Measuring the Capabilities of Firms to Deliver Local Content in
Resource Rich Countries provides a qualitative assessment of the survey results.

Open Access Journal Articles
Atalla, Tarek, Jorge Blazquez, Lester C. Hunt, and Baltasar Manzano. 2017. “Prices Versus Policy: An
Analysis of the Drivers of the Primary Fossil Fuel Mix”. Energy Policy 106: 536-546.
Matar, Walid, Frederic Murphy, Axel Pierru, Bertrand Rioux, and David Wogan. 2017. “Efficient Industrial
Energy Use: The First Step In Transitioning Saudi Arabia’s Energy Mix”. Energy Policy 105: 80-92.
Matar, Walid, and Amro Elshurafa. “Striking a Balance Between Profit and Carbon Dioxide Emissions in
the Saudi Cement Industry”. SSRN Electronic Journal.
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Hasanov, Fakhri, Cihan Bulut, and Elchin Suleymanov. 2017. “Review Of Energy-Growth Nexus: A Panel
Analysis for Ten Eurasian Oil Exporting Countries”. Renewable and Sustainable Energy Reviews73:
369-386.

Blazquez, Jorge, Lester C Hunt, and Baltasar Manzano. 2017. “Oil Subsidies and Renewable Energy in
Saudi Arabia: A General Equilibrium Approach”. The 10Energy Journal 38 (0111).

Rioux, Bertrand, Philipp Galkin, Frederic Murphy, and Axel Pierru. 2017. “How Do Price Caps in China’s
Electricity Sector Impact the Economics of Coal, Power and Wind? Potential Gains From Reforms”. The
Energy Journal 38 (01).

Atalla, Tarek, Simona Bigerna, Carlo Andrea Bollino, and Rolando Fuentes. 2017. “Analyzing the Effects
of Renewable Energy and Climate Conditions on Consumer Welfare”. The Energy Journal 38 (01).

Corbeau, Anne-Sophie. 2017. “LNG Markets in Transition”. Global Commodities Applied Research
Digest.

Hasanov, Fakhri, Jeyhun Mikayilov, Cihan Bulut, Elchin Suleymanov, and Fuzuli Aliyev. 2017. “The Role
of Oil Prices In Exchange Rate Movements: The CIS Oil Exporters”. Economies 5 (2): 13.

Foster, Edward, Marcello Contestabile, Jorge Blazquez, Baltasar Manzano, Mark Workman, and Nilay
Shah. 2017. “The Unstudied Barriers to Widespread Renewable Energy Deployment: Fossil Fuel Price
Responses”. Energy Policy 103: 258-264.

Bean, Patrick, Jorge Blazquez, and Nora Nezamuddin. 2017. “Assessing the Cost of Renewable Energy
Policy Options – A Spanish Wind Case Study”. Renewable Energy 103: 180-186.
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KACST-KAPSARC New Journal
The ﬁrst edition of Energy Transitions is now available.
Submissions are still welcome as articles will be published
on rolling basis.
This journal brings together multidisciplinary, international research
that evaluates the policy, economic and technical challenges and
opportunities arising from initiatives to move toward more sustainable
and less-carbon intensive power generation mixes, focusing on the
MENA region. See more detail about the journal here.

Why publish your next article with us?

Open access
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Global visibility for
your research

High quality peerreview service

No article processing
charges for authors

Research Topics

Editors-in-Chief
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Topic 5: Planning, Social,
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(SEEC), KSA
Ahmed Basfar
King Abdullah City for Atomic and
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Carlo Andrea Bollino
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Oxford Institute for Energy Studies, UK
Aldo Flores-Quiroga
Secretariat of Energy, Mexico
Masdar Institute, UAE
Daniel Kammen
University of California, Berkeley, USA
Marwan K. Khraisheh
Qatar Environment and Energy
Research Institute (QEERI), Qatar
Pedro Linares
Universidad Pontificia Comillas, Spain

Topic 6: Enabling Technologies,
Case Studies/Models, Implementation Methods/Challenges

We invite you to submit your next research article and benefit

Omar Al-Ubaydli
Bahrain Center for Strategic, International
& Energy Studies, Bahrain

Click here to submit

http://www.springer.com/journal/41825

KAPSARC Quarterly Issue 5

11

01 // Research Highlights

Impact of Domestic Fuel Price Reforms
on the use of Public Transport in Saudi
Arabia: Model-Based Insights
Ibrahim M. Algunaibet

P

olicymakers in Saudi Arabia recently imposed energy
price reforms, which increased low- and high-grade
gasoline, diesel and jet fuel prices by 67, 50, 79 and
12 percent, respectively. These fuel prices are expected
to increase further in the near future, reducing the energy
subsidies in the transport sector. The global prices of these
fuels are greatly influenced by crude prices. In 2013, the
average crude price was much higher than it is currently.
Hence, the gap between the administered and market gasoline
prices was around 346 percent, while today this difference is a
mere 15 percent as a result of low crude prices (Figure 1).
Therefore, current low crude prices offer policymakers in Saudi
Arabia the opportunity to deregulate transport fuel prices without
significantly increasing them – i.e. an increase in gasoline
price of $0.03 per liter. Ultimately, fuel prices would increase as
crude prices rise; however, in the long-run consumers’ income
(Oxford Economics 2016) would also increase as would the
diversification of the Saudi Arabian public transport system,
which in turn would help citizens adapt to higher market prices.
In 2013, Saudi Arabian households allocated 4.3 percent of
their income to transportation needs, excluding the capital
cost of vehicles. This has increased due to the 2016 energy
price reforms, but households in Saudi Arabia continue
to allocate one of the lowest shares of monthly income to
transportation in comparison to other GCC countries and within
historical income shares devoted to transportation budgets.
Here, we developed a bottom-up transportation sub-model and
integrated it with a refining sub-model to evaluate consumers’
travel mode choices and demand for fuel in a completely
deregulated market in Saudi Arabia. We also evaluate domestic
and export revenue following a full deregulation. This modeling
approach is calibrated and validated using Saudi Arabian data
for 2013, 2014 and 2015.
Deregulating the Saudi Arabian transport sector can encourage
consumers to shift to emerging more efficient and convenient
public modes (e.g., high-speed rail and metro). This would
reduce energy consumption and carbon dioxide emissions
of between 4 million to 26 million metric tons (mt) per year. In
spite of introducing market fuel prices, which are much higher
than current prices, especially in the long run, the emerging

KAPSARC Quarterly Issue 5

rapid public transportation modes can alleviate the increase in
consumers’ budget for travel. In fact, the budget remains within
historical boundaries for Saudi Arabia and within the range
of other GCC countries. Moreover, deregulating the transport
sector can offer the government an annual average of $8.2
billion in additional revenue from domestic sales and export
income in the varying price scenario and $5 billion in the $60/
bbl fixed crude price scenario. Furthermore, the net gain is
estimated to be positive in the varying price scenario despite
an increase in the cost of travel for consumers as a result of the
substantial increase in revenue for the government.
Our gasoline consumption estimates do oscillate around the
empirical estimate even with large deviations in gasoline
prices and the introduction of new transportation modes and
technologies. Hence, this gives policymakers in Saudi Arabia
the confidence to use the empirical estimate.
This paper can help policymakers in Saudi Arabia determine
whether consumers could adapt to market fuel prices and
the resulting energy consumption levels. Furthermore, it
illustrates the additional revenue the government would earn
if such a policy was introduced. It can also help the refining
sector in Saudi Arabia plan for future demand variations as a
consequence of emerging transportation modes.

Download the Paper
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Gasoline Demand, Pricing Policy and
Social Welfare in Saudi Arabia
Tarek N. Atalla, Anwar A. Gasim and Lester C. Hunt

T

he Kingdom of Saudi Arabia (KSA) has
experienced rapid economic and population
growth over the past several decades. Oil
revenues, one of the drivers of this growth, have also
allowed the government to provide electricity, fuel and
water at low administered prices. Not surprisingly,
energy consumption has grown almost tenfold over this
period. In road transport for example, gasoline demand
grew from 25 million barrels in 1979 to 204 million
barrels in 2015, an average growth of about 6 percent
per annum.

In December 2015, the Saudi government announced
increases in the administered prices of electricity, fuel and
water. In the case of gasoline, the nominal prices for the 91
and 95 octane grades increased from Saudi Riyal (SAR)
0.45 and SAR 0.60 per liter to SAR 0.75 and SAR 0.90,
respectively. Similar price changes were also implemented in
several Gulf Cooperation Council (GCC) countries at around
the same time due to the pressures on government budgets in
the face of low international oil prices.
This paper explores the changes to social welfare in Saudi
Arabia that may result from these price increases, focusing on
gasoline consumption. Our welfare analysis rests on demand
and supply curves for gasoline in the Kingdom. The demand
curve is estimated using a structural time series model,
while the supply curve is assumed to be flat (that is, constant
marginal cost) up to the capacity constraint, at which point it
is assumed to be vertical.
Gasoline demand per capita was modeled as a function
of real income per capita, the real gasoline price, and an
additional term that captured the effect of non-economic
factors including energy efficiency improvements over time.
The estimated demand model revealed that gasoline demand
was generally price inelastic.
The estimated gasoline price elasticity ranged between -0.09
and -0.15 for the different demand models. This suggests
that increases in the gasoline price will likely not dampen
domestic demand significantly. On the other hand, there was
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less consistency in the estimates of the income elasticity.
Given the lack of time series data on household income, GDP
and non-oil GDP per capita were used as proxies. When
real GDP per capita was used as a measure of household
income, the income elasticity was found to be 0.15. When
real non-oil GDP per capita was used, however, the income
elasticity was found to be 0.61. Furthermore, the additional
term suggested that behavioral effects over time generally
increased gasoline demand.
Using the estimated demand curve and an approximated
supply curve, our welfare analysis revealed that the gain
in social welfare would have been between SAR 1 to 2
billion annually at 2010 prices because of the gasoline price
increase, which is equivalent to about 0.1 percent of real
GDP in 2015. This annual welfare gain would continue to
accumulate over the next few years and possibly grow larger
as consumers have more time to respond to the price change.
Furthermore, the estimated welfare gain does not take
into account the external costs of gasoline demand and
driving. Therefore, the gasoline price increase, which
would lead to a reduction in both gasoline demand and
distances traveled, also offers additional welfare benefits
in the form of reductions in greenhouse gas emissions, air
pollution,congestion and accidents.
In summary, the welfare estimates suggest that the recent
gasoline price increase would yield an overall increase in
social welfare, although consumers do incur some loss. Given
that producers (mainly Saudi Aramco) gain surplus and that
spending on gasoline imports falls, the net positive impact on
the government budget and the structure of the Saudi labor
market together suggest that the gains would probably be
distributed back to Saudi citizens.
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Drivers of Transportation Fuel
Demand: Fuel-Efficient Mobility From
the Consumer’s Perspective
Workshop Brief

T

ransportation accounts for nearly 14 percent of global
greenhouse gas (GHG) emissions, around 40 percent
of which come from light-duty vehicles (LDVs), i.e.,
passenger cars and trucks. To reduce GHG emissions from
the LDV sector, policymakers have employed various supply
side and demand side policies. These include fuel economy
standards, zero emission vehicle mandates, renewable fuel
standards, low carbon fuel standards and carbon taxes, as
well as financial and nonfinancial incentives. Understanding
consumer adoption of fuel-efficient vehicles is crucial for
assessing the likelihood and costs of these policies in
achieving their intended goals.
Published studies suggest that consumers undervalue fuel
economy and future fuel cost savings. In addition, most
consumers do not have the time, patience and ability to
calculate discounted fuel cost savings. This suggests that
consumers may be better served by fuel economy standards.
However, increasing fuel economy at the expense of
performance leads to opportunity costs for consumers, whose
revealed preferences are to value performance more than fuel
economy. Recent studies suggest that accounting for these
opportunity costs wipes out all the benefits of fuel economy
standards. However, a key question is whether a public policy
such as fuel economy standards should embrace consumers’
tendency to maximize personal benefit over societal benefit.
There are many areas including tobacco and alcohol
consumption where society’s answer is no, but for now there is
no consensus yet over mobility.
High performance plug-in electric vehicles (PEVs) might
represent a good choice, at least for city driving, if consumers
continue to value performance over fuel economy. Nonetheless,
concerns over driving range, recharging time, charging
infrastructure, value for money and highway performance
represent genuine barriers to universal PEV adoption.
The current policy approach is to set targets for automakers
and create short-term incentives for consumers. These include
subsidies, tax incentives, entry to high-occupancy vehicle
lane, and free parking, amongst others. However, additional
PEV sales as a result of these incentives remain low. Marginal
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costs of additional PEV sales are high because everyone
gets the subsidy, even those who might have bought a PEV
without it. Overall, consumers want PEVs with better features
and thus devoting resources to technology development rather
than deployment might represent a more cost-effective policy
approach.
To achieve deep levels of decarbonization within the light-duty
vehicle sector, policies aimed at incremental improvements
can have high social cost implications. This includes a carbon
tax policy under which conventional vehicles might be able to
remain competitive through efficiency gains and lower fuel prices
in the long term (particularly if oil demand declines).
To avoid the possibility of expensive ‘dead-ends’ along the
path to deep decarbonization, regulators are betting on policies
promoting radical innovations such as the zero emission vehicle
(ZEV) mandate. The hope is that better low carbon technologies
would reduce fossil fuel consumption so policymakers would not
need to set the carbon price at the higher level that is required to
achieve deep decarbonization. However, recent studies estimate
high CO2 abatement costs for innovative PEVs at greater than
$500 per metric ton of CO2, even when benefiting from the
economies of scale that would come with bigger sales volumes.
Thus, deep decarbonization will require a radically different
paradigm for personal mobility, perhaps dominated by lowcost shared use of automated high fuel economy vehicles.
Policy intervention would still be needed, however, to prevent
congestion and mass transit decline. In the end, PEVs are no
different from many consumer goods. Unless they provide a
better customer experience at a lower price point, they will
struggle to displace the incumbent vehicles and infrastructure.
Decarbonization may be a collateral benefit of this improved
customer experience.
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Drivers of Transportation Fuel Demand:
Shared Automated Mobility-On-Demand
Workshop Brief

S

mart Mobility, the term we use to describe the
integration of matured technologies that permit
driverless vehicles to provide on-demand ride-sharing
services, has the promise of providing safer, cheaper and
more convenient travel while increasing the efficiency of
energy and road use. Cheap, reliable and accessible mobility
could in turn lead to economic growth, given the relationship
between the two. However, there is also a substantial risk that
Smart Mobility could result in increased congestion, energy
use and urban sprawl. Understanding the potential societal
impacts of Smart Mobility and likelihood of various outcomes
is important for developing a resilient policy framework that
leads to a desired mobility future.
Recent studies suggest that Smart Mobility could have a wideranging impact on energy use through both energy efficiency
and travel demand. Energy efficiency could be higher in a
Smart Mobility future. Right-sizing, reduced frequency of
start-stop driving, platooning, higher adoption of alternative
powertrains and vehicle light-weighting as accident risk
decreases could all contribute to increased energy efficiency.
However, despite higher energy efficiency, energy use may still
increase because of increased travel demand.
Travel demand in a Smart Mobility future is likely to increase
because it would be cheaper, easier and more convenient.
Empty miles, migration from transit and travel demand from
populations previously unable to drive would all add to vehicle
miles traveled (VMT). Rising congestion because of increased
VMT may set an upper bound on travel. However, automated
vehicles could lower the societal and personal impact of
congestion. From the society’s perspective, automated vehicles
would use road space more efficiently. From the passenger’s
perspective, the hassle of congestion may be reduced if they
can focus on activities other than driving.
Ride-sharing has the biggest potential to limit the increase
in VMT and congestion. However, people are reluctant to
ride-share, as seen by the dominance of personal vehicle
ownership in the majority of countries. On the other hand,
people in countries with high transit use are more open to
the idea of ride-sharing. In such countries, growth of Smart
Mobility could instead be a potential problem if it occurs at the
expense of mass transit.
Lower travel time, higher accessibility, reliable availability and
lower cost remain important factors that will shape consumer
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attitudes toward Smart Mobility adoption. For the seasoned
generation, private ownership may remain attractive even in
an automated future from both a cost perspective as well as
the desire to retain independence. However, the multitaskinginclined, smartphone-savvy younger generation appears
more open to the idea of ride-sharing. Thus, with generation
turnovers, Smart Mobility might become more common.
Smart Mobility could result in the simultaneous densification
of urban cores as well as growth in medium-to-low population
density regions. For suburbanites, automation would
decrease the inconvenience of driving. The reduction in
commute burden could unlock cheaper and bigger housing
options further out, encouraging sprawl. At the same time,
Smart Mobility would make city travel easier and could lead to
more densification, especially in the cores of big cities.
Adaptive and nimble public policy response holds the key to
shaping the path to the desired future. Potential policy levers
to incentivize preferred behaviors include congestion pricing
and time-savings-related inducements for increased vehicle
occupancy and efficient road space use. Explicit publicprivate partnership provides another approach for testing
innovative policies by assessing market response through
deliberate experiments. By contrast, the current regulatory
environment has seen the public sector playing catch-up with
the mobility-on-demand service providers, given the latter’s
relatively unregulated expansion. This has resulted in some
friction between the two. However, with traditional automakers
and technology companies entering the market, one can expect
a higher degree of collaboration between the public and private
sectors. Consumers are likely to be the biggest beneficiaries of
such partnerships as they would ensure affordable, equitable
and uninterrupted service.
A Smart Mobility future provides an opportunity to address the
challenge of rising demand for mobility where there are limits to
supply expansion. From a policy perspective, this would require
a shift from the current extremes of the spectrum, i.e., personal
vehicle ownership-and transit-oriented planning, to shared-triporiented planning.
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Reforming Industrial Fuel and
Residential Electricity Prices in KSA
Marcelo Neuman, Roger Tissot and Daniel Mabrey

T

he government of the Kingdom of Saudi Arabia (KSA)
increased domestic energy prices in 2016 to compensate
for the lost revenue from international oil prices tumbling
in recent years; an added benefit of raising these prices is
the induced demand response. Matar et al (2016; 2017) have
identified the economic benefits of altering industrial fuel
prices in Saudi Arabia without changing electricity prices. This
analysis looks at the additional economic benefits of raising
electricity prices in conjunction with any such fuel price reform.
Utilities in Saudi Arabia have received financial support from
the government while keeping electricity prices low. They were
provided fuels at low prices and had zero- to low-interest loans
for building and maintaining facilities. Also, the government as a
consumer has been willing to pay higher electricity rates to help
the utilities meet their revenue requirements.
At present, meters are not able to track power demand by
customer type for each hour of the day. We estimate household
electricity demand using data from the Saudi Electricity
Company (SEC), which currently is the sole operator of the
transmission and distribution networks. However, it is difficult
to reliably estimate hourly load profiles and hourly price
elasticities for the other demand sectors. This study focuses on
the residential sector, which constitutes about half of electricity
demand. When data becomes available for other sectors, the
analysis may be expanded to the rest of the market.
We identify a base case and show the effects of a fuel
price reform scenario on the delivery cost of electricity, the
technology mix for power generation and assess its potential
impact on households. The KAPSARC Energy Model (KEM) for
Saudi Arabia is used as a tool to analyze the different energy
policy scenarios. The model is run in a steady, long-run 2015
year to examine the effects of the policies on the country’s
energy economy. In this static framework, the capital costs
of plants are annualized over their design life. The base case
involves fixing energy prices to their values in 2015 and allowing
the sectors to make decisions freely so as to replicate the year.
The purpose of this study is to demonstrate the channels
through which value is generated in the economy from raising
fuel prices to their deregulated equivalent levels and providing
cost reflective electricity tariffs. In addition to the regulated
and deregulated fuel prices in 2015, we examine the effects of
four electricity pricing schemes for households: 2015 pricing,
dynamic pricing, average cost pricing and what we call lifeline
pricing. 2015 pricing considers the same electricity prices
charged to residential customers that year. The dynamic
pricing scheme sets prices to the long-run marginal cost of
delivering electricity; these costs are variable throughout the
day. The average cost pricing sets the price as the annual
long-run average cost by region (from here on, we will simply
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call these marginal cost and average cost, respectively). The
lifeline pricing scheme sets a quantity that is consumed at a low
flat electricity price, and further consumption is valued at the
average marginal cost.
The average electricity price paid by households in 2015 is
close to the marginal generation costs derived if fuel prices
remain at their 2015 levels. Given that costs of delivering
electricity increase when fuel prices increase, raising revenue
is necessary to balance the utilities’ budget. However, costreflective electricity prices have a large impact on the budgets
of low-income consumers. An intermediate policy, such as
lifeline pricing, is assessed as a compromise. Furthermore, it is
easier to implement as it is not necessary to install new meters
as would be required with dynamic electricity prices.
The energy system benefits by $3.8 billion per year, mostly
from the oil saved, if fuels are deregulated without changing
the electricity tariffs. On the utilities side, the savings are a
result of improving the efficiency of the fuel mix and technology
portfolio. Setting household electricity prices at levels that
reflect cost of supply raises the benefit to as much as $11.6
billion per year. Households in this case would substantially
lower their consumption, but still pay an additional $3.3 billion
for electricity. Power generators would reduce fuel consumption
to meet the lower demand, and also make smaller capital
investments than would otherwise be needed.
There are several ways of mitigating the burden on low-income
households, which would pay significantly more for electricity.
The Citizen's Account, announced at the start of 2017, would
cover the increased costs. Another approach could be lifeline
prices. Under the latter, the additional cost to all households
would be reduced to $1.8 billion while significant benefits to the
economy as a whole would be retained.
The alternative electricity pricing schemes, coupled with
deregulating fuels, result in the electricity sector using less
natural gas to meet demand. Gas availability is limited in
Saudi Arabia and deregulation of prices causes it to become
less of a constraint for the economy. We see this effect
appearing in the form of lower prices required for natural gas
displacing liquid fuels at the margin. Within the KEM model,
we find that gas availability for other sectors, particularly
cement production and water desalination, allows deferral
or cancellation of additional investment in new power plants;
further reducing the total cost in the economy.
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Growth, Investment and the Low-Carbon
Transition: A View From Saudi Arabia
Ibrahim Abdel Gelil, Nicholas Howarth and Alessandro Lanza

A

common priority across G20 countries is the need
to reinvigorate economies through an economic
transformation that delivers a higher level of better
quality growth. In Saudi Arabia, recognizing the risks posed
by an economy over-reliant on oil exports and with rapidly
growing domestic energy consumption, the government has
brought in an ambitious whole-of-government reform program
called Vision 2030.

localization and reforms to provide an environment attractive
for local and international investors.

Figure 1 shows nominal growth in GDP and its oil and non-oil
components for the years 1990-2016. While non-oil GDP has
been a steady and growing component of overall total GDP
(Figure 2), volatility in oil revenues, reflected in oil-based
GDP, has contributed to significant volatility in overall growth.
Shifting towards more sustained and sustainable growth,
a long-term goal in the Gulf, has therefore recently gained
added significance.

For example, the Saudi Energy Efficiency Program is
coordinating action across 30 government entities and
engaging with enterprises in the private sector. It is expected
to achieve avoided energy consumption of around 1.5 million
barrels of oil equivalent per day by 2030, or around a 20
percent reduction on what energy consumption might be
expected without this program.

The Kingdom’s Vision 2030 is being supported and
implemented through a roll out of substantive sub-programs
including: the Fiscal Balance Program (2016), the National
Transformation Program (NTP 2016) and the Saudi Energy
Efficiency Program (http://www.seec.gov.sa/en). As part of
these programs, the Kingdom has announced ambitious, public
goals that have been transparently shared to create a more
open, diverse economy, less reliant on hydrocarbon resources.
This includes a significant program involving the privatization of
state-owned enterprises, support of the private sector, greater

These plans also have a strong sustainability dimension
which will deliver significant greenhouse gas avoidance
co-benefits through a combination of energy efficiency,
structural diversification and renewable energy investments,
among other measures.

A central element of the economic plan in Saudi Vision 2030
is to move the Kingdom up the global ranking of leading
economies from currently being the 19th largest country to
top 15 status by 2030 by growing the non-oil sectors of the
economy (Figure 2), increasing jobs and expanding the share
of private sector non-oil GDP from around 40 per cent in 2015
to 65 per cent by 2030.
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Transitioning to Liberalized Energy
Markets
Workshop brief

I

n the late 1980s, it became accepted economic orthodoxy
that liberalized energy markets would deliver lower costs and
increase service quality. After three decades of experience,
the resulting reforms have delivered mixed outcomes. Several
countries have successfully transitioned to liberalized markets
from mandated or regulated pricing and monopoly utilities. In
many others, reforms are either still ongoing or circumstances
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have dictated different routes than initially intended. Then
there are those where privatization plans were put on hold and
utilities were re-bundled in the face of dwindling opportunities
for a competitive spot market.
Power sector liberalization is a lengthy, complex and costly
process. The reform’s objectives can change over time before
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the liberalization process is completed, as such reforms may
have to address new constraints and altered policy objectives.
Market liberalization is not an objective in itself. Rather,
liberalization is best viewed as a means to achieve improved
service levels and more efficient performance in the sector in
the long term.
Restructuring the power sector does not inherently increase
efficiency and consumer welfare. Its primary purpose is
to create an environment into which competition can be
introduced along with involvement of the private sector.
Institutions, institutional capabilities and a competitive market
platform are key ingredients for a successful transition
to liberalized markets. Experience suggests that before
unbundling a national utility, it is important to first create
an independent regulatory body that is complemented by
a competitive market platform. In the absence of these
institutional requirements, pragmatism may lead to the creation
of informal institutions that fill the vacuum, creating short-term
fixes that derail the overall objectives.
The single buyer model is the most common form of power
market structure pursued in the Gulf Cooperation Council (GCC)
where independent power producers (IPPs) sell electricity
to the national utility (also a major power generator). It is
normally proposed as the best method to improve the security
and reliability of electricity supply. However, this model has

its disadvantages. For example, IPPs selling power to a stateowned national utility company need state guaranteed returns to
build capacities and this may create overinvestment and longterm fiscal liabilities.
A hybrid reform model in which a single buyer competes with
IPPs who can also sell electricity directly to consumers through
bilateral contracts and a spot market can minimize government
intervention, since investment decisions and associated risks
are left to private investors. The greater economic benefits in the
long term, however, may come at the expense of higher costs
during implementation.
Reforms in GCC countries have several, sometimes competing,
key objectives: improve the power sector’s efficiency, attract
new investments and remove fuel subsidies. This latter
objective requires intervention to address the impacts of
increased tariff on consumers. Reform in the region can lead
to new opportunities such as intra-regional electricity trading
among GCC members. It also creates new challenges such
as attracting investments in renewables, managing reliable
electricity supply and balancing fiscal budgets.
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Future of the Electricity System in GCC
Workshop Brief

G

lobal electricity markets are facing formational changes
driven by transformations to both the demand and
supply side of the industry. On the supply side, energy
stakeholders expect a substantial increase in renewable
generation due to falling costs of solar photovoltaics (PV)
power, climate change commitments, diversification of the
energy mix and growing consumption. On the demand side,
consumers are slowly changing their behavior as new smart
technologies are introduced in lighting, heating, cooling,
electrical appliances, among others that modify the way they
use electricity. It is clear that future power systems will require
a different model to manage a market with new demand and
supply characteristics. In particular, policymakers will have
to decide how markets are going to pay for the intermittency
challenges posed by renewable technologies.
Gulf Cooperation Council (GCC) countries also need to adapt
to the changing global power markets by developing new
electricity models. In particular, these states may, as part
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of their reform programs, consider transforming their public
companies to private entities, monopolies to competitive
markets, fossil fuel generation to a diversified electricity mix
and regulated prices to liberalized prices. Moving to a new
power system will require substantial reforms and a balanced
approach in order to meet these different and sometimes
conflicting objectives.
The result of ongoing tenders for utility-scale PV plants in
the GCC suggests that renewable technology can compete
successfully with conventional sources under certain market
conditions. However, a higher degree of transparency is
required in order to evaluate correctly the cost of alternative
generation technologies bearing in mind that a tendered price
may not be the same as the levelized cost of electricity (LCOE),
even though it provides a cost signal.
Customers will probably re-evaluate their use of electricity as
it shifts away from being considered as a ‘commodity’ toward
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being a ‘service’ with the desired characteristics of utilities.
In other words, customers would pay for air conditioning or
lighting when they chose to use it, rather than electricity.
This implies that new business models will emerge based on
consumer preferences for these services, rather than on the
cost of producing electricity, as is the current standard. In this
context, it is likely that the business models will develop faster
than regulations, which will lag behind the commercial changes.
There are a few general policy recommendations gained from
the experiences of other countries, which can assist GCC
policymakers. First, they must define a credible economic plan,
set a rational time schedule to carry out the policy and develop
regulations needed to achieve these objectives. Second, price

and subsidy reforms is a prerequisite to achieving economic
viability for the different players in the electricity sector in the
long term. This will require exploring the best way to engage
relevant stakeholders in compensating the most vulnerable
citizens. Third, integration of renewable energy into the
electricity system will impose costs to the system; and, most
likely, natural gas will be the most cost effective backup.
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Energy Productivity: Evaluating LargeScale Building Energy Efficiency
Programs in Oman
Kankana Dubey and Moncef Krarti

T

his paper outlines the benefits of large-scale energy
efficiency programs for new and existing buildings in
Oman, which has seen electricity consumption grow
rapidly due to a population boom and poor regulations for
building power usage. Based on historical data, electricity
demand growth has been consistent over the last decade
with an annual increase of 1,900 GWh for national power
consumption. If left unchecked, national electricity consumption
and peak demand would double by 2030 to 55,288 GWh and
11,240 MW, respectively.
To evaluate these efforts, an energy productivity analysis is
carried out on the programs to discover their overall impact
on Oman’s economy. We examine proven sets of energy
efficiency measures and policies and their impact on the
energy productivity for the building sector. The study is
based on economic analysis to account for multiple nonenergy benefits as well as on energy savings incurred from
optimal set of energy efficiency measures. The developed
optimization-based analysis approach is applied in this study
to evaluate the impact of specific energy efficiency measures
for new and existing buildings on the energy productivity of
the building sector.
In order to determine the cumulative impacts of the benefits
that can incur from building energy efficiency programs,
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the monetary values of these benefits are estimated and
accounted for as part of the energy productivity analysis.
Specifically, three main benefits are considered for the three
levels of energy retrofit programs proposed for the existing
building stock in Oman including:
Energy consumption reduction that results in two impacts
on the energy productivity of the Omani building sector (i)
drop in final energy consumption and (ii) increase in value
added benefit (VAB) associated with the avoided cost of
oil required to generate electricity.
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Peak electricity demand reduction, lowering the number
of power plants required to meet future energy needs of
the building sector.
Carbon emission reduction due to decline in the
consumption of oil or gas to generate electricity in
power plants.
More than 58 percent of the benefits can be achieved by just
retrofitting residential buildings only, as shown in Table 1,
using 2014 building stock estimates.
he results of the analysis show that the implementation of
a government funded large-scale energy retrofit program
for existing residential buildings is highly cost-effective. We

find that a basic Level-1 large-scale energy efficiency retrofit
program of households can provide a saving of 957 GWh in
annual electricity consumption and 214 MW in peak demand as
well as in excess of 660,000 metric tonnes per year in carbon
emissions reduction (see Table 1). However, if the residential
building stock of Oman underwent a Level-3 deep retrofit
the benefits are as follows: 5,980 GWh in annual electricity
savings, 1,340 MW in peak demand and more than 4.125
million metric tonnes per year of reduction in carbon emissions.
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Economic and Environmental Benefits
of Improving UAE Building Stock
Energy Efficiency
Kankana Dubey and Moncef Krarti

T

he United Arab Emirates (UAE) is a federated country
established in 1972. It consists of seven emirates: Abu
Dhabi, Ajman, Al-Fujayrah, Dubai, Sharjah, Ummal
Qaywayn and Ras Al Khaymah. The country’s electricity sector
underwent significant development during the 1990s, especially
in Abu Dhabi, the state’s largest emirate and holder of more than
90 percent of its oil reserves.
The Abu Dhabi Water and Electricity Authority (ADWEA) was
created in 1998 to oversee and manage water and electricity
generation and distribution. The power sector was divided
into seven specialized electricity companies, including four
generation companies (gencos), one transmission company
(transco) and two distribution companies (discos). At the
same time, the Abu Dhabi Water and Electricity Company
(ADWEC) was established to maintain a monopoly over
wholesale trading. It acts as a central buyer of all electricity
and water produced, which it sells to the discos. In addition,
the Regulation and Supervision Bureau (RSB), Abu Dhabi’s
regulatory body, was established to oversee technical
regulations including grid codes, safety standards, technical
and performance standards. Today, most of the electricity
and water produced come from independent water and
power providers (IWPPs) under long-term power and water
purchase agreements (PWPAs). Even after the privatization
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of a few IWPPs, the government still retains full ownership of
the monopoly businesses of procurement, transmission and
distribution.
In addition to ADWEA, there are three other water and
electricity authorities in the UAE, including DEWA serving
mostly Dubai, FEWA (Federal Electricity and Water Authority)
serving northern emirates Ajman, Al-Fujayrah, Ummal
Qaywayn and Ras Al Khaymah, and SEWA for Sharjah. Most
of the UAE’s electricity is generated and consumed by two
authorities, Abu Dhabi’s ADWEA and Dubai’s DEWA. These
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two authorities account for more than 80 percent of the total
annual electricity used in the country in 2013, as shown in
Figure 1.
Residential and commercial buildings in the UAE consumed 32
percent and 36 percent, respectively, of total electricity in 2013
(DoE 2014). The proportion varies significantly depending on
the emirate, as shown in Table 1.
Using the sequential search technique, our analysis showed
that improving the energy efficiency of the UAE’s building
stock can provide cost-effective reductions in electricity
consumption, peak power demand and carbon emissions,
while creating a sizable number of employment opportunities.
We also found that any level of energy retrofit to buildings
would be highly cost-effective, even if the UAE government has

to subsidize all the implementation costs of the program for
the entire existing stock.
A deep retrofit of the entire building stock (i.e., based on a
Level-3 audit) would have an average payback period of just
2.3 years. It would produce significant benefits: saving 47,200
GWh/year in electricity consumption and 8,800 MW in peak
power demand and reducing carbon emissions by 28 million
tons/year. The Level-3 program would also create as much as
56,000 job-years.
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An Evaluation of High Energy
Performance Residential Buildings
in Bahrain
Kankana Dubey and Moncef Krarti

B

ahrain is an island nation in the Middle East with
a population of about 1.2 million. It is 780 square
kilometers in size, making it the smallest member of the
Gulf Cooperation Council. To conserve energy, it adopted an
energy efficiency code for commercial buildings in 1999. This
has prescriptive compliance requirements for thermal insulation
in the walls and roofs as well as minimal specifications for
window glazing. The application of this code was extended to
all building types in 2013.
In our study, a sequential search technique is applied to
optimize the design of residential buildings in the capital,
Manama, to minimize life cycle energy costs using a wide
range of energy efficiency measures. In our analysis,
design features for air-conditioned single family homes
are considered, including orientation, window location and
size, glazing type, wall and roof insulation, lighting fixtures,
appliances and efficiencies of heating and cooling systems.
Based on this optimization analysis, the economic and
environmental impacts of developing and enforcing a more
stringent energy efficiency code for new buildings, as well as
the implementation of retrofit programs for existing buildings,
are evaluated.
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The analysis outlined here demonstrates that when a more
stringent building energy efficiency code is developed and
enforced for newly constructed residential and commercial
buildings, Bahrain could reduce its electricity consumption by
320 GWh/year, peak demand by 87 MW and carbon emissions
by 242,000 tons/year. Moreover, a basic energy retrofit
program using easy to implement energy efficiency measures
for existing residential buildings could reduce electricity
consumption by about 495 GWh/year, peak demand by 116
MW and carbon emissions by 377,000 tons/year.
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Table 1 summarizes the potential benefits from three levels
of energy retrofits of existing residential buildings in Bahrain.
The avoided costs associated with both the construction
of power plants and fuel required for electricity generation
can offset the cost of implementing a basic energy retrofit of
residential buildings. A similar analysis was conducted for
commercial buildings and these are also discussed in detail
in the paper. The benefits outlined in Table 1 could double if
both residential and commercial buildings were retrofitted.

In order to initiate an energy retrofit program for existing
buildings in Bahrain, investments through energy services
companies (ESCOs) can be considered. This would use the
performance contracting concept, a means of financing energy
efficiency investments that is based on future savings.
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Sheltering the Economies of OilExporting Countries From Energy
Shocks
Workshop Brief

T

he impact of sharp oil price fluctuations on economies
has been an issue of concern for policymakers since
the 1970s. In the last 40 years, governments of oilexporting and -importing countries have been implementing
policies to shelter their economies from adverse oil price
shocks, with the policy approach being different in each
case. The emergence of light, tight oil has prompted a
critical change in the structure of oil markets. Investment
in non-conventional oil reacts aggressively to changes in
oil prices; in effect, it reduces the likelihood of long-term
cyclical shocks, unless markets are somehow prevented
from finding the right price, to the extent that large
imbalances may build up. In the case of natural gas, a move
away from pricing based on oil prices may also change the
volatility of this source of energy.
In this evolving context, the workshop examined three
main strategies to minimize oil price shocks for exporting
countries. Throughout this brief we refer to oil, while
recognizing that major gas exporters are exposed to similar
choices.
Sovereign wealth funds are based on the concept of
saving in the good times – i.e. when oil revenues are high
– and disinvesting in the bad times, that is, spending in
response to downward shocks. Depending on the policy
objective and time horizon, three approaches dominate:
Intergenerational funds are savings earmarked for future
generations, since they have a very long-term horizon.
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Parking funds focus on key economic sectors, with the
aim of influencing the mid-term horizon.
Stabilization funds, which have a short-term horizon,
are used to minimize budget volatility.
In all cases, successful funds have clear and transparent
rules. These optimize the drawdowns and minimize the costs
to the economy that result from downward shocks in oil and
gas prices.
Economic diversification is a second strategy, more
focused on mitigation of oil shock impacts. The producing
sector of oil-exporting countries tends to be concentrated in
oil and oil-related activities, making their economic activity
volatile. An innovative approach to planning the optimal
structure of a more diversified economy could be borrowed
from the financial sector. This considers the economy as a
portfolio of assets, with each asset categorized according to
its economic efficiency, or profitability, and exposure to oil
price shocks, or risk. Using this approach, GCC countries
could increase their manufacturing sector’s share of GDP
– i.e. diversify sources of profitability – and decrease the
weighting of services and the oil and gas sectors, so as to
reduce overall economic risk without sacrificing economic
growth.
Diversifying the energy mix may be a first step in a
strategy for sheltering economies from energy shocks,
essentially boosting the shares of low-carbon resources
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to displace oil and gas. This approach not only reduces
domestic consumption of fossil fuels, but also provides
long-term price certainty for generated electricity. In the
case of oil-exporting countries, renewable energy can
displace oil in power generation, potentially allowing for an
increase in exports and boosting the share of oil revenues
in GDP. However, as a second step to increasing economic
stability, governments would need to manage the larger oil

contribution to state revenue by diverting these funds into
broader economic diversification or into stabilization funds.
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Toward the Integration of Policymaking
Models and Economic Models
Ben Wise, J. Andrew Howe and Brian Efird

T

he traditional economic approach to policy analysis
is to utilize tools and methods developed within the
field of economics and study the economic impact of
one or more policies solely from an economic perspective.
As a consequence, the “policies” are usually formulated
and evaluated only by an assessment of the pure economic
optimality of expected outcomes. Moreover, economic models
typically treat policy choices as exogenously specified. Once
policies are selected according to some exogenous process,
then scenario analysis can be performed to simulate the
economic impact of those policies.
On the other hand, explicit research into the policymaking
process – and in particular models of the policymaking process,
tend to oversimplify or ignore the economic outcomes of the
policies debated among policymakers. In particular, modelers
of what we broadly classify as collective decision making
processes (CDMPs) – in other words, models that capture the
process of political choice – tend to utilize simple, fixed models
of economics, if any economic consideration is taken into
account at all. The economic consequences, or the outcomes,
of choices of actors are generally treated as the end points of
models. The implications of policy choices, once arrived at, are
typically left unexplored.
Either approach in isolation misses out on important
interactions between political and economic phenomena. The
economically optimal policy is rarely the option selected, and
is often not even under consideration because of political
considerations. Policies that may appear to be politically
appealing at first blush can lose their charm once adopted,
because of the economic impact upon attempts to implement
them. In this paper, we argue that politics and economics
are inextricably intertwined, and can be modeled as such.
We develop a hybrid quantitative model of economics

KAPSARC Quarterly Issue 5

and CDMPs that allows us to capture the process of
policymaking based on utilities derived from an endogenous
economic model.
We develop this model with the KAPSARC Toolkit for
Behavioral Analysis (KTAB), which is an open source
platform for building CDMP models. All KTAB models
represent stochastic decision-making among comparatively
small numbers of actors or stakeholder groups – more
than one, but less than hundreds – within the paradigm of
Probabilistic Condorcet Elections (PCE). Even in formal
voting situations, such as in government or boardrooms,
informal influence-based negotiation is truly what drives
voting – an obvious example of this is lobbyists influencing
U.S. senators – so we need a negotiation model that
captures this behavior. The PCE is a general framework
for modeling this type of informal policymaking process;
this framework is extremely flexible, and lacks restrictive
assumptions present in others.
In this paper, to demonstrate our approach, we develop a
CDMP based on the PCE, in which actors represent sectors
in a Leontief economy. Each actor negotiates and forms
coalitions so as to maximize its (the actor’s) utility. The data
we used are synthesized from real data representing nine
sectors and three actors of production in the U.S. economy
from 1981. Applied to these data, our model demonstrates
that strategically sophisticated economic policies can be
generated using an integrated CDMP framework.
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Curbing Carbon Emissions: Is a Carbon
Tax the Most Efficient Levy?
Jorge Blazquez and Jose Maria Martin-Moreno

T

here is wide international consensus on the need to
limit global warming to no more than 2ºC. A proof of this
consensus is the agreement by 195 countries to adopt the
new global climate change framework proposed in December
2015 as the Paris Agreement. This 2ºC goal might, however, be
viewed as little more than aspirational, since it is only binding to
the extent that nations propose to be bound by it. Nevertheless,
it is a relevant landmark in climate change policy. It is important
to emphasize that the reduction in emissions needed to limit
global warming to no more than 2ºC is significant. Consequently,
in the next few years policymakers will look to decide on a set
of cost-effective policy tools to curb emissions and, hopefully,
mitigate the consequences of climate change.
Carbon taxes are emerging as a common policy response to
curbing greenhouse gas emissions. Intuitively, it might appear
that the best way to reduce carbon emissions would be to make
them more expensive through some kind of levy, such as a
carbon tax. However, this intuition is not entirely correct.
This study, based on Spanish economic data, assesses what
are the optimal taxes on fossil fuels to curb carbon emissions
and compares them with a carbon tax. Our analysis produced
some interesting results. First, for optimal efficiency in terms of
reducing CO2 emissions, any tax on coal must be substantial,
since this is the fossil fuel with the highest carbon emissions
and lowest level of energy productivity, and it is the cheapest
fossil fuel. According to standard economic theory, the price
of any input, such as a fossil fuel, must equal its marginal
productivity in competitive markets. In other words, the low
price of coal (in calorific units) reflects a low productivity for this
fuel. The opposite is true of oil. This initial result was expected.
However, and according to the general equilibrium model used,
we find that a lower level of taxation of oil and natural gas
could also form part of an optimal strategy, especially when the
environmental target chosen is conservative in terms of carbon
emissions reductions. Second, again for optimal efficiency, our
analysis shows that the tax on oil should be lower than the tax
on natural gas, and lower still than that on coal. This is because
the marginal economic productivity of oil is the highest of the
three fossil fuels, though natural gas has the lowest level of
carbon emissions.
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Third, any carbon tax tends to converge to the optimal tax mix.
This is the tax mix that minimizes the cost of the environmental
policy, when the environmental target is ambitious. This study
suggests that carbon taxes may be an appropriate policy
instrument to consider when an aggressive environmental target
is chosen. However, if the objectives in terms of CO2 emissions
mitigation are more conservative, such a tax would lead to
unnecessary welfare losses.
Carbon taxes can be viewed as having a short-term advantage
for policymakers: revenues from the optimal tax mix are always
lower than those from a carbon tax. This could create a potential
dilemma for policymakers since environmental taxes may also
represent a way to finance public expenses. However, and
from a purely environmental policy perspective, this potential
advantage may have a downside. Higher taxes might be seen by
taxpayers as unreasonable and could lead to a loss of support
for the environmental policies. The loss of social mandate is one
of the greatest risks to the successful implementation of sound
environmental climate change policies, which by its nature
requires very long-term commitment and support.
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Estimating the Learning Curve of Solar
PV Balance-of-Systems for over 20
Countries
Amro M Elshurafa, Shahad R Albardi, Carlo Andrea Bollino and Simona Bigerna

C

apital costs (CAPEX) of any solar photovoltaic (PV)
system comprise two main elements: the module, which
converts sunlight to electricity, and the balance-ofsystem or BOS, which is an all-encompassing term and refers
to all other components and services needed to make the PV
system operational including, and not restricted to, ground
mounts, cables, labor costs and the inverter.
Modules are the backbone of the solar PV industry and the
energy circle relies on the price of the module as an indicator
to assess the competitiveness of the solar technology with
respect to other conventional technologies. Dozens of
industrial reports and academic journals have analyzed the
cost development of the module and concluded that modules
have been following an 80 percent learning curve (LC). A LC
of X percent for any product means that each time the global
cumulative production doubles, the new cost of production is X
percent of the previous level.
Research on the BOS has not been as intensive partly
because the module has historically been responsible for a
significantly larger share of CAPEX than BOS. The situation
is now reversed. After almost four decades of technological
advancements and market developments, the cost of modules
has shrunk significantly and BOS now accounts for more than
half of CAPEX. In this paper, we will fill the gap that exists in
literature and estimate using econometrics country-specific
LC for the BOS segment of residential solar PV systems. With
the aid of an extensive data set, the BOS cost for more than
20 countries has been deduced. In aggregate, the countries
considered in this study are responsible for over 85 percent of
global solar installations.
For most countries, it was found that the BOS LC is slower
than modules. Furthermore, it was observed that developed
countries were faster learners than developing states. Also,
for the first time, a global LC was deduced for the BOS
in residential systems and was found to be 89 percent.
Comparing this with that of the LC of modules (i.e., 80
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percent), we confirm that modules, thus far, have performed
better in terms of learning. This finding is in line with the very
few previous single-country studies, thereby allowing for wider
global generalization.
To extract further insight from the data, we performed a
time-specific study where the period of analysis was divided
into two: one that precedes 2008 and the other succeeding.
After the financial crisis in 2008, the financial policy support
allocated to renewables decreased significantly. Our study
shows that the LC of BOS continued to progress steadily
despite a global policy environment shaped with less funding.
This important observation indicates that, contrary to what
most would assume as reasonable, many steps could be
taken by policymakers to promote cost reductions in the BOS
segment without significant financial commitments. Such
initiatives include promoting market competition between
installing companies, legal process standardization and
adopting collective purchasing and installation schemes.
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Support for a Carbon Tax in China: A
Collective Decision-Making Process
Simulation Using the KAPSARC Toolkit
for Behavioral Analysis
Imtenan Al-Mubarak, Brian Efird, Leo Lester and Sun Xia

E

fforts by the Chinese government to reduce carbon
dioxide (CO2) emissions are of great importance to
both the population of the People’s Republic of China
and the rest of the world. As China is the largest emitter of
CO2 globally, both the precedent that could be set by taking
aggressive action and the very real impact of lowering such
emissions could represent important steps in advancing
a carbon reduction agenda. There are a variety of policy
options available to the Chinese government, but each has
potential consequences that may vary by industry, geography
and income. As a result, each policy option has a different
configuration of stakeholders that may benefit or suffer.
The typical approach to policy analysis of a carbon tax or an
emissions trading scheme (ETS) is to focus on its economic
implications. However, this does not address the question of
political feasibility. The economic implications seldom impact
everyone in the same way – there will be winners and losers
for most policy choices. The expected winners will tend to
be the supporters of a policy, and the expected losers will
often try to create obstacles that prevent a policy change, or
implementation of a policy.
In this study, we focus on the political feasibility of implementing
a carbon tax in China within the next five years. In doing so,
we use the KAPSARC Toolkit for Behavioral Analysis (KTAB)
platform, a model of collective decision-making processes
(CDMPs) developed at KAPSARC, to assess the expected
support for, and reactions to, this policy choice. The feasibility of
this policy, based on this methodological approach and taking
this perspective, is directly related to the expected reaction of
constituents and interest groups that will be impacted by a policy
change. Our goal is to analyze the value proposition for each
stakeholder group – in terms of the model and the actors – and
evaluate how they might interact based on their own cost benefit
analyses of a carbon tax; and assess the potential for areas of
mutual agreement among the specified decision makers and
their constituent supporters.

allows for the evaluation of the political feasibility of reaching
consensus, as well as the type of consensus that is possible. In
this paper we simulated the CDMP to assess the appetite for a
carbon tax in China. Based on data from subject matter experts,
we found that key members of the Politburo Standing Committee
(PBSC) modestly support the concept of a carbon tax, but that
a broad debate about the form and structure is ongoing. Central
and provincial governments are seen as strong advocates for
a tax on carbon. However, unsurprisingly, industry, energy
companies and major carbon emitters are opposed to the tax.
Our KTAB simulation of the CDMP identifies the possibility of a
loose consensus for a modest carbon tax, which implies that any
mechanism or implementation of a tax will be similarly modest.
Consequently, we find that, within our chosen timeframe, it is not
politically feasible to adopt and implement a stringent carbon tax
policy in the current Chinese political context.
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The KTAB model allows the user to simulate the interactions
of decision makers and their constituents. Such a simulation
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Joint Oil Stockpiling between Middle
East Exporters and Northeast Asian
Importers: A Winning Formula?
Tilak Doshi and Sammy Six

J

oint oil stockpiling is the term used to refer to an agreement
under which crude oil, owned and commercially traded
by an exporting country, is stored in an importing country
in exchange for first drawing rights by the host country in
times of emergency. It has both commercial and strategic
dimensions. Joint oil stockpiling can serve the perceived energy
security needs of net oil-importing countries by enhancing their
respective Strategic Petroleum Reserves (SPRs) at lower cost,
while at the same time it can work as a channel for downstream
integration by the national oil companies (NOCs) of the oil
exporting countries whose objectives are to ensure market
share at competitive prices for their crude exports to the large oil
importing regions.
Building up and maintaining SPRs have long been part of the
energy policies of Japan and South Korea. Both are members
of the International Energy Agency (IEA), which carries SPR
obligations, as well as being among the world’s largest oil
importers. The emergence of China, and more recently India, as
very large Asian net crude oil importers has been accompanied
by ambitious SPR plans as part of their national defence and
energy security strategies.
The potential benefits represented by joint oil stockpiling
agreements is of increasing interest to the NOCs of both
regions, Northeast Asia (NEA) importers and Middle East (ME)
exporters. To the extent that ME crude oil stored in host country
facilities enhances the host country’s definition of SPR – despite
the ME NOC’s retaining title to the crude until an oil supply
emergency occurs – there are potential gains to trade. The cost
of production and storage for the ME NOC is much less than
the Asian buyer’s cost of purchasing and storing their oil. The
availability of storage facilities close to destination markets also
provides an oil producer with significant advantages: it offers
logistical flexibility and the ability to supply oil cargoes on a
prompt basis. Deliveries can be made within days rather than
the three weeks or more it takes to transport oil from the Arabian
Gulf to Northeast Asia.
An early agreement by Statoil with South Korea in 1999 was
probably the first example of a joint oil stockpiling agreement
between a net crude exporting country and a net importer
(Oil and Gas Connections 1999). It was the first of what South
Korea hoped would be several similar arrangements with crude
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suppliers, including ME exporters, aimed at increasing its SPR
volumes. Since 1999, there have been a number of similar
joint oil stockpiling arrangements between leading ME NOCs
and the large NEA oil importers, specifically Japan and South
Korea, and more recently India. There have been high level
talks between Chinese energy officials and ME oil producers
regarding similar joint oil stockpiling arrangements over the past
decade but these have so far proved unproductive.
The oil glut that led to plummeting oil prices in the second half of
2014 led key Asian refiners to buy a larger share of their crude oil
requirements on the spot market, where it is able to be delivered
immediately, rather than at some future date under the typical
term contracts offered by the ME crude sellers. As competition
in Asian crude markets has intensified in a volatile trading
environment, opportunistic buying of crude oil cargoes in spot
markets has become more common. ME exporters see their
market share in Asia challenged because of the latter region’s
increased accessibility to non-traditional long- and short-haul
flows. Long-haul flows include imports from Latin America and
West Africa, while Russia’s ESPO crude provides Asian refiners
with a nearby alternative. By storing their oil closer to the large
Asian demand centres, ME exporters are better able to compete
with short-haul crudes in the region.
ME crude stored in NEA locations offers buyers oil that has been
‘de-risked’, in that the stored volumes have already transited
the choke points of the Straits of Hormuz and Malacca. Joint
stockpiling agreements offer crude oil sellers and buyers the
flexibility to nominate smaller cargo sizes and permit break-bulk
options. Joint stockpiling agreements also offer the ME NOCs a
platform for opportunistic access to spot markets, an important
consideration in the current low oil price environment. Joint oil
stockpiling agreements between ME producers and large Asian
importers can be expected to become an important feature of
the oil trading relationships between the two regions.
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The Effect of Preferential Trade
Agreements on Energy Trade,
Considered from both Chinese and
Exporters’ Perspectives
Philipp Galkin, Carlo Andrea Bollino and Tarek Atalla

D

espite slowing growth during the past decade, China
remains a major importer of fuels and energy products
and exerts a significant influence on global markets.
Since its accession to the Word Trade Organization (WTO) in
2001, Chinese foreign trade – including energy trade – has been
increasingly impacted by preferential trade agreements (PTAs)
negotiated on a multilateral (e.g., Association of Southeast
Asian Nations) and, for the most part, on a bilateral basis.
Currently, China has PTAs with 22 economies, which account
for 18 percent of the country’s energy imports and 34.5 percent
of total Chinese imports in 2015 (World Bank 2016a), and it is
negotiating with 21 more potential PTA partners. This paper
seeks to provide insights into China’s approach to PTAs and
their effect on energy flows.
Energy exporting economies that consider a trade
agreement with China will benefit by understanding the
country’s approach to selecting PTA partners, its trade
policy priorities and whether a PTA will help increase export
values and capture a greater share in Chinese imports.
From the Chinese perspective, its targets may include
securing energy imports, diversification of trade flows and
diverting its partner’s exports away from other importers.
Shifts in Chinese energy import patterns due to PTAs also
impact other market participants.
China’s dependence on energy imports, especially natural gas
and crude oil, suggests that securing access to supply is one
of the pillars of its foreign trade – and, hence, PTA – policy.
However, energy and fuels account for just 13 percent of total
imports. The share of energy products in imports from PTA
partners is below 7 percent due to the lack of agreements with
major oil exporters. Also, many existing PTA partners do not
have a track record of significant energy product exports. This
indicates that there are other drivers for Chinese engagement in
preferential trade deals besides securing energy or raw material
inputs. These drivers include gaining access to substantial or
strategically important markets – either directly or through a ‘hub’
economy linked with key markets through PTAs – diversifying
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import sources and seeking complementary economic
structures and trade patterns. In the past decade, especially
during the development of the then U.S.-led Trans-Pacific
Partnership (TPP) initiative, which has since been abandoned by
President Trump, analysts identified the increasing importance
of non-economic factors, such as exerting political influence
and ‘soft power’ in the Pacific region and worldwide, in shaping
Chinese foreign trade accords.
Chinese preferential trade agreements are not based on a
particular template; they are drafted individually. Generally,
historical record shows that China prefers to start with
liberalization of trade in goods; over time, addenda covering
trade in services and investments are introduced. These policy
documents tend to have limited scope, primarily addressing
tariff reduction and standards but leave out clauses on public
procurement, competition and intellectual property protection.
China’s trade agreements with developed economies are usually
more comprehensive than those with developing economies and
result in more significant tariff cuts, which, however, can vary
significantly across the product groups.
We extended the general framework of the trade gravity model
to analyze the factors impacting China’s energy trade flows.
We disaggregate them by four major product groups under
the Harmonized System classification of goods (coal, crude
oil, oil products and gas/gaseous hydrocarbons). Gaseous
hydrocarbons refers, for the most part, to natural gas liquids
(NGLs) and so we shall use this terminology throughout the
paper. This approach allows us to assess the impact PTAs
have on Chinese energy trade and isolate it from other factors,
which could also potentially affect flows, including those that
constitute the classic trade gravity model (countries’ gross
domestic product (GDP) and distances between them), as
well as additional control variables (currency exchange rates
and domestic energy production). Given a large degree of
heterogeneity across the PTA’s policy arrangements and
tariff levels applied to particular product groups, traditional
representation of the impact of a PTA as a dummy variable
might be insufficient. Therefore, we extended the conventional
trade gravity model by adding two extra variables that represent
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the PTA effect: the average tariff level applied to a particular
product group and the depth index (DI). DI captures whether a
trade agreement contains substantive provisions in the areas
of services trade, investments, standards, public procurement,
competition and intellectual property rights, and also whether all
the tariffs would eventually be reduced to zero.
Our analysis finds that the dominant factor affecting trade flows
of coal, crude oil and oil products is the average tariff level
applied by China to these product groups. Its effect is less
pronounced for gas/NGLs, which is more affected by policy
arrangements represented by a PTA variable.
We find that an energy exporting economy which hopes to
increase its share in Chinese imports should prioritize tariff
reduction in the case of oil and gas/NGLs and a PTA deal in
the case of coal. From a Chinese perspective, reduced tariffs
for crude oil and oil products are likely to result in a partner’s
diverting its exports of these products to China in preference to

other importers. By contrast, it is the presence of an operational
PTA that drives diversion for the coal and gas product groups.
Analysis of trade intensity indices for energy product flows to
China confirms the dominant effect of tariff levels. It should
also be noted that the comprehensiveness or depth of a trade
agreement – measured by its depth index – do not appear
to be a significant variable affecting patterns of Chinese
energy imports. This seems plausible, as energy products are
commodities largely traded internationally. Accordingly, their
imports may not require a complex and in-depth legal and
institutional framework.
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A Conceptual Framework for
Measuring Local Firm Capabilities in
New Producing Countries
Marcelo Neuman, Roger Tissot and Daniel Mabrey

F

oreign direct investments (FDIs) offer an opportunity
to enhance industrial linkages and expand economic
growth of developing countries. Countries rich in oil
and gas resources benefit from investments by multinational
extractive industries if policymakers design appropriate local
content policies. A key factor in developing such policies is
to assess the local industry’s capabilities to be part of the oil
and gas value chain. Although an assessment of local firms
is usually carried out to help design local content policies,
many of these studies, which are usually commissioned
by the IOCs, have a static perspective when estimating
local capacity. They tend to focus on what the firms have
achieved at a particular point in time and how they can
service the needs of the IOCs. The studies typically do not
capture the underlying attitudes and behaviors that support
the firms’ current and future prospects for performance and
competitiveness. Even though this static perspective is an
important input for developing local content policies, we
argue that much more valuable information for designing such
policies is gained by incorporating a dynamic perspective.
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The objective of this paper is, therefore, to explain the
importance of including key concepts, such as absorptive
capacity and innovation in a firm-level study. In this document
we present three examples of surveys and explain how
each questionnaire was adapted to the specific objective
of the survey. The first evaluates the ability of local firms in
Mozambique to engage in Anadarko’s supplier development
program for an LNG project. The second, developed in
Nigeria, provides information about local suppliers that
enables the enhancement of the country’s local content
policies. The third, implemented in the established local
supplier base of Argentina, produces recommendations to
the government on refining its local content policies in the oil
and gas industry. This was the only survey to introduce the
concepts of absorptive capacity and innovation. We argue
that surveys that include these concepts are more valuable
for both policymakers and industry stakeholders.
In our analysis we focused on the questionnaire, which
is central in any attempt to gather baseline data and
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measure progress. Their scope and context may differ
but the questionnaires also share some common aspects,
such as the objective to improve the performance of local
firms through the intervention of local content policies. We
examined the surveys from the perspective of how they
incorporate a measurement of the local firms’ dynamic
behavior, which is essential in discovering the overall potential
capabilities of these firms.
In Eastern African countries, which have little experience
in the oil sector and a weak or non-existent local supplier
base, a dynamic perspective for assessing local capabilities
enhances the view of policymakers. This provides more
policy options in the country’s efforts to build a local supplier

base. We believe that a dynamic perspective of local firms’
capabilities is gained by analyzing their absorptive and
innovative capacities. Introducing these concepts, together
with existing abilities that matter to the IOCs in assessing local
firms, enriches the understanding of their capabilities. It offers
a platform to build a sustainable local supplier base supported
by local content policies, and fully linked to the natural resource
value chain.
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A Measurement Device for Estimating
Local Firm Capabilities in New Oil
Producing Countries
Marcelo Neuman, Roger Tissot and Daniel Mabrey

I

n this paper we present an overview of KAPSARC’s local
content project, its methodological approach and objective.
We describe a measurement device (questionnaire)
used to quantify different features of local firms surveyed in
Uganda. The data collected in these questionnaires provides
essential information to help analyze the current state of
local firms in Uganda as they gear up to join the oil and gas
supply chain. We also comment on each section of the form
explaining its purpose.
The design of the questionnaire allows for a combined
approach to examining local firms. On the one hand, it is
based on selected basic requirements of the oil and gas
industry, which companies must usually fulfill if they aspire
to be a supplier. On the other, it also considers the local
firms from a dynamic perspective, focusing on their potential
to adapt and carve a role in the oil and gas supply chain.
This perspective is centered on the concepts of innovation
and absorptive capacity, which are increasingly considered
when evaluating small and medium enterprises (SMEs) at
the firm level.
The questionnaire was designed to be used in face-toface interviews, which is usually recommended for surveys
carried out in Africa. The document is relatively lengthy
and is intended to be utilized in developing nations,

KAPSARC Quarterly Issue 5

although a few questions would have to be adapted to
the characteristics of each country based on the level of
development and exposure to the oil and gas industry.
The questionnaire includes five sections to make it more
comprehensible. The data collected is extensive, allowing
for a variety of analytical approaches.
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Measuring the Capabilities of Firms to
Deliver Local Content in Resource Rich
Countries
Marcelo Neuman, Roger Tissot and Daniel Mabrey

T

his paper is the third in a series of four that focuses on
estimating the capabilities of local firms for designing
local content policies (particularly in emerging
economies). The first explained the benefits of incorporating a
dynamic perspective when evaluating firms’ capabilities. The
second introduced a tool for assessing firms that captured
the likelihood of these companies developing appropriate
capabilities in the future to meet the needs of resource rich
countries. This paper presents an analysis based on the
descriptive statistics gathered in Uganda – the case study we
have been using in developing a framework for analyzing the
opportunities for maximizing the value extracted from natural
resource developments. The final paper will include statistical
tests and develop indicators for estimating firms’ capabilities.
Understanding the capabilities of local firms is the first step
toward developing sound local content policies (LCP). In
the case of Uganda, a soon-to-be oil producer, having a
good understanding of the capabilities of companies in the
country based on economic concepts, managerial principles
and from an oil industry perspective, can help policymakers
develop the right local content policy objectives. The survey
conducted and reviewed in this paper serves as an example
of how to estimate these capabilities in new natural resource
producing nations.
In recent years, many resource holding emerging economies
have promoted local content policies as a mechanism to
obtain greater economic benefits from the exploitation of their
oil and mineral resources. However, countries that are new to
oil and gas activities lack information regarding the potential
of their local firms to participate in the petroleum supply chain
or rely on studies conducted by international oil companies
(IOCs). This research adds an additional perspective by
incorporating the concepts of absorptive capacity and
innovation to the typical dimensions that are relevant to
the oil industry. These concepts relate to the underlying
attitudes and behaviors that support the performance and
competitiveness of local firms. This combined perspective
provides a wider array of analysis to policymakers as well as
institutions or companies interested in developing local firms.
This paper focuses on a high-level descriptive analysis of
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Ugandan firms. A future paper will complement the descriptive
analysis developed here, focusing on tests and building
indicators for estimating a firm’s capabilities with the aim of
providing more specific recommendations to policymakers.
Table 1 provides a summary of the main results of the survey.
In the Appendix, we show how the sample was designed.
The underlying data of this study is based on a survey
directed by KAPSARC in cooperation with local partners,
including 263 face-to-face interviews with Ugandan firms
in the field. The Economic Policy Research Center (EPRC)
of Makerere University was our primary collaborator in
conducting the survey while staff from the Ugandan Bureau of
Statistics (UBoS) helped select the sample of relevant firms
to be interviewed. The sample was randomly selected from
the latest enterprise census of Uganda including 10 economic
sectors that are likely to have linkages with the oil and gas
industry, and are distributed geographically.
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Our Tools and Datasets
A core part of our mission at KAPSARC is to equip
stakeholders with the models, tools and data to make the
most educated and informed decisions possible.
We have invested in the development of several analytical
platforms, some of which have resulted in tools and datasets
that we are now making available through our website. The
model codes can be downloaded and any data that are not
proprietary to third parties can be downloaded and reused
freely. The current key platforms are:

KAPSARC Energy
Data Portal

T

his easy-to-use data portal
is a source of critical energy
data, enabling users to better
understand energy, economy and
policies. We focus on identifying key
energy information sources from
Saudi Arabia, the GCC, India, China
and East Africa, as well as selected
global energy data.
The energy datasets cover 16 themes:
crude oil and refined products, natural
gas, coal, renewable and alternative
fuels, nuclear, electricity, water,
transportation, industry, residential,
agriculture, environment, economy,
demography, trade, and policies.
The datasets can be exported in
CSV, JSON, and EXCEL formats or
accessed using API for use in mobile
and web applications.
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KAPSARC Energy
Model for Saudi Arabia
(KEM-SA)

K

EM-SA been developed to
understand the dynamics of
Saudi Arabia’s energy system.
It is a partial economic equilibrium
model that characterizes some of
the major energy producing and
consuming sectors in the country.
The sectors represented are: electric
power, petrochemicals, refining, water
desalination, upstream oil and gas, and
cement production.
Each sector is contained within its
own sub-model and acts as an agent
that makes decisions on fuel usage,
investment and technology to minimize
its cost or maximize profit. The model
is being expanded to include more
sectors from the demand-side of the
economy.

KAPSARC
Global Energy
Macroeconometric
Model (KGEM2)

K

GEM2 is a domestic policy
analysis tool that captures
the interactions between the
Kingdom of Saudi Arabia and global
economies. Unlike commonly available
models, KGEM2 takes into account the
importance of the energy sector in the
Kingdom and the growing significance
of the domestic economy as a driver
of domestic demand and, hence,
available oil exports.
This easily customizable macroeconometric model, covers the real,
monetary, fiscal, external energy
and labor sectors of the Kingdom’s
economy; allowing stakeholders to
evaluate different policy scenarios
such as energy price reforms, fiscal
policy changes and the impacts of
different oil price regimes.
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KAPSARC Toolkit for
Behavioral Analysis
(KTAB)

T

his toolkit comprises a
suite of building blocks for
analyzing collective decision
making processes (CDMPs). These
can include political bargaining,
commercial negotiation and any
multi-stakeholder issue where
an understanding of how each
player’s attempts to maximize their
own positions drives the ultimate
settlement (or not). The software
for each type of CDMP is available
and we are building a library of
illustrative applications to help
users understand the limits and
benefits of this type of analysis.

KAPSARC Solar
Photovoltaic Toolkit

T

his toolkit and dataset are
intended for any individual
or institution interested in the
solar photovoltaic (PV) industry and
its cost trends. It compiles capital
costs (CAPEX) and levelized cost
of energy (LCOE) data for PV
technology by year and country, and
presents the data in an interactive
manner. In addition to the interactive
dataset, the raw dataset is provided
in Microsoft Office Excel should the
user wish to perform his/her own
post-processing. An LCOE analyzing
tool, specifically tailored for solar
PV technology, accompanies this
toolkit, enabling the user to aquire
the LCOE using the capacity factor
or solar irradiation.
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Our Tools and Datasets

KAPSARC Vehicle
Fleet Model

T

his scenario model enables
policymakers to explore
the incremental user cost
implications of different passenger
car powertrain technology choices.
The context for the analysis is a future
where today’s low carbon powertrain
technologies are fully developed
and manufactured at scale. Driving
behavior input is based on today’s
data, however, provision is made
in the model for behavioral change
scenarios to be tested.

Other platforms/
datasets

W

e have built a data
transformation team that
serves our internal research
needs but will also increasingly release
curated data resources to all our
stakeholders. These will grow over
time in both the breadth of their scope
and the area of coverage.
For more information email
datasource@kapsarc.org

Aimed at simplicity and transparency,
the model does not include all the
detailed complexity of the problem but
aims at adequately capturing the main
factors that influence the incremental
user cost of different passenger car
powertrain mixes. It has also been
designed to make it easy for the user
to improve and update the input to
the model as new evidence becomes
available.

KAPSARC India
Renewable Energy
Policy Atlas

W

e have developed a
web-based energy
policy reference tool that
systematically describes energy
sector policies. This tool, also of use
to external researchers, is intended
to facilitate better understanding of
policy instruments and track evolution
of policies from draft to enactment
worldwide.
KAPSARC has released part of this
research in a Solar Policy Atlas,
which provides specific, state and
national level coverage of policies in
India. It presents a policy landscape
using large numbers of policy design
elements that are relevant in different
geographies to gain holistic insights
of policy frameworks and make
comparisons. Each policy design
element has a comprehensive
description in the context of India
and is intended to improve the
understanding of the subject at
national and state levels.

KAPSARC develops
economic frameworks to
reduce the overall costs and
environmental impacts of
energy supply, increase the
value created from energy
consumption and achieve
effective alignment between
energy policy objectives and
outcomes.
We collaborate with leading
international research centers,
public policy organizations,
and industrial and government
institutions, freely sharing
our knowledge, insights and
analytical frameworks.
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Growing Our Global Team
In the last quarter, the following individuals joined
our Research Team:

Dr. Jennifer Considine
Jennifer is a research fellow in the
Markets and Industrial Development
team with over 25 years of experience
in the energy industry. At KAPSARC,
her areas of expertise include world
oil markets, the Russian oil industry,
econometrics and geo-spacial
forecasting and modeling, options of
pricing and derivatives markets, high
frequency trading, and technology.
Prior to joining the Center, Jennifer
worked in numerous companies and
research institutions in Europe and
North America including: the Center
for Energy, Petroleum, and Mineral
Law and Policy – Scotland; the U.S.
Federal Reserve Bank, the University of
Michigan, and ANR Pipeline Company
– U.S.; and the Canadian Energy
Research Institute, TransCanada
Pipeline, Westcoast Energy, and Duke
Energy – Canada.
Jennifer holds a Ph.D. in Economics
from the University of Aberdeen, an
M.A. in Economics from the University
of Chicago, and a B.A in Economics
from the University of Calgary. She is
also a former member of the Board of
Directors of the Canada Post.

Faisal Al-Ghamdi
Faisal is a research associate in the
Policy and Decision Science team,
focusing on geopolitical analysis and
national security policies. Previously
he worked with the National Security
Department at the University of New
Haven in Connecticut, U.S. as a
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research assistant, and as an analyst at
the university’s Institute for the Study of
Violent Groups.
Faisal has completed internships in the
fields of political and national security,
including as a political analyst for The
Congressional and Political Affairs
Department at The Royal Embassy of
Saudi Arabia in Washington D.C. He
also gained a decade of experience in
the banking sector before moving to the
U.S.
Faisal holds a master’s and a bachelor’s
degree in national security studies and
a bachelor’s degree in political science
from the University of New Haven, U.S.

Yagyavalk Bhatt
Yagyavalk is a senior research analyst in
the Energy Transitions and Environment
team, with research interests in energy
markets, renewable energy transition
and climate finance.
Focusing on the Indian energy market
and power structure, he is currently
working on the Center’s energy
model for the India power sector, and
Renewable Energy Atlas for the Middle
East and North Africa, and South Asian
regions.
Yagyavalk holds a Bachelor of
Engineering in Electronics and
Communication and a Masters of
Technology in Renewable Energy
Engineering and Management from
TERI University, India.
He previously worked at KAPSARC as
a research intern during his master’s

course. Other roles include working
as a junior research fellow with the
Himalayan Environmental Studies
and Conservation Organization in
Uttarakhand, India and in association
with central and state government,
providing sustainable development and
decentralized renewable energy system
solutions to the rural sector of North
India; and working at IBM India as a
software developer.

Saleh Al Muhanna
Saleh is a research analyst within the
Policy and Decision Science program,
with an interest in policy and geopolitical
research.
He holds a master’s degree in
international commerce and policy from
George Mason University, U.S. and a
bachelor’s degree in economics from
Pennsylvania State University, U.S.
Saleh has authored a paper titled
“Brexit, the German Perspective” which
was published in the International
Journal of Scientific and Engineering
Research.

JOIN US AT KAPSARC
KAPSARC is searching for
talented and open-minded
thinkers to add to our growing
research and business
management teams.
Visit our careers website at
www.jobs.kapsarc.org
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About KAPSARC
Our Mission
To advance understanding of
energy economics and act as a
catalyst for dialogue, charting
a path to better welfare for
societies, locally and globally.

Our Values
We strive to combine creativity
and rigor in our research and
operations.
We achieve results with
effective teamwork and
collaboration.
We seek to maximize positive
societal impact.

About Us
Affordable, sustainable energy underpins the growth of a country’s economy
and the wellbeing of its citizens. Yet effective energy policy is one of the
greatest challenges for governments and other stakeholders across the globe.
KAPSARC was founded as a global non-profit institution for independent
research into the economics of energy and understanding its complex
intersections with energy policy, technology and the environment with the
objective of contributing to societal wellbeing and prosperity.
From our base in one of the world’s most important energy-producing regions,
KAPSARC develops economic frameworks to reduce the overall costs and
environmental impacts of energy supply, to increase the value created from
energy consumption and to better understand energy policy such that policy
objectives and outcomes are better aligned.
We collaborate with leading international research centers, public policy
organizations, and industrial and government institutions through workshops,
joint papers and the development of open-source datasets and tools, freely
sharing our knowledge, insights and analytical frameworks.
KAPSARC studies topics of global scope with a particular focus on the Kingdom
of Saudi Arabia, the GCC, China and India.

Our Focus Areas

