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Introduction

As countries grapple with decarbonization commitments, more than 25 governments have
released strategies for accelerating hydrogen market development through 2050 (see
Appendix). These strategies include a variety of priorities, such as carbon intensity
standards (See figure 1) for hydrogen production, durable supply chains, investment
portfolios, policy incentives, workforce transition, international collaboration, gas standards,
infrastructure, repurposing, and production targets. A key thread across most of the
strategies is the need for consistency in regulatory and other policies to support the
development of a global hydrogen market. Another important component of these strategies
is acknowledging the need for alignment on what “clean” hydrogen production is,* a concept
interpreted differently depending on the country or region.

Figure 1. More than 25 governments have determined a strategy for hydrogen according to IEA and many of
those governments are within the European Union (EU), which has its own hydrogen strategy

‘ Country-Level
‘ Hydrogen Strategies

EU & Country-Level
Hydrogen Strategies

EU Hydrogen
Strategy

1 The Department of Energy (DOE) defines clean hydrogen as having a carbon intensity of 2 kg or less of carbon-dioxide
equivalent (CO2ze) produced at the site of production per kg of hydrogen produced. However, the recently signed Inflation
Reduction Act of 2022 (IRA) provides tax incentives for clean hydrogen production to projects with less than 4 kg COze/1
kg H: lifecycle emissions, which includes scope 1 and 2 emissions.
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In addition to the over 25 countries that have announced hydrogen goals, there are at least
20 additional governments with plans to release formal strategies in the next two years. As
more countries gain interest in hydrogen as an energy commodity, establishing a rule-based
market system that leverages the unique policy levers of different countries will be
paramount for driving down costs and fostering international trade.

The Middle East and North Africa (MENA) region has several ongoing hydrogen projects
but, like many other countries, has no guiding regulatory framework. The global need for
deep decarbonization, an abundance of renewable energy capacity, and strategic
geography offers an important opportunity to diversify away from oil and gas exports. There
is a further opportunity to build a regional clean hydrogen economy and create a new export
market as regional and global hydrogen demand grows.

The MENA region is well positioned to develop hydrogen markets for both green and blue
hydrogen by utilizing natural gas reserves, deploying renewables, and leveraging existing
knowledge of energy export markets.! OPEC Member Countries in MENA together have
around 80 trillion cubic meters of proven gas reserves, which represents about 43 percent of
global totals." Additionally, MENA is geographically well positioned to deploy renewables at
scale, which could be used to produce green hydrogen via electrolysis of water. Both blue
and green hydrogen, have a role to play in the low-carbon hydrogen economy of the future.
MENA countries can leverage both production pathways to deliver clean hydrogen to
industrialized countries with aggressive decarbonization targets.

The MENA region can become a valuable exporter of clean hydrogen by 2030, helping
importing countries meet their ambitious targets. For example, Saudi Arabia and Germany
have already signed a green hydrogen agreement to help Germany supply 90 to 110 TWh
of energy by 2030.7"V Other countries, such as Japan, France, South Korea, and Germany
that are constrained by limited resources, may look to MENA as a reliable exporter of
hydrogen to meet their own ambitious energy targets. This paper is a summary of current
reporting on the opportunities and challenges; and, is meant to set the stage for discussion
on question areas facing traditional energy-producing nations as they aim to become a
frontrunner in the nascent global hydrogen market. Subsequently, investment in the full
value chain will play a significant role in shaping country strategies.
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Figure 2.

Key Terms

Clean Hydrogen: As defined by the U.S. Department of Energy, is hydrogen produced
with a carbon intensity of 2 kg or less of carbon-dioxide equivalent produced at the site of
production per kg of hydrogen produced. (hitps:/afdc.energy.gov/fuels/laws/HY ?state=US)
However, the Inflation Reduction Act (IRA) and other countries have different definitions
for low-carbon hydrogen, which account for lifecycle emissions.
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1. Regulatory Framework

There is currently no global hydrogen market; supply, demand and prices for hydrogen are
largely based on bilateral contracts for its use as a specialty chemical. While some countries
have existing regulations associated with current forms of hydrogen production, consistency
and, if necessary, further expansion to include new uses and technologies are needed. As
such, there is no regional or global regulatory or pricing structure for managing hydrogen as
an energy commodity. The ongoing need for a fuel for industry and for power generation
absent breakthroughs in long-duration storage offers an incentive for governments, industry,
and other interest groups to form consistent regulatory frameworks and clear definitions for
safe handling (including shipping), clean hydrogen, product quality, storage requirements,
pipeline regulations, and appropriate levels of blending with natural gas.

Safe Handling. To limit health and safety risks from hydrogen or a hydrogen carrier,
hydrogen equipment must be inspected and routinely maintained. Especially for toxic
substances, like ammonia or methanol, permissible exposure limits should be determined
and communicated to those handling the substances. Some countries, including the United
States, have already established such requirements; these could inform global practices."

The materials that hydrogen or hydrogen carriers are transported in should also be
standardized to avoid premature embrittlement or losses in tensile strength, ductility, and
fracture toughness, which could ultimately result in failing pressure containment. Thus,
ubiquitous guidelines for using specific types of materials, such as aluminum alloys, copper
alloys, or low-alloy ferritic steels, must apply globally. In the event of an accident, incidents
should be investigated for causality and corrected accordingly by the appropriate
international or national agency.""

Clean Hydrogen. Countries planning to export hydrogen should develop carbon intensity
benchmarks for domestic production to align with international buyers. Some nations, such
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as the United States, are opting for technology-neutral approaches? for hydrogen
development and are focusing on carbon intensity benchmarks to develop clean hydrogen
standards. More than 20 countries have been coordinating since 2019 to harmonize
emissions analysis methodologies and boundary conditions for hydrogen pathways through
the International Partnership for Hydrogen in the Economy’s (IPHE’s) Hydrogen Production
Analysis Task Force (H2PA TF), which is co-led by the U.S."i' Similarly, Saudi Arabia has a
technology-neutral approach reflective of the circular carbon economy framework it adopted
in 20203. Other countries have indicated that they would consider hydrogen clean only if it
is produced by renewable electricity, e.g., solar and wind.

The definitions that countries and policies use is important, especially as a market develops.
Several leading nations in hydrogen development have their own definitions for low-carbon
hydrogen. Examples of this variation in standards can be seen in the United States (EPA,
Infrastructure and Jobs Act), the United Kingdom, the European Union, Australia, China,
and Japan.

Ensuring that producing countries, are producing hydrogen that is aligned with the GHG
allowance of other countries will require clear articulation in commercial agreements such as
— contracts, letters of intent, and memorandums of understanding.

Fuel Quality. Countries planning to produce hydrogen should develop fuel quality standards
to ensure compatibility with international standards and end-use applications. As new end
uses for hydrogen are commercialized, typical hydrogen quality* of 95-99 percent may no
longer be sufficient. For example, fuel cell vehicles require high-quality hydrogen® with a
purity level of 99.97 percent.* Excessive impurities such as sulfides or particulate matter can
degrade fuel cell performance or irreversibly damage fuel cell components. There are many

2 Technological neutrality means applying no constraints or prescriptions on choices of technology or equipment, within the
bounds of compatibility and interference avoidance, in this case, the carbon intensity of the hydrogen produced.

3 Saudi Arabia pioneered and adopted the Circular Carbon Economy Framework which was unveiled during Saudi Arabia’s
presidency of the G20 in 2020. The framework emphasizes a technology-neutral approach to addressing fugitive carbon
emissions and highlights that emissions can be managed through any of the 4 mitigating options: “Reduce”, “Reuse”,
“Recycle” and “Remove”.

4 Hydrogen purity or hydrogen quality describes the presence of impurities in hydrogen when used as a fuel gas. Impurities
in hydrogen can interfere with the proper functioning of equipment that stores, distributes, or uses hydrogen fuel.

5 Hydrogen quality for FCEV and hydrogen refueling stations in the United States may be influenced by SAE J2719
Hydrogen Fuel Quality for Fuel Cell Vehicles and two international standards: 1ISO14687-2:2012 and ISO/DIS 19880-8.
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technologies available to producers to remove different impurities, including pressure swing
absorption (PSA), permeable membranes, and metal hydrides, but using just one type is
often insufficient to achieve the purity needed and increases the cost of production.*
Contaminants and hydrocarbon standards are part of what create the “grades” of pure
hydrogen: pure hydrogen (hydrogen purity = 99.99%), high pure hydrogen (hydrogen purity
> 99.999%), and ultrapure hydrogen (hydrogen purity = 99.9999%).%

Countries that are looking to export hydrogen should regulate domestic hydrogen production
in line with the purity standards of the target countries. Like the carbon intensity
benchmarks, hydrogen purity standards vary from country to country. In China, for example,
the purity standards for hydrogen are no less than 99.97 percent, which is greater than that
of industrial hydrogen but less than that of hydrogen for the electricity sector.! Additionally,
the UK’s Department of Business, Energy, and Industrial Strategy recommends a minimum
hydrogen purity standard greater than 98 percent.¥ It is important to consider the target
country and end-use application when identifying appropriate hydrogen quality standards.

Blending Levels. If hydrogen is integrated into existing natural gas systems, compatibility
with pipeline materials and end-use systems must be determined to establish the
appropriate blend ratios. In the United States, blending hydrogen into aging natural gas
infrastructure carries serious risks of steel embrittlement and complications with compressor
stations or gas meters even at low blend rates of five to 10 percent. Recent studies show
that residential and commercial application limits are 20 percent hydrogen content, with
limited benefits for emissions reductions.® Natural gas transmission and distribution
systems, as well as intended end-use applications, should be analyzed on a case-by-case
basis to determine the appropriate blend ratios that ensure safety for surrounding
communities. XV

Storage. Developing a regulatory framework for hydrogen storage requires careful
consideration of a country’s natural resources and a cost-benefit analysis of transportation

6 Research conducted by Energy Innovation argues that blending hydrogen into natural gas pipelines is not a viable option

for reducing greenhouse gas emissions or minimizing costs to consumers due to low blend percentages and incompatibility
with end use systems.® Natural gas pipelines can only handle low hydrogen blends before imposing safety risks, and such

blends max out on reducing GHG emissions by a mere 6 to 7 percent® as hydrogen has around a third of the calorific value
of natural gas by volume.
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methods. Hydrogen can be stored as a pressurized gas, cryo-compressed gas, or as a
liquid.*¥ Cryo-compression and liquefaction deliver the highest energy density of hydrogen;
these processes are, however, energy intensive, and hydrogen can be lost in transit due to
boil-off.” Storage options for hydrogen include pressurized or cryogenic tanks or
underground geographic formations such as salt caverns or empty oil and gas formations,
which can hold much greater volumes.*Vi

Leakage. Mitigation of hydrogen leakage throughout the value chain is critical if the greatest
climate and economic benefits are to be realized through the creation of a hydrogen
economy. There are concerns of leaky infrastructure due to the high leakage rate of
methane throughout the natural gas value chain and hydrogen’s high rate of permeability .2
Additionally, the climate impact of modeled leak scenarios is not negligible as pure hydrogen
is a greenhouse gas, albeit a short-lived GHG, and can contribute to global
warming.Vixviixx \When building out a hydrogen value chain, regulators should ensure that
there are ample sensors and other leak detection safeguards in place.

As hydrogen regulation is in its nascent stage, countries seeking to contribute to a global
hydrogen market should play an active role in developing governance and regulatory
principles for hydrogen trade. Although countries are beginning to develop carbon intensity
benchmarks (Figure 1) and over 25 nations have announced hydrogen strategies, clear and
consistent regulations for global markets, such as those outlined in this framing paper, have
not yet been implemented. This represents an opportunity for countries, such as Saudi
Arabia, to be a part of this global decision-making process.

7 Boil-off losses occur when gaseous hydrogen has to be released from a cryogenic tank due to liquid hydrogen
evaporating.

8 Hydrogen has a high permeation coefficient that allows hydrogen gas to leak through polyethylene (PE) pipeline walls,
which is the most common material in the U.S. natural gas distribution network. Hydrogen’s permeation rate is about 4 to 6
times faster than for methane in typical polymer pipes. It can also leak through the threads or mechanical joints in steel and
ductile iron and through elastomeric seals at joints, but permeation through sidewalls accounts for most gas losses.
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The many challenges and opportunities highlighted in the section above
require further exploration. Below are some key questions for
discussion:

» What regulations should a global market be guided by? Are they.
local/national issues only or are standards across boundaries
needed for transportation?
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2. Policy Incentives

There is currently no robust global hydrogen economy because hydrogen is more expensive
than other fuels and energy carriers. Robust policies could help reduce the associative costs
of producing, transporting, and using hydrogen. The following section explores the
advantages and shortfalls of policy frameworks designed to spur global hydrogen market
formation.

Policies favoring hydrogen market development are important for building global hydrogen
infrastructure and decarbonizing hard-to-abate sectors.® Without new policies, there will be
limited penetration into new markets that need decarbonization options, as well as
insufficient research and development (R&D) into the technologies needed to enhance the
value of the hydrogen option. Several policies merit discussion in the context of hydrogen
including, but not limited to, those that address investment risks, emissions, emissions
trading schemes, carbon taxes, competitive auctions, grants or loans, alternate revenue
streams, guaranteed off-takers, and targets or quotas. Policies should also be put in place to
address workforce displacement and vulnerable communities in the global energy transition.

Carbon Pricing

Cost is a key obstacle to the uptake of hydrogen within the energy system, particularly in
countries only considering hydrogen production from renewable energy sources. Tax
policies can provide effective instruments that incentivize switching from unabated fossil
fuels. Where emissions trading schemes are in place, a higher price on emitted carbon
could be a particularly effective incentive to enable a switch to hydrogen fuel. A carbon tax is
another option, for example, Norway's Climate Action Plan 2021-30 proposes to raise the
carbon tax from NOK 590 (USD 69) per ton of carbon-dioxide equivalent in 2021 to

NOK 2,000 (about USD 233) by 2030. Norway'’s carbon tax rate is among the highest and

farthest reaching in Europe as it covers more than 80% of national emissions. The country’s

9 The Hard-to-Abate sectors can be divided into heavy industry: cement, steel, and chemicals such as plastic and heavy-
duty transport such as road trucking, container shipping, and aviation.
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carbon tax provides a strong price signal to encourage increased investments in renewable
energy and low-carbon technologies.* Other options look at lowering taxes for hydrogen
fuels with reduced transportation-related fees (tolls, parking, etc.) for hydrogen-fueled
vehicles and vessels, or by exempting producers from electricity levies to encourage their
uptake

Carbon pricing is not politically palatable in some significant hydrogen supply and/or
demand potential countries, but it offers one of the most direct ways to reduce emissions
rapidly, using a market-based approach. In a cap-and-trade system (an emissions trading
program), a hydrogen producer could release emissions up to a certain threshold before
needing to buy permits to release additional emissions into the atmosphere. If the
abatement costs of retrofitting with capture and storage are less expensive than the total
cost of permits needed to cover the facility’s emissions, that facility would make the
economic decision to deploy capture and storage. On the other hand, if a facility produces
very low emissions, it can sell excess permits for revenue.

As of May 2021, there were 64 carbon pricing policies in operation and three scheduled for
implementation (see Figure 3). These included both carbon taxes and emissions trading
schemes (ETS), covering about 22 percent of global emissions. i In 2020, carbon pricing
instruments generated $53 billion in revenue globally. This is an increase of around $8
billion compared to 2019, largely due to the increase in the EU allowance price* More
governments are adopting net zero targets and we are beginning to see more ambitious
carbon pricing instruments. Thus, is incumbent that producers have mechanisms to
accurately account for carbon emissions embedded in their export products.

Carbon pricing policies can help address price barriers that inhibit low-carbon development.
However, their effectiveness is limited if not used with other policies that can enhance and
complement, by tackling other climate change challenges. For instance, sector-specific
regulations and other targeted incentive mechanisms (e.g., research and development
funding) may be necessary to enable investments in technologies requiring long lead times
to develop and deploy. Other complementary measures are also needed alongside carbon
pricing policies to tackle nonprice barriers and to reduce emissions in sectors not covered by
carbon pricing.*V
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Figure 3: Map of Carbon Taxes and Emissions Trading Systems*
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However, carbon taxes are indirectly tied to the social cost of carbon,® which includes the
negative externalities of releasing carbon into the atmosphere.®V Like a gas tax, there are
equity concerns about consumers disproportionately paying for the rising cost of carbon
through the products that they buy. To address these concerns in the U.S., the Climate
Leadership Council has developed “The Four Pillars of Our Carbon Dividends Plan,” which
includes carbon dividends for American citizens, significant regulatory simplification, a
border carbon adjustment, and expansion of the carbon dividend framework to other
countries!!. There are also issues associated with the methodologies used to ascertain
Scope 2 and 3 emissions!! associated with hydrogen and the range of fuel and technology

10 The economic costs, or damages, of emitting one additional ton of carbon dioxide into the atmosphere.

11 Scope 1 emissions are direct greenhouse (GHG) emissions that occur from sources that are controlled or owned by an
organization. Scope 2 emissions are indirect GHG emissions associated with the purchase of electricity, steam, heat, or
cooling. Scope 3 emissions are the result of activities from assets not owned or controlled by the reporting organization, but
that the organization indirectly impacts in its value chain.
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options. Thus, establishing consistency between various national carbon pricing regimes will
be necessary to avoid unintended consequences and gamesmanship. Another way to
minimize adverse effects is to offer dividend payments from the collected tax to communities
that may be impacted. At the right price, a carbon tax could raise the cost of producing
hydrogen at reformation or gasification plants above clean hydrogen facilities on a per unit
basis.

Subsidies

A government can directly fund hydrogen through various programs, as clean hydrogen
production cost curves continue to decline. Carbon Contracts for differences (CCfDs), for
instance, add nuance to the carbon pricing scheme by setting a fixed cost of carbon over a
period of time (i.e., strike price). If the COz2 price is lower than the strike price, then the
government would pay the difference to the investor. However, if the strike price is higher,
private companies would need to reimburse the government (see Figure). In some cases,
CCfDs do not require a private company to pay back the government.*Vi In the case of
hydrogen, the price of the contract can work by considering the difference between a
conventional SMR and an electrolyzer lifecycle emissions. One way to determine which
projects receive a CCfD is through a competitive auction system to determine what that
strike price may be.

Figure 3: An example of how a CCfD could work in the EU for a private entity and a government
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Governments can also deploy a range of tax credits, research and development grants and
loans, prize money, and feed-in tariffs, which all have proven beneficial for other clean
energy technologies such as solar and wind. In cases where hydrogen is used as a storage
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medium to improve grid reliability and flexibility, direct payments could be made to an
energy supplier. By bringing down costs of clean hydrogen in the interim, using R&D to
further lower costs, and paving the way for new applications of hydrogen entirely, hydrogen
as an energy commaodity could be accelerated as an accessible resource in regional and
international markets.

Government-backed contracting mechanisms

A way for governments to encourage clean hydrogen production is to work with private
companies as a guaranteed off-taker. In other words, governments could enter long-term
commercial contracts to buy specified amounts of hydrogen or hydrogen-based products
(e.g., steel) at an established price. Such a policy solution is not only an option for hydrogen
but carbon as well, the latter of which can struggle to find revenue streams in the case of
permanent sequestration. Vil Another way for a government to encourage investment is to
offer a sovereign guarantee of obligations and assume some of the project risk, such
guarantees can ensure payments in the event of default. De-risking the hydrogen business
by encouraging long-term contracts that offer guaranteed revenue would further help
companies attract investors, new developers, and meet government quotas or targets.

Incentivizing Carbon Sequestration

Hydrogen market development could benefit from policies that support the capture and
sequestration of carbon from hydrocarbon-related hydrogen production, such as methane
reformation or coal gasification plants. Once the carbon is captured, if it is not utilized it must
be stored. While there are multiple utilization options to monetize CO? - such as enhanced
oil recovery (EOR), chemical production, food and beverage, and carbon-cured concrete -
permanent storage will require a significant role in reaching net-zero. Participation in a
government-supported carbon market may offer a way to keep such businesses profitable.
A tax credit for sequestering carbon is desirable to deploy capture at fossil-intensive
facilities. In the United States, for example, 45Q offers $85/t for storage, recently codified in
the Inflation Reduction Act.** Another option may be to allow facilities with capture to
participate in low carbon fuel standard (LCFS) markets, so they can receive credits for the
capital-intensive process of capturing, transporting, and storing carbon.
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Assisting Workforce Transition

As oil and gas demand declines in favor of cleaner energy sources, those with experience in
those industries will require training to facilitate the energy transition. Both governments
and the private sector will need to offer specialized skills training in the new technologies of
the hydrogen production value chain. Policies that encourage companies to hire workers
from those industries and offer them the support they need to succeed are among the most
promising for ensuring skilled laborers are not left behind or choose to exit the workplace.

This could be further supported by complementary policies that encourage domestic
manufacturing within the hydrogen supply chain, the creation of jobs through infrastructure
development funds, and ensuring competitive wages for the jobs that are created through
heavy investment.
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3. Appendix —

Summary of Key Hydrogen Targets Across
Hydrogen Strategies
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Mt by 2000

Capacity of 150 MW by 2026

Beigium demand 1o reach 125178 TWhiyr by 2080
for both hydrogen and s denvabives

Import renewable mokecukes of 3 8o & TWh by 2030,
100 to ¥68& TWh by 2080 from other countries

Eleciralyser capacities:
SGE by 2030
15GW by 2045

These capacities could supgply the poterial demand of Z2-42TWh by 2030,

noreasing fo 44-B4TWh by 2045

4 k¥ H2 pa produchon by 20380
&.2% of total final energy consumption

20 &t H2 pa production by 2080
30%; of total final energy consumption

& GW eleciralysis capaaty cperating and under dewelopment by 2028
25 W in projects with commised funding by 2030

13 GW installed capadty by 2030 (green)
50 kit H2 blue

Demand: 18118 kit HZ by 2080,
120 bkt H2 by 2020

Transport:
1, 5002000 LD FCEVS
1,000-1,800 HD FCEVs
80100 HRSs
40r% low carbon H2 in total induwstry H2 comsumption

Paper states i will b= necessary bo install BXOMW capacity or SkeHly by

20030 1o meet government fossil fuel reduction target of 208 by 2030

ET: H2U piict scheme 158 kil
MT: Picts for other energy uses [ammonia, methanol, marine fusl). More
tran 10 KO
LT: Exporiation. More than 150 M

Lang term stralegy to be detaied beginming of 3022

Green hydrogen
{electrolysis)

Bluss hydragen
(fossil fued with COUS)

Green hydrogen
{electrotysis)

Bius hydragen
(fossil fuel with COUS)

Renewable hydrogen
green hydrogen)

Low=cartsan hydrogen
(fossil fued with COUS)

Green hydrogen
{electrolysis)

Green hydragen
{electrotysis)

Biue hydrogen
(fossil fuel with COUS)

By-product

Green rrpdn:!gm
{electrolysis)

Green hydrogen
{electrolysis)

Blus hydragen
(ol fued with COUS)

Green rrpdn:!gm
{electrolysis)

Green hydragen
{electrotysis)

Source Vanous sources, dats compaled by Goldman Sachs Globsl |reesiment Resasrch
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xix hitps://www.energypolicy.columbia.edu/research/commentary/hydrogen-leakage-potential-risk-hydrogen-

economy

XX https://www.oecd-ilibrary.org/sites/59e71c13-en/index.html?itemlId=/content/publication/59e71c13-en

xi hitps://www.worldenergy.org/assets/downloads/Working Paper - National Hydrogen Strategies -
September 2021.pdf pg. 10

xi https://openknowledge.worldbank.org/handle/10986/35620
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