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years, the World Energy Council has been committed to a sustainable energy supply for the
benefit of all people worldwide.
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Introduction

Hydrogen can play a significant role in a future energy system. Based on renewables it can
serve as an important link between intermittent wind and solar electricity production and energy
consuming sectors traditionally relying on a chemical energy carrier that can be stored in bulk
gquantities and converted to electricity or heat at the point of use. However, implementing
hydrogen at relevant scale including its production, transport, distribution, and use requires
governmental support as well as a beneficial policy and regulatory environment allowing for a
positive economic outlook for industrial deployment.

As a result, major economies around the globe are currently assessing their position and are
discussing, preparing, and agreeing on dedicated hydrogen strategies. Our study analyses
government action for hydrogen in 16 countries (United Kingdom (UK), Japan, South Korea,
Australia, the Netherlands, France, Italy, Spain, China, Ukraine, Germany, Switzerland,
Morocco, Californial, Russia, and Norway) and in the European Union. It focuses on the
respective national goals, targeted sectors and infrastructures, current support measures,
requirements on the hydrogen used, and achievements so far. The aim of the analysis is to
provide an informed factual input to policy discussions and corporate decision-making.

Quickly emerging hydrogen strategies indicate dynamically growing market

= By 2025 hydrogen strategies can be expected in countries representing over 80%
of global GDP

In a high-level review of countries representing over 90% of global GDP we found that 20
countries representing 44% of global GDP already have a national hydrogen strategy or are
on the verge of doing so within the coming months. Additionally, another 31 countries (another
44% of global GDP) are supporting national projects and discussing policy action.

The comprehensive nature of existing and emerging hydrogen strategies, covering relevant
application sectors, serving environmental as well as economic goals, is a clear manifestation
of the important role the technology is expected to play.

US federal states follow their own strategies with regard to clean transport and energy supply; the study
team has chosen to include California in the analysis as it is the most advanced US state in that respect.
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Analysis of 56 countries for their hydrogen activities (August 2020)

Hydrogen activities are well spread around the globe with major interest being located in
Europe, in the Asia and Pacific region, as well as in the Americas.
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International status of hydrogen activities of national governments (August 2020)

Most strategies have been developed and announced recently, i.e. in 2020 or in late 2019,
(AU, NL, NO, DE, EU, ES). Only three of the selected countries have a strategy older than one
year (JP, FR, KR).
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= Hydrogenis clearly recognised as an essential element of adecarbonised energy
system

Main drivers for this development are GHG emission reduction goals, the integration of
renewables, as well as the opportunity for economic growth. While national strategies differ in
detalil, reflecting particular country interests and industrial strengths, there is a clear and lasting
international momentum behind the universal recognition that hydrogen is an essential and
indispensable element of a decarbonised energy system.
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Relevance of strategic goals across the selected countries
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= Scaling demand expectations for 2050 indicates a global hydrogen potential of
up to 9000 TWh

Not all countries quantify the expected national hydrogen demand in their strategies, but the
ones that do are all in a similar ballpark with respect to the respective size of the economy.
Scaling upper hydrogen demand expected for 2050 in national strategies to global level based
on GDP indicates a potential of up to 9000 TWh or around 270 million tons of hydrogen per
annum. This is an amount as large as the annual primary energy currently provided globally
by renewables.
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= In countries with high energy needs, a substantial share of the H, demand will
be served by imports, initially on the basis of bilateral agreements

While hydrogen production from renewable energy offers an opportunity for a higher degree
of energy independence, densely populated countries with high energy needs are realising the
limits of domestic production capacities. Notably, Japan, South Korea, and Germany expect
to develop significant import capacities. As these require large investments in production
capacity in the exporting countries as well as in the associated logistics infrastructure along
the supply chain on both sides, initial developments will likely build on bilateral agreements,
de-risking the capital employed.

= [nitial applications focus on the transport and industry sectors

Target sectors of national strategies notably include transport and industry, the latter
particularly in countries with a strong industrial sector and a high priority on greenhouse gas
reduction.

The range of applications addressed by a strategy often depends on the time when it was
conceived as well as on the ambitions for GHG emission reduction. Typically, newer and more
ambitious strategies are characterised by higher and more prominent GHG emission reduction
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targets, leading to a higher relevance of the industry, building, and power sectors as significant
hydrogen consumers.
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1) Hydrogen imports transit to other countries (e.g. Germany) considered.
2) For Norway, hydrogen is not targeted for direct export, but indirectly through the export of NG with local CCS.

Main target sectors of analysed H; strategies per country

= Green hydrogen is central to all strategies

In the long run, with a view towards a largely decarbonised world by 2050, over half of the
countries analysed focus on using green hydrogen sourced from renewable energy only; the
emphasis on green hydrogen is particularly pronounced in the EU. However, in the interim
other types of low carbon hydrogen are seen as an effective and pragmatic way to ramp up
volumes and to get the associated hydrogen economies started.
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Considered medium-and long-term hydrogen production options by country
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Emerging opportunities and areas to watch for industry

= Large cumulative market of over 40 B€ for green hydrogen production equipment
will develop within the EU until 2030

Several countries are stating clear and massive targets for ramping up green hydrogen
production. The move from the currently installed base of electrolysers in the lower Megawatt
range to Gigawatt-size capacities within less than a decade points towards a massive growth
path in the coming years and the targeted large hydrogen production capacities translate into
a sizeable market. The EU target alone indicates a cumulative market size for electrolysers
and balance of plant of more than 40 B€ within the EU until 2030.

= Large industrial partnerships will be formed for production and export/import

Initial export/import relationships are expected to build on bilateral agreements. Corresponding
supply chains will benefit from a tight integration, resulting in partnerships between relevant
major stakeholders covering production, infrastructure, and logistics. Such partnerships are
already being formed and industry players should start to engage now.

= Refineries and chemical industry to become the first important large-scale
hydrogen markets in the mid-term

Green hydrogen is seen as one of the main levers to decarbonize the industry sector.
Refineries and the chemical industry are large hydrogen users already today, and gradually
replacing the fossil-based ‘grey’ hydrogen by green or low carbon hydrogen is an element in
several strategies. In addition, the EU Renewable Energy Directive recast (RED II) allows
green hydrogen used in refineries to count towards the mandatory transport sector target of a
14% renewable energy share, creating a strong regulatory incentive. As a result, already now
large-scale electrolysers are being planned in and around European refineries.

= Road transport and fuel cell market is currently stronger in Asia than in Europe

While the transport sector is a relevant application segment in all countries, when comparing
countries with relevant automotive original equipment manufacturers (OEMSs), the expected
use of hydrogen in fuel cell passenger vehicles and trucks is stronger in Asia than in Europe.
While Japanese, South Korean, and Chinese plans foresee a relevant role of fuel cell electric
vehicles in all road transport sectors, European strategies mainly focus on heavy goods
vehicles. Similarly, fuel cells in the building and power sector have a pronounced role in Asia
while playing only a limited or no role in Europe.

= Green synthetic liquid e-fuels (PtL) can grow into an interesting opportunity,
particularly in the aviation and/or maritime sector

In a few strategies, green synthetic fuels are mentioned as an option for aviation and maritime
shipping. Being able to be used in the existing engines without major modification, they provide
a perspective for decarbonisation in the short term, whereas a direct hydrogen use is seen as
a potential longer term solution, requiring a more profound technology development and longer
lead time. A possible introduction of quota in the aviation sector is discussed in the German
and Dutch strategies, which would lead to an opportunity for significant volume demand.
Likewise, existing emission reduction targets in the maritime sector and international pressure
to accelerate the path towards them can help to further enlarge the market.
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New policies needed to achieve strategic aims

= Current measures are insufficient to catalyse envisaged strong growth

Most strategies focus on targets for green hydrogen production and technology deployment
rather than on measures supporting these targets. Many policies in place concentrate on R&D-
oriented action, which remains relevant but less important than fostering commercialisation.
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Existing and planned hydrogen support measures by country

In most cases, policy development is lagging behind the strategic ambitions. Current measures
are insufficient to catalyse the envisaged strong growth. New policies required to achieve these
targets are still in the making and are only starting to emerge. The time for policy discussions
is now and policymakers will likely be open to sensible approaches and good arguments.

= Building on earlier successes, policies should focus on commercialisation

Many countries have already been supporting hydrogen and its applications for quite some
time and successful deployment examples can be traced back to a few triggers, which help in
discussing policy options. The following measures appear particularly suitable.

- Mandatory quota or emission limits have been employed successfully in the past to help
creating a market for low carbon or more efficient technology. Well-designed sectoral
quota for green feedstock and fuels in industry and transport can stimulate large
scale demand.

- Moving from R&D support, which has been the dominant public support mechanism in the
past, to supporting commercialisation and the demonstration of entire value chains in e.g.
Germany (‘Reallabore’) and Europe (‘hydrogen valleys’) has kicked off large projects and
a flurry of activity even in regions not receiving funding. Targeted support for
establishing comprehensive value chains will provide nuclei for sustainable
business.

- While public funding towards project investments lowers the entry hurdle for participants,
it usually does not create a green hydrogen business case due to the high cost of green
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electricity. Moving from CAPEX to OPEX support will help to establish sustainable
business cases for operators. Measures may range from reducing green electricity
costs to the carbon contracts for difference (CCfD) instrument, which is currently
discussed in the European and German strategies as a possible future instrument.

- Greenhouse gas reduction is one of the primary goals behind all hydrogen strategies and
carbon pricing is a well-established instrument in many world regions. While current
carbon prices in most countries and regions are too low to enable sustainable green
hydrogen business cases, aiming for globally high CO. prices will help to further
reduce the cost gap and create a level playing field.

- When it comes to commercial deployment, any policy instrument needs to provide a long-
term perspective and security of investment in line with typical investment lifetimes.

= A green hydrogen certification needs to be put in place

A green hydrogen producer needs to be able to verifiably prove the green quality of its product.
A broadly agreed green or low carbon hydrogen certification mechanism is crucial for a
successful market development.

= |Infrastructure development requires central coordination and financial support

A reliable and accessible infrastructure is a necessary prerequisite for retail and SME
applications and has to precede market development. This holds similarly for hydrogen
pipelines, where existing infrastructure for gas transport and distribution can be converted to
transport pure hydrogen, and for refuelling stations. Comprehensive infrastructure
development requires public financing, central coordination for planning and
harmonisation, and the appropriate regulatory environment.

= Public acceptance is key

Public acceptance is crucial to any new technology deployment and suitable measures
supporting public acceptance need to complement any policy development. Examples
include education campaigns, training programmes, and community engagement.



