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EXECUTIVBUMMARY

Analyss of government action for hydrogen in 16 countrieand the EU

Hydrogen can play significantole in a future energy system based on renewables as an
important link between intermittent wind and solar electricity production and energy
consuming sectors traditionally relying on a chemical enerdihatazarrbe stored in

bulk quantities 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 a certain governmental support as wdlerafi@al 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 dedigdteden strategies. This study
analyses government action for hydrogen in 16 countries (UK, Japan, South Korea,
Australia, the Netherlands, France, Italy, Spain, China, Ukraine, Germany, Switzerland,
Morocco, CalifordjaRussia, and Norway) and in tedean Union, focusing on the
respective national goals, targeted sectors and infrastructures, current support measures,
requirements on the hydrogen used, and achievements so far, aiming to provide an
informed factual input to policy discussions amdatergecisiemaking.

Quickly emerging hydrogen strategiemdicate dynamically growing market

In a higHevel review of countries representing over 90% of global GDP we found that 20
countries representing 44% of global GDP already have passed dyatgeal

strategy or are on the verge of doing so. Additionally, another 31 countries (another 44%
of global GDP) are supporting national projects and discussing policy action. Main drivers
are GHG emission reduction goals, the integration of renasvalaibas the opportunity

for economic growth. While national strategies obviously differ in detail, reflecting
particular country interests and industrial strengtligntiusstratebat there is a clear,

strong, and lasting global momentum behinthibersal recognition that hydrogen is an
essential and indispensable element of a decarbonised energy system.

The analysis clearly shows that we should expect a dynamically growing market for
hydrogenScaling uppédrydrogerdemand expected for 2050 itiomal strategies to

global level indicates a potential of up to 9@d®r around 270 million tons of hydrogen

per annum, this is @amount as large as thenualprimary energgurrentlyprovided
globallyby renewables

viii

US federal states follow their own strategies with regard to clean transport and energy supply; the study team
has chosen to include Califamtae analysis as it is the most advanced US state in that respect.
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Target sectors notably includegport and industry, the latter particularly in countries

with a strong industrial sector and a high priority on greenhouse gas reduction. In the long
run with a view towards a largely decarbonised world by 2050, the majority of national
strategies andstiussions focus on using green hydrogen sourced from renewable energy
only. However, in the interim other tgpksv carbon hydrogen are seen as an effective

and pragmatic way to ramp up volumes and to get the associated hydrogen economies
started.

Emerging opportunitiesand areas to watchfor industry

The expected market development signals emerging opportunities and areas to watch for
industry including the following:

A Alargecumulativée\ mf o ja jg m / + =z ajm bm> i
will develop within the Eidtil2030.

A Large industrial partnerships will be formed for production and export/import and
industry players should start to engage now.

A Refineries and the chemical industry are expected to become the first important
largescaléhydrogen markets in the +t@&dm.

A The road transport market (vehicles and tismksently stronger in Asia than in
Europe, signallirgdifferencen strategy between OEMSs in the two continents,
which is worth watching closely in the coming years.

A Geen gnthetidiquide-fuels (PtL) can grow into an interesting opportunity with
largepotentialquantitiegarticularlyn theaviation and/or maritime sector
New policies needed to achieve strategic aims

Most strategies focus on targets for green bypgragduction and technology deployment
rather than on measures supporting these. Current measures are insufficient to catalyse the
envisaged strong growth and new policies are required.

Thesgoliy elementhave been found particularly helpful in iegtEmmercialisation
A Sectoral quotzanstimulate large scale demand create markets

A Targeted support for establishing comprehensive value chagsnpeteiidor
sustainable businesdivity.

A Moving from CAPEX to OPEX suppobewitiportanto establish sustainable
business cases for operators.

A Globally high G@ricesvouldhelpto further reducthe cost gap

A Instruments need toopidea longterm perspective and securiignastment
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A A broadly agreed green or low carbon hydrogen certification mechanism is crucial
for market development.

A Any activities should be complemented by measures supporting public acceptance.

The time for policy discussions is now and policymdKésslyvile open to sensible
approaches and good arguments.
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1

1.1

INTRODUCTIONATIONAL GOVERNMENBAIPPORT FOR HYDROGEN

By 2025, hydrogen strategies can be expected tocacongies representi
over80% of global GDP.

A total of 16 countries plus the European Union have been selected for a m(
analysis:

- Europe : European Union (@ehmany (DE), the Netherlands (NL), Frani
United Kingdom (UK), ltaly (IT), Spain (ES), Switzerland (CH), Nc
Ukraine (UA), and Russia (RU)

- Rest of the world: Japan (JP), South Korea (KR), China (CN), Aug
California (CA), and Mozo (MO)

Backgroundof the study

Internationally, the discussions around hydrogen as a future energy carrier and renewable
feedstock for industry processes are increasingly gaining momentum. One of the main
drivers for this development isiticeesasingwareness of the fact that large amounts of

green hydrogen are required for fully decangdargescaleapplications in industry,
transport, heatind power. Additionally, since several of the larger industrial nations in
Europe and Asia anpiate aimited capability of producing sufficient amounts of green or

low carbon hydrogen domestically, countries with beneficial conditions for producing
renewable power at low cost are seeing substantial opportunities for economic growth by
hydrogen gort. As aesult, hydrogen has become an item on government agendas across
the globe and an increasing number of national administrations have established or are
working on a hydrogen strategy, already support hydrogen demonstrations activities, or at
least are ithe status of initial policy discussion regarding the future role of hydrogen.

Focusing on national strategies and associated documents, this study analyses governmen
action for hydrogen in 16 selected countries (UK, Japan, South Koraa,thfaustrali
Neherlands, France, Italy, Spain, China, Ukraine, Germany, Switzerland, Morocco,
Californig Russia, and Norway) and in the European It)fiongson the respective

national goals, targeted sectors and infrastructures, current support measures,

US federal states follow their own strategies with regard to clean transport and energy supply; while not a
"ANjpiomt ©( oc” nop_t o inthe analysiss it is th¢ mostiadvanged WSistatg p _
in that respect.
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requirements on the hydrogen used, and achievements so far, aiming to provide an
informed factual input to policy discussions and corporate-hadisign

By the analysis of the respective country approaches, we aim to serve the following
objectives:

A Provide arunderstanding dhternational trends and developments towards
supporting hydrogen as a low emission energy carrier

Show a taxonomy of internatidryalrogen strategies
Compare national activities and put them into context

Generate a solid background for upcoming policy and strategy discussions

> > > >

Identify major topics for the political discussion

Country selectionfor a detailed analysis

A preliminary screening of hydrogen strategies in 56 countries around the world,
representing over 90% of global GDP, reveals that nine countries already have an existing
comprehensive national hydrogen strategy and further aéevanthe process of
developing on@eeFigurel). Togetherthese 20 countries stand for 44% of global GDP
Anotler ¥ countrieg38% of global GDBje already supporting hydrogen pilot and
demonstrations projects (without dedicated hydrogen strategy)7acwliniries first
government and/or stakeholder discussions regardoggemyare ongoing. Hydrogen
activties are wellgead around the globe with major interest being located in Europe, in
the Asia and Pacific region, as well as in the ArflegoeR).

National hydrogen

31 Europe strategy available

1 Asia
& the Pacific

6 South America
& the Caribbean

National hydrogen
strategy in preparation

Support for pilot and
demonstration projects

5 Middle East No. of countries 17 Initial volicy di .
& Africa analyzed nitial policy discussions
North
3 America . No relevant activities
August 2020, World Energy Council, LBST
Figurel: Analysis of 56 countries for their hydrogen activitiesAugust

2020)
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2  WORLD

C%NUTSYL " National hydrogen strategy available Initial policy discussions
ludwig bolkow National hydrogen strategy in preparation No relevant activities .
e systemtechnik
5 Status: August 2020 Support for pilot and demonstration projects Not assessed
Figure2: Status of international hydrogen activities of national

governments August2020)

Based on this psereening of internatiohgtirogen strategies a total of 16 countries (ten
in Europe and six in rest of the world) plus the European Union have been selected for a
more detailed analysis:

A Europé€: European Union (EU), Germany (DE), the Netherlands (NL), France (FR),
United KingdoUK), Italy (IT), Spain (ES), Switzerland (CH), NorwagiidO, Uk
(UA), and Russia (RU)

A Rest of the world: Japan (JP), South Korea (KR), China (CN), Australia (AU),
California (CA), and Morocco (MO)

The rationale behind the country selection was ta balsnced picture including the

most active countries, a global representation, and a broader spectrum of opportunities and
aims, also including countries with a potential for significant hydrogem bgperisrt

was enhanced with interviews camgdby the World Energy Council with selected
experts from France, the Netherlands, Australia, Morocco, Germany, Japan, Italy, California,
Switzerland, and China.

®  Portugal was chosen to be covered only in a brief summary in Annex B, as the strategy was finalized late in
the course of this study.
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Structure of the report
Thereport is structured into the following:

ChapteR summarises the goals of national governments in supporting hydrogen
technologies and applications along with the associated time horizonsépthezachi

Sectors applications and relatedfrastructuredevelopmest targeted in national
strategiesare addressed ihapter3. Here, we also conmhen plans for largeale
hydrogen import or export as well as on the role of synthetic fuels derived from hydrogen.

Policies and regulatorgasuresupporting hydrogen adoption are discussed in dhapter
Here, we also review plans for ramping up hydrogen production as well as requirements on
the source of hydrog@ng 2bluec vs.2greer Hy).

Chapter5 looks at what has been achieved by current policies and associated market
development and discusses lessons learned, and conclusions are presentéd in chapter

Annex A provides an overview on releydriden transport vectashich are currently
discussed. More detail on the individual country strategies of the selected geographies is
presented iAnnex B
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2 WHAT ARE THE GOALS OF NATIONAL GOVEREPMMENT

Greenhouse gas emission reduction is a main driver for hydrogen adoption in
analysed, along with the role of hydrogen in the integration of renewable wing
energy

Hydrogen is clearly recognised as an essential elerdenadi@nised energy syst
Other goals notably include secure energy supply and economic growth.

Market ramyup will happen in in three phases: market activation in the current
sustainable growth after 2030, and a large arestadllished markiey 2050.

2.1  Classification ofstrategies inselected countries

Most of the selected countries already have a dedicated national hydrogen strategy (AU,
ES, NO, NL, EU, FR, JRNOER) or are currently preparing such strategy (RU, CH, MO).
Fve countrie®nly providsupport fopilot and demonstration projects without a specific
strategy (CA, UK, IT) or have just initiated discussions in this resapedcCH)As

depicted ifrigure3, moststrategies have bedeveloped and announced recently, i.e. in

2020 oin late 219, (AJ, NLNQ DE, EU, E®nlythreeof thesekctal countries vea
strategylder than one ye@P, FR, KR)

2017 2018 2019 2020 2021
Germany
Jun 2020
Japan South Korea ]
Dec 2017 Jan 2019 ;
ey Netherlands s
) ‘o) Aor 2020 Bl cu Jui2020
J J I I France Sep 2020
l (Green H, strategy)
| I ® |
I In preparation:
£ [ |
I I | B Russia
France Australia~ Norway | Portugal E# .
Jun 2018 Nov 2019 May 2020 | Jul 2020 Wl chive
(H, deployment plan) £— Morocco
Spain
Jul 2020
Figure3: Timelne of national hydrogen strategiegpublication
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For a betteview on certain hydrogetated goals of the selected countries the national
strategies arelifferentiated by the respective role of hydrogen imports or exports
(Figured) as well as by the level of detail of the strdiegyeb).

. | Australia ] EU Japan | o |
National hydl'l'f’gle“ Spain  Norway Netherands ~ Germany |
strategy available France  South Korea

: Russia
National hydrogen [ ] Morocco

strategy in preparation

Support for pilot and
demonstration projects

4| Switzerland
Initial policy
discussions
Hydrogen Hydrogen
export import
Figure4: Selected countries classification in respect to availability af

dedicatedstrategy and hydrogenmports/exports

Regardingnydrogen imports exportsmost countries (NL, EU, FR, CH, CA, aig IT,
CH) do not specdyparticular preference or role in their strategic docudDrdntdree
moreadvanced sitegies (JP, CHEhdKR) explicitly consider hydrogen imports due to the
limiteddomestiproductin capacities. The remainingfsitte selectecbuntries (AU, ES,
NO, RU, M@nd theJK)envisagsomekindof hydrogemelatedenergy exptsrat a very
individuakxtent.

Please note that the country selection is intentionally focused on hydrogerscons
rather than on exporters, which have been covered in a previbusssaudbsult, the
country balance betwe@nportingand exporting countries must not be seen as
represelimg any market trend.

4 J. Perner and D. Bothe, International aspects of aopévmadmap, World Energy Council and Frontier
Economics, 18 October 2019
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Norway Spain E EU Japan n

Ntatltonal hyd.'l'oglen Nethertands fmmm i (] Germany ~ South ‘o’
o - A4
Strategy available France m Australia Korea

E Russia

National hydrogen e
strategy in preparation

BN caifornia
Switzerland

Support for pilot and
demonstration projects

Initial policy
discussions
Low level High level
of detail of detail
Figure5: Selected countries classification in respect to availability of

national hydrogen strategy and level of detall

In additionthe strategieseviewedalsoexhibit a vergiversified level of detail. Some
strategies and policy papers are very specific and provide concrete figures for hydrogen
related targets in various areas (JP, KR, CahdCAJ). However, at this point it is
important to mention that thmelividuakco covered bgletailed specifications can vary
significantly between the countries (e.g. JP provides details for a wide range of topics,
whereas CH ordgdresses veigw concretmpicsn the transport sector). Most available
strategies (DE, AU, BUESFR) are characterisedawerag@letailedness as they are
expected to set general boundary conditibich will be specified in more detail at a

later stage in a concrete roadorapolicy framewarther countries (NO, RU, MO, UK,

IT, UA) providess details on hydrogen related topics within their strategies or policies.

2.2 Main national goals behind supportindiyydrogentechnologies

The objectives behind tiaionalsupport of hydrogen technologies and applications are
manifold Generallyhowever, teyservetypical energy poligpals aiming at clean and
secure energy supahd at economic growth

A Clean energy\When produced from renewable sources or basttedow-
carbon technologies such as Carbon Capture and Storgdgel(GgEs)an help
to reduce GHG emissions especially in sectors which asddtarifyt¢e.g. long
distance heaxguty transpoytsteel productipror where it substitutes fossil
feedstock (e.g. in the chemical industsydlirect use in some applicatiom als
allows to avoid local air pollution. Moreover, hydeogblesargescalestorage
of renewable energgidlargeelectrolysrscan acas flexible load suppbeiping
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with theintegration ointermittently generatingnewable energgneratiomto
the energy system.

A Secure energy suppl\Eydrogen as a universal energy carrier can help to diversify

the energy supply by reducing current fossil fuel depenaerrgly domestic
production or through imports.

A Economic growth Domestic hydrogen productiod &echnology development
may foster economic growth by creating new jobs and strentjibeaitignal

econories Moreover, exports of hydrogen energy and techrzdogieserate
additional income.

Figure6: Main goals ofcurrent hydrogen strategies per country






















































































































































































































































































































































































































































