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1 Executive Summary

Fuel cells and hydrogeecould bring significant environmentaénd economidenefits

Fuel cells and hydrogen (FCH) could bring significant environmental benefits across the energy system if
deployed widely: low carbonand highly efficient energy conversiawith zero air quality emissian The
socieeconomic benefits to Europe could also be substantial, through employment in development,
manufacturing, installation and service sectors, and througtht®logy export. Major corporations are
stressing the economic and environmental value of FCH technologies, and the importance of including them
in both transport and stationary energy systems gloBallyhile national governments and independent
agenciesre supporting their role in the energy systems transiion

Fuel cell and hydrogen markets are growing, but cost reduction is still requaiad the supply chain
remains nascent

Published figures show that strong growth in fuel cell shipmentsver 20% gar-on-year growth in
megawatts (MW) shipped has continued in 20EgFigurel). Much of the 2018 increase was in fuel cell cars,
but stationary applications also samcreased volumes. While deployment of water electrolysersin 2018 was
less than 100 MW, there were new project announcements, the launch of technology platforms that can
scale to 100 MW+ systems, manufacturing capacity additions and hiring canfp&gnt continue growing

and to become competitive across a greater range of applications, cost reduction and supply chain
strengthening for a range ofifterent technologies is required.

Megawatts by application 2014 - 2018

1or o E4teCh - Portable

Strategy | Energy | Sustainability

800 - | Stationary

600 - Transport

400

200

Figure 1: Growth in MW of fuel cells shipped, 2012018
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2MET] Strategic Roadmap for Hydrogen and Fuel Cells, [2@il@www. meti.go.jp/english/press/2016/0322 05.html

Scottish Government Draft Climate Change Pléwe draft Third Report on Policies and Proposals 28032

http://www.gov.scot/Publications/2017/01/2768

E4tech 2016 Development of a roadmap for hydrogen and fuel cells in the UK to 2025 and Ietottdww. edtech. com/wp-

content/uploads/2016/08/HF CroadmaldlainReport. pdf
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The supply chain is still developing. Though some applications are already commercially attractive, fuel cells
and hydrogen technologieare generally not yet mature. Greater numbers of qualified companies are
required in each segment to ensure suitable competition and innovation throughout. This offers an
opportunity for organisations and countries alike to position themselves for futtoeth and value capture,

and Japan, Korea and increasingly China are investing particularly heavily in this positioning.

The sector is complex and interlinked, so considerable analysis is required to assess it

¢CKS WXHWIE® C/ 1 &S0 2 NdsistsamaifyNdF ralafigely antalRorganis&tions) specialists
either in final application assembly or in components, but rarely in ddidjor companies also participate,

but FCH is only a small part of their activities. The {mlag companies tend not tbe profitable, and the

spend within the large companies into this area is also still largely viewed as investment for the future. This
study conducted detailed surveys and significant amounts of interviews and desk work to develop a database
of relevant @ganisations, and also polled many of them to understand their views on the current and
anticipated future position of the technology, their peers, and Europe within a global context.

Europe has world class component and product providers today acrosstbely chain

European companies and research actors are world class today in many of the technologies needed for fuel
cell and hydrogen applications and supply chains. This study documented nearly 300 companies with known
positions directly in FCH, and neoexist in other supply chain areas. Even more with latent capabilities exist,
gK2 O2dA R adNBy3IldKSy 9dzNRPLISQa LRaAGA2Yy AF (KSe& Sy
250 identified knowledgdased actors across different domains of etjse. Many of these knowledge

based actors have wordass capabilities and support not only European companies but also others in
leading countries worldwide.

For transport applications, Europe has particid&rengths in key componentsf fuel cell staks:catalysts,
membrane electrode assemblies, bipolar plataadgas diffusion layersOver 30 European companies sell
these products worldwide today, and are well positioned to take a significant share of the growing markets
for fuel cell cars, trucks,uses and forklifts, as well as supplying stack producers for other applications of the
same fuel cell technology, such as combined heat and power (CHP) and auxiliary power units (APUS).

Europe is also home to competitiggackdevelopers and producers applications from transport through

to smallscale stationary power. Different types of fuel cell are represented, including both low and high
temperature chemistries. Some parts of the supply chains are common or similar across different
applications, ssupport and development for one could bring benefits to others.

Unlike in most world regions, Europe has smaller, specialised integrators developing and launching new
vehicle products and concepts in addition to the major car manufacturers. These bringreddupply and
purchasing opportunitiesThousands of buses could be deployed in cities across Europe. In the stationary
sector, micreCHP used in a range of buildings could soon become a market of tens of thousands of units,
and many more in théuture. Given the right support and frameworks, substantial portions of these supply
chains would be European, and these deployments would also strongly support local economic development
in installation and servicing.

Europe has further international stngth in thehydrogenproduction and handling technologieseeded to
supply fuel cell applications. Europe is a global leadeleictrolysis in all technology types, from component
supply to final integration capability, with no other single region ablenfatch its depth and breadth across
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all the technologies and all the components. European companies supply markets worldimlg. 20
European companies offer or develop electrolysis systemiisle 10 European companies offeydrogen
refuelling stations

Knowledgebased actorsare also strong across many F@tated fields, from fundamental research through
engineering to social science and business studies. European universities and research institutes support
companies globally in solving a wide rai&CH problems, and are vital in developing the human resources
needed for the FCH sector to succeed.

The value that could be captured is considerable, as the sector enters profitability

The purpose of this study was not to forecast uptake of FCH, whjméndls on many factors, but to consider
plausible market scenarios and evaluate the implications and requirements. Industry scenarios were
developed in which the size of uptake globally was varied, influencing the size of the market that could be
capturedby any entity, including European ones. Other scenarios considered the level of support within
Europe, thus identifying differences between proactive and passive sector developm&rgnario Aa low

global growth scenario is coupled with low Europeapp®rt, while in Scenario C both are high.

G4 45,7000

ua 40,000

Millions

a4 35,4000
a 30,000
a4 25,4000
a 20,000

a4 15,4000

a4 10,4000

Global system production value

U,=mn =
o L - | . |
2024 - 2024 - 2024 - 2030 - 2030 - 2030 -

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C
BECEV ®FCEB ®"HGVs ' Trains ®St-CHP “mCHP © Electrolysers ® HRS

Figure2: Global system production value fahe selected applications by industry scenario (2024 and 2030)

As can be seen, the total global production value of the selected comporedtsystems in this example

g NASa FTNRY (Rgore2p ghdFig@e3d K268y 0 KI G 9dzNB LIS O2dzZ R OF LJ
formerande mn®1 o0y 2F GKS tFGGSNE 6AGK 0S06SSYy epnn Y
GNI RS olFflFyOS ¢g2dd R 06S oONRIRfeé& ySdziN*¥t Ay GKS FA
latter.
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Figure 3: Europeansystem production value fothe selected applications by industry scenario (2024 and
2030)
Tablel gives a high level summary of tlseciceconomic values associated with the scenarios outlined
above, for selected industries and conmaemts/systems. It shows that in addition to the monetary values,
direct and indirect employment benefits are considerable.

Table 1: Key socieeconomic figures for the selected applications per industry scenario (2024 and 2030) in
millions of Euros

Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market
Global system production value (million) € oJcnAa wMn|Zdnen mn|ldna dIyna oylZnnen oy
Global system O&M value (million) € agnn € mInnne mYInnne mImnne nYonne n
European market and production
European production value (million) € pnn € oXfnnne nYIvHnne MIpnne yIHnaAa ™MA
European O&M value (million) € |n € HAn € HAn € HAn e dnn € d

Macro-economic impact

Value added - Total (million) € Hnn € mInnne mInnne€ pnn € HITNNE o
Value added - Labour (million) € MAnn e mnn € dnn € Hnn € MIHnNne ™
Value added - Capital (million) € Mnn € nmnn € dnn € Hnn € MInnne ™
Value added - Margin (million) € |n € HAnN € agnn € MAan € pnn € T
European annual trade balance impact (million € ln € monn € ynn € |n (3 [

Employment impact

Direct employment system production (fte) 1,900 11,640 15,140 5,400 30,440 38,5(
Direct employment O&M (fte) 300 1,600 1,600 1,300 7,300 7,3
Indirect employment (fte) 1,800 12,600 23,100 6,200 41,600 63,9
Sum (fte) 4,000 25,800 39,840 12,9400 79,340 109,70

It is important to reiterate that these figures are developed using scenarios of plausible futures. They are not
exhaustive, and subject to multiple assumptions. However, the assumptions are as far as possible
conservative, e.g. not alhdustries, applications or components have been considered, and sector growth
has been constrained to well within the most optimistic levels possible, and so the size and value of the future
markets could be greater.
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The general trends are borne out bwdustry information: ach year, more applications become
commercially viable. This is in part due to lower cost technology and better business strategies, and strongly
due to supportive policy. The regions and cities enacting zero emissions zones ahgslimaorting electric
vehicles, including FCH, and the sharp reductions in the cost of renewables driven by policy decisions are
allowing largescale renewable hydrogen supply plans to be drawn up.

Maintaining and increasing the value to Europargely depends on support and deployment in Europe

Even using a relatively narrow definition of valdded activity, the analysis shows that support within
Europe is essential to allow the greatest value capture. If global growth is strong but Europe l@gesza

faire attitude then Europe exports less overseas, and overseas companies export more into Europe. If global
growth is low but Europe has strong internal support, European companies capture a greater share, but of
an inevitably smaller market. By supfinog both deployment (helping to increase the global market by
increasing the European market) and the positioning and growth of companies, Europe has the greatest
chance of capturing lorterm value. This value is likely to go elsewhere if either idgrig¢clas other regions

will develop more mature capabilities and supply chain clusters.

As an example, analysis of existing conventional supply chains shows that whilst mature supply chains for
some products are global, for others (such as cars) supplpsgeavitate towards the control of the original
equipment manufacturer (OEM), and towards the country or region of deployment. OEMs tightly control
supply chains, which can include design and assembiguse and partnering with suppliers on design,
optimisation and even investment. For high volume production, suppliers of appropriate components will co
locate with final assembly plants. So as the fuel cell industry and its supply chain mature, it could become
increasingly hard for EU component suppliesssell to nonREU OEMs, as these OEMs build and strengthen
internal and local capabilities. Conversely, support measures targeted at driving deployment in the EU could
serve to activate the supply chain. For instance, the detailed vadided analysis suggts thata significant

fraction of the value added can be captured for both FCEVs and HRSs provided the FCEV and HRS systern
assembly occurs in the EU. A coordinated vehicle and refuelling station deployment programme could (a)
help directly capture the vae in those applications, and (b) could also support the development of an
ecosystem of upstream stdystem and component suppliers. Following standard automotive sector
practice, these would likely be local in the longer term. This would also positiaorafbnent suppliers to

supply both EU and neBU OEMs located in Europe.

For many other applications, OEMs have less power, and supply chains are likely to be global, so EU suppliers
will rely less on EU deployment for sales. Nevertheless, deployingdlieind hydrogen applications in the

EU will strongly support their development, through providing experience and direct feedback from local
markets. It will also enable provision of support services such as installation, maintenance and fuelling, all of
which generate significant value and employment, and help inform the activities of the knowlecge

actors.

Many fuel cell and hydrogen applications will also benefit from supply chain support

Whilst there are European companies and researchers activest areas of fuel cell and hydrogen supply
chains and strong in many, gaps do exist: areas where the EU is behind other regidres,eothere are no
strong players globally. Opportunities therefore exist here for European companies to build positiohs,
different types of support could help them to do this.
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Given that many supply chains will be global, it is not hecessary to try to construct a whole supply chain from
EU companies, but is better to focus on areas of strength, need, or competitivetageaEuropean car

OEMs ar@ot leading in FCEV, though have interest and programmes, but the Tier 1s and other actorsin the
supply chain are very engaged, and supplying globally. Even if overseas OEMs deploy vehicles in Europe in
response to policy meases, they are likely to use local production capabilities and even European supply
chain companies if these have already built a strong position.

The picture in stationary fuel cell systems is mixed, with the production and supply of large systemdycurrent
dominated by US and Asian manufacturers. Some European companies are better positionech-@QHRP

and looking to enter overseas markets, but the commercial CHP sector of tens to about 100MW is discussed
as a very promising opportunity, building omesldy-developed mCHP technology. Europe is well positioned

in SOFC in particular.

Hydrogen refuelling stations (HRS) stand out as an area of potentially high total value and added value, but
it is important to note that the figures for HRS include the tatest and value added for installation of the
station, and not only production of the systentsdirect employment effects for other applicatiogmotably
transport¢ are higher, and rolbut of stations will only come with rediut of vehicles, so theao require an
integrated support approach.

Electrolysers are a further area where Europe is-plaited, in part thanks to indigenous technology that has
developed over many years, and in part because European support schemes for both eleehadgseHB
and for stationary applications such as povtergas have been more consistent than in many other regions,
allowing capacity and expertise to be developed.

The FCH sector offers Europe a chance to benefit economically and environmentally from an emerging
industry and strengthen its position in clean technologies generally, but must be appropriately supported

The FCH sector contains many large and small players globally, and many applications are on the verge of
economic competitiveness after years of istrent and development. Major industrial nations such as
Japan, Korea and the US are strengthening or developing positions, and China is emerging rapidly. Europe is
well positioned to profit from European component and system manufacture, both for Euralegdoyment

and export. Scenarios developed in this study show likely markets of multiple billions of Euros. Europe will
also benefit from deploying overseas technology locally, both through environmental improvements and
through local employment, thouglota lesser extent.

This study has looked in some detail at hundreds of organisations, multiple FCH components and applications,
and a range of different growth scenarios. From the analysis itis possible to make general recommendations
about areas of théndustry and the kind of support that could allow Europe to capitalise on the strong base
and high levels of interest in the sector. These include:

- Coordination of EU and national visions, to allow companies and other entities to optimise
incentives andnvestment for transport and infrastructure;

- Supporting FCH in transportation applications, not only in cars but also in-degvapplications
such as trucks, trains and marine applications. This should help both strengthen multiple parts of the
componert supply chain and ease the rollit of infrastructure;

- A continued focus on standards and regulations, to ensure wherever possible that deployment is not
held up by either, and that standards across different sectors do not conflict;
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- Engagement of the famce sector in providing suitable and potentially innovative financing forscale
up and deployment, where capital requirements are high for small companies, or loan guarantees
may be needed to overcome risks inherent in an emerging technology;

- Support forcompanies capable of producimpmpetitive heat and power solutions, whether in the
residential, commercial or industrial sectors. Measures here could include-gocadepport, or
market mechanisms that fairly value the benefits that such technologieg liowerCQ emissions,
air quality benefits, grid support capability);

- Addressing the skills gap that is emerging in the sector, by ensuring it is communicated as a good
opportunity for future employment, plus dedicated training and certification;

- Aligning electricity markets and regulations with the stated need for-dawbon hydrogen, by
reducing or removing tariffs and levies on electricity that render the hydrogen produced expensive,
where these costs are not justified or are doubleunted,;

- Stimulation of local integration and manufacturing capability for HRS and compressed hydrogen
storage; plus support for export if appropriate.

These generic recommendations need ideally to be translated into specific actions to be taken by given
actors, and iming assessed. Despite the depth of analysis in this report, however, the majority of this
specificity depends on local conditions and individual actors. What is right for one company and one country
or region will not suit another, and so such specifiéit not attempted here. In any event,-oadination at

EU level will be important, useful and advisable.

The FCH sector is poised to grow, and Europe is still well positioned, but action is required

Strong indicators suggest that the FCH sector is pdizedrowth, and that this growth must be relatively

rapid in order to create the size of industry and mature supply chains required for it to kmiselfning. The

supply chain is currently global and likely to remain so, and Europe occupies a stribiog paghin it. FCH
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improves performance across a very wide range of sectors.

To maintain and grow this position will require European actors to thbesh politically and financially, in
deploying products locally and in strengthening technical and manufacturing capablligtgsg other
regions take the lead will dramatically reduce the chances of Europe prdfititiper from an industrial or
anenvironmental perspective as a smaller proportion of global value will be captured, and fewer products
will be deployed locally. If Europe wishes to profit from FCH technology as well as benefit from the
environmental improvements it can help to brirgshould act now.
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2 1l ntroducti on

21 This O6Findingsd report

The outputs of this study are divided into three reports:
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the findings and recommendations.

The study described in this report was large, and considered multiple aspects of FCH value chains from many
perspectives.TheaccompanyingEvidencereportCiscusses all of these in detail.

This report is a summary of the approach and findings of the study. It is intended to be synthetic, not
exhaustive, and draw out the main aspects of the analysis and conclusithes than delving into detail. It
describes the approach taken, the main outcomes of the analysis, and the conclusions drawn.

2.2  The study

Fuel cells and hydrogen could bring significant benefits across the energy system, enabling low carbon, zero
air qualty emissions energy options, and efficient energy conversion. Whilst these benefits may be achieved
irrespective of the geographical origin of the technologies used, the benefits to Europe could be greater if
the European industrial supply chain for fuellls and hydrogen were to play a strong role. These benefits
could be:

A Economicas an expanding area for green growth, generating revenue for European countries and
creating highly skilled jobs in a knowledgased sector;

A Environmental through ensuring that the technologies developed are appropriate for European
markets, that they are available for European deployment when required, and because there may
be greater willingness to promote and support deployment of European technologiesrope.

FCH technologies are sometimes seen as competing with other emerging solutions to environmental and
economic problems, such as battery electric vehicles (BEVs). As BEVs are in a more advanced state of
manufacturing development and deployment,one analysis has been conducted on their national and
international value proposition. More rigorous evaluation of FCH technologies is providing information and
data against which to compare these and other technologies and sectors.

FCH 2 JU is a pubidvate partnership between the European Commission, European industry and European
research organisations, and supports RTD activitiesin FCH technologies in Europe. Recognising the potential
benefits from a strong FCH supply chain in Europe, and the appbets for initiatives to support new energy

supply chains, FCH 2 JU commissioned and received a preliminary analysis of the FCH sector and its supply
chain status in 2017. This study examined a subset of applications and primary actors, as well &g provid
initial inputs on potential areas of strength and weakness for Europe. The FCH 2 JU has commissioned this
study as an walepth follow-on analysis. It looks at more applications, in more detail, not only at the supply
chain opportunities and threats, balso at the broader value chain. This piece of work has produced a more
comprehensive database, and provides recommendations for actions that can be taken to support the
successful growth of a European supply chain.
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While Europe has a very strong resdaand technology base, and strong supply chain actors in some areas,
Japan, Korea and some parts of the US have been the early movers in the actual deployment of fuel cell and
hydrogen technologies, and they are now being joined (and are likely to beadesrt by China. National
industries and initial supply chains have begun to evolve. Apart from in the US, FCH technologies in these
regions are supported by a clear vision to build a local industry to serve the domestic market, and eventually
to become adading exporter of these new technologies when other world regions embrace FCH. Policies
such as the Clean Energy Manufacturing Initiative in the US, the New and Renewable Energy Portfolio
Standard in Korea and the ERarm programme in Japan represent sowof these efforts to build national
markets and industries. And although high volume deployment has not taken place in Europe so far, the
European FCH industry has profited from the deployments in the US, Korea and Japan: the major system
integrators sering those markets rely on a global supply chain including many European actors; and some
technologies developed overseas have beeemgineered to local standards and conditions and integrated

into the product lines of European suppliers for sales in piro

The European FCH sector is very diverse but well interconnected (partly thanks to the significant activities of
the FCH 2 JU). Some European countries have mapped their own fuel cell and hydrogen industry and
knowledgebased actors (e.g. Fuel Cell Istiy Guide Germany 20¥6, Hydrogen and Fuel Cells:
Opportunities for Growtly A Roadmap for the UKSwiss Hydrogen & Fuel Cell Activities: Opportunities,
barriers and public suppdit In contrast, this study systematically looks at selected full valaenstand
manufacturing competitiveness at a European level, which has not been done before. While the global and
European market for these technologies is still small, itis growing rapidly and expected to continue to do so.
Now is the right moment to sece a leading role for Europe. To do this, targeted interventions may be
necessary, and these can be informed by thorough analysis of the European supply chain and knowledge
base, and a clear view of their strengths and weaknesses, put in the context oppagtunities to be
grasped.
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green growth in Europe, as well as to climate and energy goals, and to make recommendations to political
and othe actors on how to maximise this contribution. This study thus has several main functions:

1 To provide a database of actors in the European supply chain, from which useful data and information
can be extracted, and with the potential to be updated on anang basis;

9 To provide a view on the most valuable or most fragile parts of the value chain, from an economic and
strategic perspective and in a global context, including with respect to important competing alternatives;

1 To develop plausible scenarios ttwe role of the FCH sector in Europe that give all interested parties a
common understanding of the opportunity;

9 To provide robust analysis of the value that the sector could bring to Europe, high quality supporting
data, and rigorous recommendations thegn be used to further develop and support the European FCH
sector.

2.3  Study objectives and approach

The objectivesvere agreed as

4Fuel Cellndustry Guide Germany 20b&ps://www.vdma.org/en/article/ -/articleview/13175963

® E4tech Development of a roadmap for hydrogen and fuel cells in the UK to 2025 and beyond. Report publitthednatw. e4tech.com/wp-
cortent/uploads/2016/08/HF CroadmaMainReport. pdf

¢ E4tech Assessment of the Swiss hydrogen and fuel cell sector, Report published at

http://www. bf e.admin.ch/php/modules/enet/streamfile. php?file=000000011234. pdf&name=000000290993
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In-depth analysis and updated mapping of industrial actors in European FCH supply ébrain
selectedapplications in the transpt and energy sectors, including the manufacturing supply chain;

2. In-depth analysis and updated mapping of the European FCH knowlddlgged actorssuch as
research centres and universities that contribute to the same European FCH supply chains today, or
with potential to contribute in the future;

3. Value chain and manufacturing competitiveness analysdentifying the parts of the supply chain
of greatest value at component level for transport and energy applications, the capabilities of supply
chain companies and European research in comparison with global competition; and bottlenecks and
barriers to the successful exploitation of these opportunities for Europe;

4. Development and assessment of potential scenarios for the European FCH value chain and
manufaduring competitiveness to 2024 and 203ihcluding global and EU deployment modelling,
evolution of the future competitiveness of European supply chains, and quantified scenario impacts;

5. Recommendations for specific actions and investmentsroviding actios at component and
application level, and for the European sector as a whole, which could improve European
competitiveness and value creation.

The project approach is summarised-igured below:

WP1 Analysis and mapping of industrial
actors in FCH supply chains

WP4 Value chain WP5 Scenarios for WP6
WPO Inception WP2 Analysis and mapping of and manufacturing the future of the Recommendations
knowledge based actors in FCH competitiveness European FCH for specific actions
analysis value chain and investments

WP3 Global and EU market scenarios to
2024 and 2030

Figure4: Project approach

The details of the work packages undertaken were finalised during the inception phas&?l1the FCH
supply chainsvere mapped and described feelected applications and components, SWOT and gap asalys
were conducted againsttherleading world regionsanda database of European actevas populatedThe
same was done for knowledg®msed actors iWWP2 For WP3Global and EU market scenarios to 2024 and
2030were developeddeployment scenariosere producedor each application gbally and regionally, and
multiplied by cost figures to givandicative market turnover by application and component.

A\alue chain and manufacturing competitiveness anakysis then carried out idVP4 based on the outputs
of the previous WPdAreas ofopportunity at application and component levielr Europewere identified,
along with thebarriers to achieving themThese identified opportunities were used WiP5to develop
scenarios for the future of the FCH value chiaiiuropeg combiningEuropean competitiveness with market
turnover from WP3 to give scenarios for the future of the European FCH se&pamwific actions and
investmentswere then recommended i/P§ to helpenable opportunities to be exploited in components,
applications, ad the European FCH sector as a whole

2.4  Scope

The scope of applications included within this stislghown irrable2, with commentswhere necessarjo
clarify the sope of the application considered.
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Table 2: Application scoping

Application | In? | Comments
TRANSPORT APPLICATIONS
FCEV (fuel cell electric vehicles i.e. cq Yes
FC (Fuel cell) buses Yes
HRS (Hydrogen refuelling stations) | Yes | Includes small compressors and stationary stora
FC Forklifts Yes
Maritime and inland boats Yes
HGVs (heavy goods vehicle propulsio| Yes
Trains and light rail Yes
UAVs (unmanned aerial vehicles) No | Very small market and GHG savings

STATIONARY APPLICATIONS AND HYDROGEN SUPPLY

Micro-CHP (combined heat and powe| Yes | 0 to 5 kW output

Commercial FC CHP Yes | 5to <100 kW output

Larger FC CHP & primary power Yes | 100kWwc¢ multi MW output scale

Fuel cell APUs (auxiliary power units)[ No | Small neatterm market, limited GHG benefit

for trucks

Electrolysers Yes

Hydrogen storage Yes | Focus on compressed hydrogen

Compressors No | Small compressors within HRS. Large compress:
are supplied by existing mature supply chains

FC Backp powersystems and FC Yes | These categories were combined as they use sin

power generators (gensets) technologies and systems

Fuel processors / reformers Yes

APUs for boatsrecreational vehicles | No | Very small market and GHG savings

Ammonia and liquidorganic hydrogen | Yes

carriers (LOHC)

Use of hydrogen in industry No | Not primarily related to the FCH supply chain

Gas turbines No | Not distinct from the natural gas turbine industry

CROSS CUTTING TECHNOLOGIES

Test benches and test equipment

Dedicated manufacturing equipment

Important supporting capabilities for supply chain
discussedat high level only iran Appendix of the

accompanying Evidence Report.

This initial list of applications was further scoped down within the project. In some dE&3showed that
an application has a small global market size and value, meaning the EU share of this market will inherently
be small and these applications wergeoped out Applications with similar upstream value chagre

grouped together iWP5.

Thescope of countriesncluded is defined as the EU plus Horizon 2020 associated colna@sbrevity,

iKS

" As of 01 January 2017, the following countries are associated to Horizon |26Rid, Norway, Albania,Bosnia and Herzegovinde former
Yugoslav Republic of Macedorlidontenegro, Serbia, Turkey, IsraeMoldova, Switzerland, Faroe Islands, Ukraine, Tunisia, Gedmignia
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3 Met hodol ogy

The applications selected in Section 1 were mapped in different ways to provide a set of input data and
information for the analysis and recommendations. For each application a supply chain diagram was
produced,from final application all the way upstream to specialised material, with a focus orrefaiied
specialisation rather than generic components or materials.

From this, the database structure was agreed, so that companies operating at similar poirgsifigient

supply chains could be grouped and assessed. In some cases simplifying assumptions were made, to enable
common approaches between different chains (for example the different SOFC architegtplasar,

tubular, etc. were considered in commor)ata and information on the FCH industry and the surrounding
knowledgebased actors were gathered through multiple methods, for inclusion in the database and for
AYF2NYAY3I GKS Fylfearad ¢KSasS RFEGI Ay ofunzRlgRedi KS |
readiness levels, employment statistics and other fields.

An online questionnaire (an overview isHigure5) was publicised as widely as possible to allow FCH sector
actors to complete their own information; thisas supplemented with dedbased research and compiled

into a database which already included information from an earlier supply chain study. Over 400 responses
to the questionnaire were received, from just under 200 individual actors, which althougbdargsponse

rate still did not represent all of the industry. Considerable additional manual entry filled gaps and was used
to sensecheck all entries.

The questionnaire included very detailed requests and in many cases actors either were not able or not
willing to include all of the information, meaning that aspects of the analysis had to be modified or curtailed.
The raw data from the questionnaire were gathered in a secure online database and theprguestsed to

allow easier interpretation and visusdition. A final persocneadable database was produced in the form of

an Excel workbook for internal use by the FCHJU.

Company profile

9 Locations, number of staff, share of staff involved in FCH, share of FCH staff based in B
1 Global, FCHelatedturnover and share generated by business units based in Europe
1 Investmentin FCH activities and share invested in Europe

Technology and application selection

1 Choice of applications in fuel cells, electrolysers, hydrogen storage and transport, hyd
refuelling stations and fuel processors. Choices are categorised by the supply chain pj
(e.g. user, manufacturer), the technology (e.g. fuel cells), the chemistry (e.g. PEM) a
application (e.g. buses).

Detailed questions for each selected appliaati / product

9 Product information
1 2017 shipment data and share manufactured or assembled by business units based in §
9 Current production capacity and planned production capacity in 2020

1 Technology, manufacturing and commercial readiness levels

Figure5: Overview of questionnaire for industrial actors
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The database allows data extraction for visual representation (e.g. an interactive map on the FCHJU website)
and for further analysis (e.g. of the number of suppliers in a pdeticegion, or part of the supply chain).

Each supply chain map was then populated with leading European industry actors. The number and type of
actors gave an initial indication of approximate areas of strength or fragility, though the list could not be
considered fully comprehensive. It is however relatively detailed and the majority of relevant actors are
included. Knowledgbased actors or KBAs were also examined for the different applications and included
in the supporting database. KBAs typically kvon areas that are applicable to multiple FCH technologies,
often in fundamental research which is not simple to link to single components or application fields. The KBAs
were not therefore mapped in the same way as the industry players, but were discassencluded in the

further analysis of gaps, actions and recommendations.
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appropriately comprehensive approach to be taken to develop the analysis andecuént
recommendations. Nevertheless, the lists are detailed but not totally comprehensive, and subtle differences

in technology and individual company approach mean that the structuring is a compromise that will likely

not be perfectly correct for any ed set of actors. Itis however a very close representation, and is sufficient

to draw robust conclusions. Because each supply chain map contains a set of actors, it is easy to infer that
suppliers upstream definitely supply those downstream. This isexssarily the casesupply relationships

are often confidential, and no conclusions about actual relationships should be drawn from the diagrams.

A competitiveness survey was carried out to supplement the data gathered through the questionnaire and
online work. The questionnaire was designed to elicit information on areas of European strength and
weakness, and more nuanced and qualitative input than the quantitative data captured in the database. This
was used to feed into the value analysis and the rev@mded actions in particular.

The cost of FCH applications is an important factor in their competitiveness and uptake. Some components
or materials are major cost contributors, and the amount of cost reduction possible through mass production
or other mears varies considerably. Cost breakdowns were derived for the selected applications from
literature and from other work conducted by the consortium members, and used to guide several aspects of
the analysis. Costs were one element in the selection of critiomponents, and the ease or likelihood of

cost reduction was animportant factor in suggesting actions. Costs were also one of the essential inputs into
the economic value analysis, broken down by labour, materials and other factors. This analysigd giowe
identification of areas of potential interest for the FCH sector, and for associated actors, such as regional or
other authorities.

The FCH sector covers a wide variety of applications and each supply chain breaks down into a multitude of
components.To allow a manageable and meaningful analysis, components were ranked using a set of
measures including their effect on system performance, their contribution to cost, the strength of the
supplier base, and the potential for new markets to arise. The#gerizr were not chosen specifically to
identify the components which required the most R&D or other support, nor to exhaustively cover every
application or part of the supply chain. They were chosen to represent the focal aspects of this study in
particular ¢ the level of technology development, European versus other capabilities, and theesoriomic
potential for the different applications. This subset of critical components resulted in a long list, with some
repetition across the different applicationso a further choice was made to define subsets of these into
YwaSt SOGSRQ ONRGAOIE O2YLRySyiliaod ¢KSasS asSt SOGSR O
study, and were then used as the basis for further analysis.
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4 |l ndustry Overview

Thisstudy not only considered the potential for value creation through and around the FCH supply chain, but
also (at a high level) the competitive position of Europexiss other leading world regions. This informed

the analysis in terms of assessing tkellhood of Europe gaining a significant share, but also the actions that
might be taken to improve European opportunities. Japan, South Korea, China and North America were
examined to provide this information. Each has significant strengths, though Shsoaewhat lagging in
technology status. Nevertheless, as the current growth engine for many parts of the FCH economy, its policy
and industry landscape was importatot understandthe future state of the industry globally.

4.1 Europe

Europe is welpositioned in almost all aspects of FCH, at least on a par with its peers in most applications and
technologies, and ahead in some aspects. A few areas of weakness or limited investment exist.

For example,lie leading OEM integrators f6iCEVsire in Asiawith Hyundai, Toyota and Honda all well
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production, though Audi, BMW, Fiat and others have suggested that they may have vehicles around 2020.
Europe does hoewver have several entrepreneurial integrators targeting different applications: French
company Symbio offers converted Renault Kangoo vehicles with +extgader fuel cells, German company
Streetscooter intends to produce FC rargdender electric vehiels and Ukased Riversimple has designed

a car from the ground uplapan and Korea do use European suppliers when appropriate, though are very
focused on developing local alternatives, and specifically support their local supply chain actors. In the near
term, Chinese firms are looking for JVs and technology transfer as they ramp up production, evidenced by
the strong relationships held by Ballard, Hydrogenics and otherEngopean fuel cell manufacturers in
China; the engagement of Impact Coatings of Samddr a specialist coating line; and initiatives such as the
Germanbased company Fuel Cell Powertraimich was started using Chinese investment. Other European
firms could potentially use this opportunity to develop technology and export markets and also gather
valuable inuse performance data.

Europe is well placed ifuel cell busdevelopment, havingeen the majority of the early rethut, though

China is now deploying more vehicles. European manufacturers have been largely dependent on Canadian
technology from Ballard and Hydrogenics for stacks and subsystems, though Europe has suppliers (e.g.
ProtonMotor) developing these capabilities and who could fill this gap if the technology can be suitably well
proven. Costs remain high, in part due to small historical order numbers, though this is changing through
larger orders. These larger numbers are tyfhcthe result of local, national or international programmes,

such as run by the FCHJU. Gaps remain in areas such as integratidmknamd capacity, as the small
numbers of buses made in Europe thus far have mainly been individuallyblo@ihdn manyplaces a gap

also exists in bringing together the right funding to allow local bus operators to take advantage of the
technology. More broadly, a gap exists in availability of skilled integration personnel and in financing for
public transport authoritieso make the transition to these currently expensive buses.

Fuel celforklifts were one of the earliest fuel cell applications to be commercialised, in a market niche which
values rapid recharge and zero emissions. They fall under the broader categorgtefial handling
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activities were taken over by Ballard through Danish subsidiary Dantherm and a collaboration continues with
Taiwanese company ield. Linde also manufactures FC forklifishe potential exists in Europe for FC
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forklifts to be produced and deployed, with an important gap in demand related to the comparatively weak
economics of the systems. This may require costs to come down befor@ ibeaesolved, if novel or
integrated business models are not developed. European developers such as Proton Motor have ceased
development activities in forklifts, but indigenous capabilities exist should the market evolve.

To simplifythis analysisheavygoods vehicle®r HGVs are those weighing more than 3.5 tonnes, a broader
definition than in many instancescludingboth medium duty and heavy duty trucks. Although some specific
component sizes and architecture will differ, enough similarity existemsider them jointhhere. In Europe,

a few trucks have been integrated, including Renault Maxity, Scania and MAN vehicles, the latter modified
by ESORO. Stacks come from Symbio, from PowerCell and from Hydroblesses.are conversions by
specialist exgrnal integrators, and no truck OEM is currently building vehicles, though some are showing
interest.| 24 SASNE 2GKSNE INBE Y2NB>X | 3aNBaargdS SOARSYyOS
Switzerland starting in 2018likola Motorof the USAs desyning and developing its own lo#gul unit with

stacks from PowerCell in Swedeéuitable hydrogen storage for heawgrylong-distance driving is not yet
availablehowever,either in Europe or globally. If liquid hydrogen is chosen, liquefaction capemiid
become a bottleneck, but this will take some time to materialise.

In Europe, Germany has takergbbballeadin implementation,and regionatrains powered by hydrogen

fuel cells are novin operation The trains are made by Alstom and fuel cedtesns come from Hydrogenics.
Ballard has also announced a-tip with Siemens aimed at the same market. The Alstom and Siemens rail
businesses have announced a merger, still in process, which would potentially affect this nascent supply
chain. One reasorof the merger was to compete better against emerging Chinese competition inrrail.
general, raibystems are built around existing architecture designed for bus and fohayyses.

Fuel cells used imaritime and inland boats could help make significaetiuctions in GHG emissions and to
mitigate a significant source of smog producing pollutants near port towns. Fuel cells could be applied for
both propulsion and hotel loads, but the former is likely only for relatively short journeys (e.g. ferries) in t

near term. There have been several shipboard fuel cell power demonstrations, primarily in Europe. PEMFC
and SOFC are the primary fuel cell chemistries considered, while MCFC has also been demonstrated but does
not appear to be preferred for this applitan. Maritime propulsionis the focus of this study, and PEMFC is
attracting considerable intere$br this application SOFC and MCFC are not examined here, as thboand

use for hotel loads is very similar to conventional stationary applicatiBm®pe is probably marginally
stronger than many other regions as this area has been a focus for some time, even though activity has been
limited.

Europe has sever&lRSntegrators with a global reputation and reach, including Linde, Air Liquide, Nel (H2
Lagic) and ITM Power. Europe is also well positioned across most key components in HRS, and some European
actors are working on the development of new components (e.g. the dispenser and hosing). There is still a
lack of flow meters that meet the accuracy teigments of weights and measures authorities, but there is
relevant development activity by some European actors. Other areas, suclirgspurity assuranceemain

an area of R&D activity, also by component developers. Europe has several hydrogeassomguppliers

to choose from, including someith novel compression technologies. Europe suffers from the same gaps as
other global regions, so is not specifically at a disadvantdm#g successful development and
commercialisation of higher performinghd lowercost dispensing equipment, hoses, metering equipment

and sensors would position Europe well. Other gaps include test capabilities to ensure HRS meet tough
standards for refuelling protocols, and a service infrastructure for installed HRS. THabitityaiof
reasonablypriced and reliable compressors is a gap here and in other applications
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For micro-CHPEurope has strong heating appliance integrators with varied but increasing degrees of
participation in fuel cells. Many have a long history in heating appliances (e.g. boiler manufacturers) and in
technology integration, but very few haveliouse fuel célstack development. No European player has the
depth of experience that is found in Japan, and European PEM stacks and systems are in the early stages of
(subsidised}ommerciadzleployment. Some actors have even stoppetanse activity, preferring teource

from and partner with the strongest providers globally, who are typically Japanese players (e.g. Panasonic).
Although many systems installed in Europe are hence based on imported technology, these are adapted for
European conditions and certifieddally, with some components also locally sourcifier Japan, where

the Enefarm programme has led to massive mi€ZblP deployment in recent years, Europe, and in particular
Germany show the highest activity internationally, both in terms of breadth ciitelogy suppliers as well

as efforts to roll out systems into the market.

Europe is weltegarded inSOFC for mCHRvith several strong players throughout the supply chain. In
addition to its own developments, SOLIDpower acquired an established Austtalignology with
production in Germany, although some components come from other regions, e.g. China. Ceres Power does
not yet have a full commercial product but has important partnerships within and outside Europe, which
could result in significant exporharkets in addition to local sales. Other developers are at different stages

of progress, including Viessmann, which is embarking on a new iteration of the SOFC system it already has
on the market,Sunfireand BoschEuropean actors have strong skillssystem modelling, reactor design,
catalysts, cell materials and other areas, on a par with other global regions.

There are very few PEM commerdi@ prime power and CHRtegrators either in Europe or globally. The
German company RBZ Fuel Cells haveldpgd a small commerciallBV PEM CHP unit. Nevertheless, this
area is considered as potentially a stronger market than raiiid: the specific cost of the units can be lower
because of balance of plant scale effects; and the business case may be bett#easonsistent heat and
power loads can enable higher utilisation factors.

AFC systemare actively developed in Europe at AFC Energy, targeted atdaede applications. The units

are at an early stage and the supply chain is still evolving, but gergefew organisations are developing

this chemistry the supply chain is somewhathosd L a N} Sf Qa DSy/ St KIk&foO2YYS
sale, but no known work is going etsewhere Export opportunities for Europe would mainly be around
salesof complete systems to other countries, not of components.

Europeanlarge PEMhas thus far only been deployed by Nedstack in Chasapart of the FCH JU project
DEMCOPEMMW. It requires some further development and optimisation before it is fully conciakr

Whilst CHP is an option for these plants, in practice they are likely to operate in jolyemode unless a
suitable local heat requirement exists. This affects the economics both because less of the input energy can
be used, but also because themGHP system is lower cost.

Europe has limited product development large-scale CHRnore broadly. AFC Energy is building final
systems, much like Nedstack, but these are at demonstration stage and not yet mass produced. Again, they
have an almost complety different materials and component supply chain from other fuel cell types.
FuelCell Energy is primarily engineering systems produced in the US, but also has some integration capacity
in Europe, and Doosan Babcock uses units from its parent companaoeasich have largely US and
Korean technology, though the catalyst supply is European. Europe has good engineering firms capable of
putting these systems together and some deploy outside Europe, but the markets to date have been very
small.
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Fuel cell sstems used foemergency and offyrid powerare in many cases commercially availabie to a
capacityof 10kW. These are often used for telecoms systems and eumges that require an uninterruptable

power supply (UPS). The majority of such systems ard-Eeavid DMFC, though AFC plays a small role, and

a few specialised SOFC systems are also deployed, though not in Europe or produced by European companies.
One industrial actor, SFC Energy, produces DMFC systems for this application, for example foandilitary
recreational customers. They are differentiated from other stationary systems because they run
intermittently, requiring different systems configurations, lifetime and durabifgyall but growing markets

for FC backip power and gensetsxistin Noith America and Asia in particular, and for specialist systems
such as emergency services grid networks in Europe. Countries with particularly unreliable grid connections
or areas without grid connection may offgpoodbusiness cases for baak or offgrid systems. This favours

sales in developing and emerging markets. The market in Europe is not as attractive, partly because of the
generally good reliability and coverage of the electricity grid networks in European countries

Europe is well positioned geraly inelectrolysis.Alkaline electrolysis is commercially proven as a tozéd

hydrogen generator, and suitable system design nsakeiable alsofor more variable and intermittent
operation profiles9 dzZNB LIS Aa 2y S 27 (K Saline SléctrolydsEndustry wiih th&ktva® Q & :
major manufacturers, Nel and Hydrogenics, producing in Norway and Belgium respectively, and with other
companies such as McPhy gaining momentum. Major players such as ThyssenKrupp have technologies used
for chlor-akali production which could be used for water electrolysis. China, Japan and the US also have
production capacity, but are less active in the global market than the European actors. European companies
are positioned well to benefit from market growth.

PEMelectrolysisis a much younger technology than alkaline, though it has benefitted from PEM FC research
and development. Its commercialisation was pioneered in the US, building on developments for the military.
Several North American companies have dewetbgechnologyor products including Giner, now in

LI NOYSNEKALI gA0K { LI yAaK O2YLIYye& I H.HX YR tNRGG:
Hydrogenics in Canada. European developers suSieasens, Areva, and ITM Poveee commercialising

their own PEM electrolysers, most of them in view of expected market growth as part of the energy
transition. There is little public information on sourcing of components by the system integrators, but many

of the supply chain comparsecurrently supplying PEM fuel cell integrators also offer components for PEM
electrolysers. This means that Europe is well positioned all along the PEM electrolyser supply chain, however,
the electrolyserspecific supply chain is in general less develdpea that for PEM fuel cells.

Solid oxide electrolysi§SOR)is globally at theéechnologydemonstration stage, and European actors appear

to be leading commercialisation. There is some activity in the US, but Europe is ahe&dinfith, Sylfen,
Halda Topsoe, and SOLIDpower all engadedexample Given the early stage of the technology it is not

yet clear what role SQEwill play in the future mix of electrolysis technologies, though in principle it could
help to bring down costs and raise (elec#i) efficiencies significantly. Similar to SOFC, Europe has a breadth
of suppliers and developers with excellent knowledge of the technology and the key stack components,
though few of the European suppliers have experience with larger volume manufagturin

Europe has strong skillsets in a wide rangeyafrogen storage technologiest many scales, including world

leading science in novel storage technologies. Europe is generallpositibned, with suppliers or
developers inrelevant areas though weaknessesin the supply chainexist. For example, ldnough
compressed storage appears to have many players, not all produce tanks in Europe. Hydrogen compressed
tank supply has some strong Asian and N American actors, with specialist materials, notaiisatigh
carbon fibre, coming more from Asia. Valves and regulators are an important area for cost reduction and
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good opportunities exist for export, though there are few suppliers generally and both the regional and the
global supply chain need strengtheniigurope does, however, have a base of kighlity balance of plant
component suppliers such as OMB Saleriin Italy and Pressure Techin the UK, which would be well positioned
to supply a growing markefhe main gaps in hydrogen storage are related toatailability and cost of

tanks and some other components. Carbon fibre availability is a bottleneck and Euttogsathsupply could
fftSOAFGS a2YS O2yOSNYya Fo62dzi &adzZJX & NARAEA] P 9 dzNP
augmented by new eménts, but these are primarily looking at tank manufacture and supply, and less at
materials. Manufacturing scale is also lacking, though it would be comparatively straightforward to increase
existing capacity given investmeiithe broad availability oblv-cost reliable components such as regulators
g2dd R fa2 KStLI I ROFryOS (GKS AYRdzZAGNE | YR adzJi2 NI

As interest in largacale renewable or lowarbon hydrogen grows, methods of storing and transporting it,
particularly for long ttances, become more importantiquid organic hydrogen carriers (LOHC) and
ammoniaare increasingly considered, though very few LOHCs are under serious development. Nevertheless,
they could form an important part of the future value chain. Europe haseuational industrial strengths in
ammonia technologies, plus some smaleale developers, and one or two organisations developing LOHC
includng Areva and Hydrogenious. LOHC antmonia are in the early stages of development as hydrogen
carrier technolgies. The supply chains are relatively straightforward, and currently someitatc, driven

by the product integrator. In a currently very limited application space, Europe is well placed in terms of both
industrial actors and KBAs, including those oacten chemistry and catalysis.

4.2  Otherregions

4.2.1 Japan

Japan is very strong in most areas in FCH, from fundamental science to applications and manufacturing. It
has expertise in every fuel cell chemistry, although arguably has only recently caught up (aagsper
overtaken) Europe on SOFC industrialisation. Japan is the strongest region globally in terms of plans and
linkages between government, research and industry actors, who all meet and discuss these frequently.
Japanese technology is also typically strooften developed incrementally, through multiple iterations,
rather than breakthroughs. Many major corporations in Japan have hydrogen and/or fuel cell technology
programmes, and others have increasing interests in business models and technology &oploita

The Japanese fuel cell industry is given strong direction and financial support through national government
policy, with hydrogen embedded into the national energy strategy and supported through three key phases:
roll-out of fuel cells (and cost redtion); hydrogen mass production (and cost reduction); and making the
KERNRISY,THBESR WAMNBESY KeRNRIASYyvd adzOK 2F (GKAA Aa
Industry (METI), and research support comes mainly from the government agewdyiérgy and Industrial
Technology Development Organisation (NEDO), funding R&D to the amount of $100m USD in FY 2018.
Current Japanese projects include the import of significant amounts of hydrogen in 2020 from abroad, via
liguefied hydrogen made from bwn coal in Victoria, Australia and via a chemical carrier using hydrogen
from renewable sources in Brufiei

8w S dzii S N& Norvay mases Austrdia to fulfill Japan's hydrogen society deamt @ I A Hittps:@viwd. rebitérsYcom/article/usiapan
hydrogenrace/norwayracesaustraliato-fulfill-japanshydrogensoce ty-dreamid USKBN17U1QA
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4.2.2 Korea

Korea has a large market for stationary fuel cells, in particular, but does not have the mature native
technology of the global leadersther than perhaps in Hyundai, although there is major investment in
building Korean development, manufacturing and installation capabilities. The Government has announced
a US$2.3bn programme for hydrogen research, development, manufacturing capatiégtructure and

vehicles to 2022 Several of the large Korean players are looking to capitalise on a possible FCH future. So
far, this has resulted in acquisitions and partnerships with companies with the required technology from
different regions (maily North America). For example, Doosan acquired ClearEdge Power in 2014 and LG
02dAKG + O2y iNRftftAy3d adl 1S Ay wz2ffa w2e0S5SQa CdSft
mass production technology, after acquiring patents and research fesilirom Samsung SDI and
manufacturing technology via licence from W.L Gore and Associatés Inc.

Y2NBIF Qa 3Ift20lftfe& AYLRNIFYd YEN]LSG F2N adldAazyl NE
energy. The national Renewable Portfolio Standabtigates power generators to produce renewable
electricity and the use of stationary fuel cells for this produces a multiple of renewable energy credits. The
transport market has lagged stationary, though the US$2.3bn programme should make a signiffictt im

This is likely to dovetail with a roadmap announced by the Ministry of Environment which specifies the
hydrogen fuel cell vehicle share to be more than 10% of new cars and 520 HRSByT2080s an estimated

180,000 FCEVs.

4.2.3 China

China has had stng fundamental research into FCH for at least two decades, and has also had some
industrial activity, but only recently has it started to deploy sufficient numbers of units to be able to inform

its local R&D in more depth. Strong fundamental researchresmxist both in universities and in Key State
Laboratories, and some of the university research is more applied, and acts almost as the R&D department
2F I O2YLIl ye O0F2N) SEFYLXS {KFIy3aKIAQa ¢2y3I2A | yA
Automotive Industry Corporation (SAIC). Chinese technology is advancing rapidly but the majority of
indigenous products still do not perform as well as overseas units, and so Chinese companies are setting up
joint ventures both in China and abroad, as welhas$ting in companies in other countries, to speed up the
inbound transfer of knowow and technology.

This industrial interest is driven partly by Chinese government policy Jadite3). These are linked both
to deploying clean technologies locadlyo improve air quality, for exampleand to developing indigenous
highvalue industries. FCH technologies are a stated focus area for both, as is summarised in theddable
FCEV and FCEB enjoy generous subsidies under the New Energy Vehicle support programme.

DNB Sy /I NJ / 25/KardaRciinest®2i3B im yyirogen fuel cell vehicle industrial ecosystem over next@ years

http://www. greencarcongress.com/2018/06/2018062&rea. html

WodzaAYySaa Y2NBF O6HAMc/O2 NBY 2¢ QUK YLATRAZEE NRSM) @ RBdNBSt t Q ! gFAfFotS FaY
http://www. businesskorea.co.kr/news/articleView.html?idxno=16404
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Table 3: Chinese FCH development gdals

Goal 2020 2025 2030
Industry value, CNY billion/yesg 300(~34 e 0 ) 1,000(~115 Ine 0
H_2_product|on for energy use, 79 i 100
billion m3/year
Vehicles on road, unit 9 5k* 1 50k* 9 1million*

1 60% commercial | § 20% commercial | § 2millior#

& 40% car & 80% car

1 10k
Other Infrastructure 50 train/tram

demonstrations and - 3000km H2 pipeling

shipping

Refuelling stations 100 300 1,000
FC system produ_ction capacit 1,000 10,000 100,000
per company, units/year

Note: The goals come out of roadmaps from associations and are not official policy goals. * From Developmental
roadmap (2017);From SAE (2016¥rom Blue Book (2016). The Blue Book is supposed to be official, but most China
experts refer to the developmental roadmap (2017) figure

The Chinese Ministry of Science and Technology plays an important linking and guiding roleabadlo
NEIA2ylLFE I20SNYYSyida I NE AyONBlFaiay3ate | OGABSET A
oOrGeqo

4.2.4 North America

The United States (US) and Canada have significant FCH activity at all levels of public and private research,
government plicy, and industry, while Mexico does not appear to be actively engaged. At the federal level,
the US has maintained consistent funding levels ardu@L00m at the US Department of Energyq) in
programs dedicated to addressing FCH technical batfiedeme states have local funding, e.g. to increase
fuelling infrastructure (California) or support local manufacturing development (Ohio and Connecticut).
There is considerable collaborative R&D amongRb&National Laboratories, research universitiesbgl

and emerging companies, with a focus on sharedqmepetitive R&D to address technical challenges
coordinated by the DE. In Canada, the British Columbia province stands out as a fertile region of fuel cell
innovation which is or has beesupported by efforts at inter alia, research universities, the National
Research Council Canada, Ballard, and the Automotive Fuel Cell Cooperation. Several North American
companies are growing or at least are showing promising growth in their sales figures

In cantrast with Japan and some other regions, there is no clear linkage between Federal R&D funding and
an articulated national policy to directly support or foster FCH markets in North America, though tax credits
at the state and federal level support renewalenergy installations. The Residential Renewable Energy Tax
Credit was renewed in 2018 and is set to expire in 2021. It includes residential fuel cells and offers a maximum
tax credit of 30% of the cost of the installed system. From ZKEL the America Reinvestment and

12CATAREChina Automotive Technology and ResbaCente), China Fuel Cell Vehicle Developmental Roadmap, 2017

3China Standardisation Committee, China Hydrogen Industry Infrastructure Development Bly@ @bk

1 SAE, Hydrogen Fuel Cell Vehicle Technology Roadmap, 2016

Bt N2IN}Y wSO2NR ImTtnncIE al Aad2NAOlt CdzSt /Stt FyR I @RNe3aSy .dR3ISGa¢
https://www. hydrogen.energy.gov/pdfs/17006_historical_fuel_cell_h2_budgets.pdf

6 https://www. energy.gov/sites/pral/files/2017/10/f37/fcto_2016_market_report. pdf
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Recover Act (ARRA) was a natideaél effort to spur economic activity in the US, which has not been
continued.Demonstration projects inaly market applications, material handling equipm€rand backup
power'8 were subsidised leadinto a clear business case and a growing market for these applications. At the
state level California has committ&i55200m over 10 years to building out hydrogen fuelling infrastructure,
while a coordinated effort between Toyota, Air Liquide dine states in the Northeast (New York, New
Jersey, Massachusetts, Connecticut, and Rhode Island) is expected to begin this yheaddition to
supporting fuelling infrastructure installation, there are stdésel tax rebate incentives to support zero

emission ehicles, including FCEVs.

7 program Record #17008,L Y Rdza 1 NB 5SLJf 28 SR CdzSt / Stf t26SNBR [AF(H ¢NHZOl a£€O60HAMTOUX
https://www. hydrogen.energy.gov/pdfs/17004_industry_deployed_fc_bup.pdf

®program Record #17004,L Y RdzA i NE 551K @ &R CABINY SHAimT 0 X

https://www. hydrogen.energy.gov/pdfs/17004_industry_deployed_fc_bup.pdf

9 https://www. airliquide. com/unitedstatesamerica/airliquide- plansnetwork-new- hy drogenfilling-stationsunited-sta tes
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5 Criticality and Cost Assessment

All applications contain a very large number of components, some of which are not unique to FCH, and some
of which are already manufactured in large quantities. To identify the most important ameB€H for
Europe, and to render the analysis manageable, it was constrained in several dimensions. Applications with
small markets were not analysed in detaitpas withEuropean supply chain strengtvere prioritised and

only a subset of components whsy | f @aSR Ay RSLIGK® ! aAK2NI fAad 27
a scoring approach described below, and then only a subsifetéctedO NJA tdm@Bonent® within that

short list was analysed in detail.

All components are of course vitaltiee final application, and so this exercigasnot designed as ranking

of where research funding or other support should be allocafdangside thistiis of course impossible to
FAYR | LISNFSOU RSTFAYAGAZY defs wiayned with Bdwévar ihe seEcted NJ |
components are considered representative and suitable for this analysis, in that they span a range of
technology areas and supply chain positions and offer transferable insights into the wider potential for the
sector. The focus allowd a meaningful depth of analysis for the selected components, and simpl
communicatiorof the results and conclusions

This analysis considers value add for Europe and not only technical performance, socioeconomic and market
consideations were includedn the six ranking criteria:

1 Performance system performance is significantly affected by component orsysbem performance.

1 Costg the component or sutsystem represents a significant fraction of the system cost.

1 Technicalevolution ¢ the component or sulsystem is undergoing or is expected to undergo
technological evolution that will lead to significant cost reduction or system performance improvement
in the nearterm.

1 Supplierbaseqthere is a limited supplier base appropriate quality or the supply base is controlled or
concentrated in one global region.

1 Newmarket ¢ growth of the fuel cell and hydrogen market would result in a uniqgue new market for the
component or suksystem.

1 Socioeconomi@mpactcthe component oisubsystem represents a unique area of job growth.

For each application, a representative system and list of components was deéinddhe components
G§S&4GSR 3L Ayald GKS aAE ONRGAOFEt OKLF NI O Sadllecied A O& |
knowledge and data sets, and external experts as needed. A score of 1 (meets the definition) or O (does not
meet the definition)was assigned to each characteristand components thascored 4 or above were
RSSYSR WiisNibsetioQrbpbr@nts would generally be intuitively familiar to an expert in the field.

An illustrative example is shown Trable4 for a component thatmeetsall sixcriticality characteristics, and
hence scores 6 points in the assessmeatatyst in automotive PEM fuel celsndone thatdoes notmeet
the definition, D@o-AC invertergTableb).

A 2 4 A ~

¢CKS YFI22NA(Ge 2F wasStSOGSR ONRGAOIE O2YLRYSyGaQ &
cases they have been promoted to help inform the analysis, for example where there is a clear economic
interest in Europe. For examphehile pressure vessels scored lower than some components, they were
selected agriticalcomponentsgiven their importance in enabling the spread of multiple applications.
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Typical components selected for the analysis included the catalyst and membrane for PEMFRBhdtiRE

Table 4: Automotive catalyst criticality evaluation

Criteria Score| Rationale

Performance 1 Platinumbased catalysts bear primary responsibility for converting
hydrogen chemical energy into electrical power; the fuel cell power
plant size, cost, and durability are all directly linked to the catalyst.

Cost 1 Dueto high platinum material costs, PEMFC cost is sensitive to the
amount of catalyst required®

Technical 1 About 50% of the U.S. Department of Energy Fuel Cell Program bu

evolution is spent on catalyst development. Due in part to these investments
projected fuel cell system costs have decreased by nearlyhalf.

Supplier base 1 Due to the cost and complexity of handling precious metals and the
technical complexity of fuel cell catalyst manufacture, only a small
number of suppliers have the capabilitysupply catalyst for high
volume automotive production

New market 1 Catalyst is a unique component specially designed for PEMFCs an|
not shared with other technologies. Thus, catalysts would represen
new market opportunity.

Socioeconomic 1 Catalyst production is technically complex and is expected to provig

impact

range of jobs.

Table 5: Automotive power electronics / inverters criticality evaluation.
Criteria Score| Rationale
Performance 0 | Stack cost anderformance is independent of inverter performance.
Cost 1 Inverter cost can be nearly twice the fuel cell system éest.
Technical 1 Research into wide bandgap semiconductors has the potentig
evolution significantly improve inverter efficiency.
Supplier base 0 | The technology is mature and has a competitive supply base
New market 1 DGCto-AC inverters are common to all electric vehicles.
Socioeconomic 1 Impact is not known from cost models, but we anticipate thatould

impact

be similar toother semiconductor industries. Thus, growth in elec
vehicle markets is expected to result in highly skilled jobs to sup
demand for power electronics.

ceramic electrolytes and seals for SOFC and SOEL, pressure vessdisdod drydrogen storage in vehicles,
and the integration step in several cas€able6 is an example criticality assessment, for PEMEL.

20
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5® WI YMaas P@dotioh Cost Estimation of Direct, AFEM Fuel Cell Systems for Transportation Applications:

2016 Updatet https://energy.gov/sites/prod/files/2017/06/f34/fcto_sa_2016_pemfc_transportation_cost_analysis. pdf
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https://www.hydrogen.energy.gov/pdfs/review18/fc01_papageorgopoulos_2018_o.pdf
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These levels represent the status of maturity of a component or system, as defined by NASA and the US Department ainéngsiygtaeré.

LhGasSttSsE
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HP

wS | RWMahdartiring [REadiess Qevel (VRL) ould igrgRinciple be assigned to the key components discussed.

Power Applic (i A 2hyfos:#eRergy.gov/sites/prod/files/2016/07/f33/fcto_battelle_mfg_cost_analysis_pp_chp_fc_systems.pdf
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Table 6: Example of criticality assessmertPEMEL

Application | Critical component Supply Chain Sectol Score Slected?
Catalyst Specialised materia 6 Yes
Membrane Subcomponent 6 Yes
Membrane electrode assembliey Subcomponent 6 Yes
PEMEL stack Subsystem 6 Yes
lonomer Specialised materia 5
Porous transport layer / gas Subcomponent 5

PEMEL diffusion layer
Bipolar plates Subcomponent 5
PEMEL system System 5 Yes
Membrane support Specialised materia 4
H2 sensor Subcomponent 4
H2 conditioning Subsystem 4
AGDC power supply Subsystem 4

Cost breakdowns were also provided, derived from pubéetgilable analyses and broken down to a level
that allowed the assessment of turnover and addedue indifferent relevant sections of the supply chain.

For many applications, such as FCEV, some stationary systems, HRS and others, good cost analyees exist.
majority of open literature in this area has been sponsbit®/ the US BE, somany of the costs repted

come from those sources. While these are not perfectly translatable to European conditions (different labour
rates, land prices etc.) the common sourcing means they are broadly comparable, and the variations are
within the uncertainty margins that edady affect these calculations. Raw materials prices, exchange rates
and many other factors change over time, driving these costs higher or lower, but also changing relative costs
within applications. For example, speculation may drive platinum pricéehigr currency fluctuations push

them lower, but this cannot be captured hereor applications which did not have sources it was necessary

to use extrapolation, including expert assumptions on system size and performance to estimate reasonable
cost brekdowns. The ast breakdownavere reported with respect to projected annual production in 2024

and 2030 to provide a clear connection between cost breakdowns and the deployment scenafiese
deployment scenarios were not projectecbst breakdowns aresported with respect to the generic annual
production levek provided in the source materialsn example cost breakdown, for SOFC CHP, is given in
Table7. The full set of cost data is available in the Evidence Report.
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Table 7: Cost breakdowns for medium (100kW) SOFC for CHP

2024 2030
Low Medium High Low Medium High
System cost € MHN € MHMe MMA€E MMAE MMN € M
System integration € T2| € TZ| € TZXZ| € TZI| € cX] € cCcZ
BOP € TnJd3 e TMI € cpJe ccle CHYe py?2
Projected stack cost € NHI3 € nHy e nmde nMJ e nnJ e nn
Balance of stack € MMJ € MMI € MMJ€e€E MMJE MMIJ E MM3
Interconnectors € HZ € HZ € HZ € HZ € 1,900 €E MZ
Porous metal layers € M2Z| € MXZ| € MXZ| € MXZ|] € MXZ|] € MZXZ
Seals € MXZ| € MZ| € MXZ| € MXZ| € MXZ| € MZ
Cell (EEA, MEA) € MpJle Mple mMple MpIe MpJe mMp2
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6 Supply Chain Mappi nlTge cbhyn AAlpagpdy c at |

Supply chain diagrams were created for each of the chosen applications, to show the specific components
and subsystems required for each application, and to allow relevant actorsto be mapped onto the relevant
parts of the chain. FCH technologgproaches are sufficiently varied, even at the specific application level,
that in some cases slight simplifications were made to the representations. This meant that not all current
FCH systems exactly followed the supply chain logic (some PEMFC systaotsnclude humidifiers, for
example) though in all cases it was extremely close. Equally, it was not possible to be exhaustive with the
actors included.

The different supply chains for components and applications overlap in many ways, erallsw dfferent
perspectivesthis analysis has been approached from two directions. Assessing the supply chains by
application allows the identification of actors who could deliver a specific final product into a market, but
does not easily allow the analysis strengths and weaknessesithin that chain. Assessing them by
technology allows the identification of strengths and weaknesses in the chain but not of the importance or
accessibility of a final markeThe two approaches are shown below, using the exaropléransport
applications Figure6) and PEMFC technolodsiqure?).

Vehicle integration Fuel cell integration Subsystem Subcomponent Specialised materials

| Vehicle integration = PEMFC system | PEMFC stack == Membrane electrode Membrane lonomer
assemblies

Power electronics / Membrane support

inverters — Seal

c . : Supported catalyst I
Hydrogen tank — eSS
hardware/ endplates Gas difusion laver
as Ciusion ‘aye Carbon fibre

- System controls
— Thermostat

Bipolar plates .
Thermal & fluid — Heat Exchangers 1 Coated plate materials
management -
e Liquid pumps
Air handling /
recirculation

— Air flow meter

— Filters

p— Valves
= BoPsubcomponents === Legend: | Selected critical component |

— H2 flow meter

Critical component
e H2 sensor

Noncritical component
— Humidifier

Figure6: Fuel cells for transport supply chain structure

For each application supply chain a description was gealioutlining the relevant elements of the market

or technology, and this was followed by a SWOT aidalysSEl YAYAy 3 GKS | LILX A Ol G A
within it, and then the external environment. An example of the former is strong European act@bus F
integration, and latter is the strong competition of BEV in zero emissions buses generally. The former is an
internal consideration regardless of the success of the application, while the latter affects the application but
does not directly considethe internal strengths. A discussion of important gaps followed each SWOT, and
included aspects such as areas of the supply chain with no European actors, or skills or funding shortages in
specific areas.

The discussion tifie supply chain biechnologyallows common components and their supply characteristics
to be examinedThe first characterisatiofiocused on systems and integratoraherethe second examined
theO2YLRYSyYyld YR YIFIOGSNRAIfta tS@Sts tF&Ay3yehdamiandi KS O
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the actors associated with them. It is important to reiterate that only siedectedcritical components are
assessed in depth, as a representation of the important issues and opportunities facing the industry.

The fuel cell and electrolysee¢hnologies consist primarily of a stack and supporting subsysteritls a

large overlap between some of the subsystems across the technolégiesxample, pwer electronics and
system controls are very similar across the different fuel cell technologlbie they vary by application and
scale of the system, the chemistry is not the determining factmiike dher balance of plant (BoP)
components whichcan vary widely with the chemistry of the fuel cell. Selection and sizing of components
like filters and valves will depend on the operational characteristics of the technology, and operating
temperature will have a considerable impact. Thermal managemisotiffers between high temperature
technologies, such as SOFC, and low temperature technologies, such as PEMFC and DMFC.

Vehicle integration

Vehicle o
integration

System integration Subsystem Subcomponent Specialised materials

| PEMFC system = PEMFC stack == Membrane lonomer

Membrane electrode
assemblies

. Membrane support
Power electronics /

inverters

: Supported catalyst |
-| Hydrogen tank I v
Gas diffusion layer
Typically Carbon fibre
transport only = Seal Bipolar plates

—L Coated plate materials

Compression
hardware/ endplates

= System controls
— Thermostat

Thermal & fiuid  _tee  Heat Exchangers
management
— Liquid pumps
Typically - Air handling / — CGclean up

i recirculation
Statonanyienyy — Desulphurisation
o Air flow meter
Fuel processor / — Deionisation

reformer

Reformer catalyst
— Filters

= BoPsubcomponents ==
P— Valves

Legend: | Selected critical component |

e H2 flow meter »
Critical component
e H2 sensor L

Non-critical component

b Humidifier

Figure7: Generic PEMFC supply chain structure
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7 Val ue chain analysi s

7.1  Definition of value chains for targeted FCH applications

To define the value chains for FCH applications we make a conceptual distinction between the relatively
narrow definitional scope of a supply chain, and the wider and deeper scope of the value chain definition.
Essentially, in addon to the elements of the supply chain, the definitional scope of the value chain (as shown
in Figure8) includes:

1 Horizontal extensionspostproduction processg such as distribution, aftesales (operations and
maintenance support), endf life / decommissioning (e.g. recovery, recycling, disposal);
1 Vertical extensiongnablers, which can be sulivided into:

1 Technology development processes: e.g. product/pcess technology development,
production/manufacturing technology developmeandengineering;

1 Supporting business processes: e.g. logistics, finance, design, maraatirsgles, customer
services;

1 Other supporting processes: e.gducation andtraining, infrastructure development ¢é.g.,
fuelling stationsn the case of transport applications) apdlicy making activities

CONSUMPTION / USE

‘ MANUFACTURING

POSIPRODUCTION ‘

[ b I
Parts& Sub Specialiset :
M e

Operati & Platform System eSS Sub Material
Decommissioning perations Distribution Production . Production , yst component ateria’
Maintenance Production Processing

Integration Integration Production

=

Technology Product/ Proces$echnology Development

Development
CUSTOMER Processes
(MARKET)
VALUE

Production / Manufacturingechnology Development & Engineering

VALUEEHAIN Education & Training
Other

Supporting Infrastructure Development
Processes

PolicyMaking

Figure 8: Stylisedrepresentation ofa value chains

For the assessment of the potential for value creation, taking into account the availability of relevant data

and information, we have employed both

1 anarrow value chain definition, for which a quantitative assessment of the potential for value creation
was undertaken, and

1 a wide value chain definition, that includes additional elements for which qualitative assessments of
value creation potential were made.

¢CKS yINNRBg @l fdzS OKIFIAY RSTAYAGAZ2Y SyOo2YL) aé&,Sa gt
associated with, for example, materials processing,-cuhponent production, sulsystem production,
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system production, platform production), together with distribution, and operations and maintenance
activities. Also included in the narrow valuKE Ay RSFAYAGA2Y I NB GKS WGSNJI
technology development processes; which covers both value creation potential arising from pretet

and processelated technological development, as well as value creation potential arigingugh
technological development related to production/manufacturing capabilities. The elements covered within

the scope of the narrow value chain definition are shown within the green bBigure8.

In addition to the narrow value chain elements, the wide value chain definition encompasses the vertical

St SYSyil 2F WadZLRNIAYy3 odaAaAySaa LINROSaaRaqH{ytR W2
creation arising from decommissioning.

C2NJ GKS LlzN1RasS 2F FaasSaaiy3d 1Se O02YLISGAGAOSySaa
SWOT and gap analysis, our analysis was based on the wide value chain definition.

7.2  The shape do future supply chains

7.2.1 Supply chain definitions

To understand how FCH supply chains may evolve it is important firstly to establish a clear definition of a
supply chain in the context of manufactured products. Although definitions vary slighslypplychain is
generally seen as the physical flow of raw materials and components from suppliers, through
manufacturing, to finished goods delivered to customerSupply chain literature sometimes refers to webs
rather than chains and to adjacent flows of dated money, but a physical flow definition is appropriate for

this assessment. Itis fully recognised that many other interactions occur.

Secondly it is important to define the perspective to be applied for examining future supply chains for
manufacturedgoods. Manufactured products typically integrate a wide range of components and sub
assemblies, themselves made up of components and materials. Looking forwards along the chain, the
customer of each supplier is the supplier of another, until the finasaorer. For most fuel cell and hydrogen
products the final consumer is a business, though not necessarily in the case of fuel cell cars and micro CHP.
Given that fuels cells are not the end product and also that final distribution is not of primary infiardsis

study, the perspective applied here is of the product integr&t(also referred to as the assembler, product
manufacturer, product builder or original equipment manufacturer (OEMYcording to industry custom).

For integrators, fuel cells amydrogen generally fall into the category of sourced components or specialised
materials, at supply chaifier 1 or 2, as illustrated iRigure9.

By contrast and to illustrate, an analysis of faiving consumer goods would need to look more closely at the distribution step.
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Tier 3 Tier 2 Tier 1 Product Distributors
suppliers suppliers suppliers integrator

Material

Sub-sub-

Products
assembly

Component

Stocks
Component

Sub-assembly

Products

Material

Component

Product assembly

Products

Material
Sub-assembly

Component

Products

Component

Products

Component

Stocks Stocks Stocks
Figure9: lllustrative supply chain for manufactured product showing physical flows

7.2.2 Manufactured product supply chain influences

In longestablished industries powerful integrators developed over decades, and with them the capability to
manufacture all but minor components. This vertical integration became commonplace in industries such as
automotive and aerospace, but went into reverse from the 1980s as companies began to sellofif@on
operations. Internal supply was replaced by pnaament of components from tiered external suppliers (and
services from outsourced providers), leaving integrators to focus on design, manufacture andbbildimdy.
W{dzZLJLX & OKFAY YFylF3aSYSyidQ SYSNA Saing lplanning, logtigksi OA LI .
procurement and collaboration. Supply chain management continues to devslgported by digital

platforms providing easier collaboration and tighter connections than in the past.

Current FCH supply chains are immature. Several resemble tfsagpl chain management world, in which
most components are made-ouse (in small volumes). Sometimes FCH companies integrate their own final
products to overcome lack of engagement by established manufacturers. This will change as markets grow,
and many~CH supply chains will be reshaped. A central premise of the analysis is that the future supply chain
shape for products featuring FCH will be determined by prevailing industrial logic and that FCH, though
potentially different from incumbent technologieg, A t £  y 20 Fdzy RF YSydlFtte& |€dSH
is used here to describe severalcloddfs f | G SR | a1LJS0Ga 2F | adzZlX & OKI Ay
particular:

1 The market needs and structure that determine what integrators requirsuppliers

1 The power and influence that integrators and suppliers can exert upon each other

1 The customs and culture of integrator collaboration with suppliers

1 The physical location of suppliers relative to integrators.

Shape is not solely a description lgication and product flow therefore, though these are physical
manifestations of the underpinning relationships and approach.
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The four overlapping aspects of supply chain shape are broken down into five separate influence categories,
as shown irFigurelO.

End consumer Consumer expectations of cost, delivery time, customisation and product life cycle

requirements set overall demands that flow along supply chain via integrators Approach
Buying power of An industry with a few dominant integrators is more likely to control supplier prices to market
integrators and influence specifications than numerous smaller integrators Power &
Component criticality, An integrator of a sub-assembly or final product will seek to secure supply of high influence
IP & value value or critical components by vertical integration or partnership with suppliers Custom &
Need for collaboration Innovation or co-development of components between supply chain partners is more culture

in supply chain readily achieved when language and distance do not create a barrier .

Logistical and technical Bulky or hard to transport components need to be supplied close to point of Location
contraints assembly

Figure10: Influences upon manufactured product supply chain shé&pe

The first of these aspects (end consumer requirements) is supportednblysis by H D Per&avhich
identifies different overall supply chain styles appropriate to customer needs, summarised as:

Efficiencyoriented supply chains:

a. Lowest costCommodity products made continuously in high volumes on a forenasthing basis

b.

to ensure high utilisation. Examples: cement, chemicals

Continuous flowStandard products made in high volumes on a rakstock basis so orders can be

met without delay. High plant utilisation important. Examples: bread, household appliances

Fast renewalRapid product changes in response to market shifts, requiring short production runs
against forecast. Standard materials, forecast accuracy and low stock levels keep costs down.
Example: catalogue fashion goods.

Responsiveneszriented supply chains:

d.

Agilke. Unigue product specification per customer and unpredictable demand, satisfied by applying a
maketo-order approach. Some excess capacity and small batch sizes enable fast response. Example:
packaging, (some) military hardware

Customconfigured Productsconfigured from a set of components into one of several set variants
according to customer order. To avoid delays and reduce costs, a continuous flow supply chain of
main inputs is combined with agile assembly and delivery. Example: laptop computerfgofhst
restaurants

Flexible Unpredictable and urgentisequired products bespoke manufactured to order. Fast
turnaround is assured by maintaining spare capacity and adaptable resources; cost is a lesser
consideration. Example: oil platform replacement [gart

Despite this variety, only a small number of the above styles are likely to apply in mature supply chains
featuring the FCH systems considered in this study. These are discussed in the following section, along with
other influences on future supply chedevelopment.

%Based upn work by E4tech and on H D Pereavimw. supply chainquarterly. com/topics/Strateqy/20130366pply-chains trategieswhich-one-
hits-the-mark/
%H D Perez in http://www.supplychainquarterly. com/topics/Strategy/20130306ply-chainstrategieswhich-one- hits-the-mark/
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7.2.3 Implications for fuel cell and hydrogen supply chains

EU FCH Value chains

The influences discussed above will affect the supply chains for FCH products as they evolve from their
current embryonic state towards (assumed) maturity and higher volumes. In thigomsetie shape of
example future supply chains is forecast based upon industrial logic, recognising that each chain has different
characteristics. The combined implication of the influences for each example chain is summarfiablién

Table 8: Potential supply chain shape for example future F8&sed products

Integrated Relevant Descriptors of supply chain shape
product FCH Approach to Power & Custom & Location
components market influence culture
Cars Fuel cells, Each OEM will| Strong OEMs | Collaboration Regional if not
storage offer range of | will seek to with e-chemistry | local component
FC own FC system| suppliers nay be | supply to meet
powertrains, design and needed, but OEM demands
assembled intg assembly, and | more capable
final product | put cost OEMs will build
to match order | pressure on internal
component knowledge.
suppliers
Buses Fuel cells, Bus builders | Few lus FC development | FC and storage
storage will assemble | builders able to| will be by FC sourced globally,
C/ WSy 3 exertstrong system suppliers| though some
supplied as price pressure, | also storage supplier
complete but will build regionalisation
systems in low | close supply may occur to
volumes, plus | partnerships improve market
storage access
Micro-CHP | Fuel cells Continuous Large appliancg Modular Regional ordcal
flow makers may requirements stack supply
production to | own stack may be used to | preferred by
make standard| supply, most | diminish reliance| large integrators
products to will buy from upon a specific
stock close partners | supplier
Larger CHP | Fuel cells Low volume FC company | FC company will | Product
& primary highly may be final require its complexity and
power customised product suppliers to low volume make
products integrator, or | collaborate in single assembly
in partnership | product location per
with a channel | evolution supplier most
to market likely
Electrolysers| Electrolysers| Built to order | Electrolyser Electrolyser Single assembly
products based company likely | company will location per
on narrow to be final have key supplier likely
range of product partners
product integrator
variants
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HRS Compressors| Built to order | The few HRS | Codevelopment | Global supply
bulk storage | product builders will may not be possible, though

configured work closely needed, but local hard for larger
from several | with suppliers | understanding of| components
options of key regulations (hydrogen

components helpful storage)

e.g.

COMpressors

Several overall observations emerge from this assessment:

1 Most supply chains for finished products will evolve to a custemfigured style, with components and
subassemblies supplied on a continuous flow basis and assembled and delivered on an agile basis (small
CHP and very large power/CHP are possible exaetio

1 Powerful integrators control a large section of current-l@Sed supply chains and are unwilling to allow
value and control to leak from their domain. They will exert their power in a variety of ways (already
evident in passenger car lithiuian bateries), for example:

1 The most technically able vehicle integrators will develepdase design and assembly of fuel cell
systems, buying in components to a precise specification (which may be developed with expert
support). This is equivalent to ICE desand manufacture. Hydrogen tanks could follow a similar
route.

f¢2 LINBSOSYyld C¢ASNI M &adzZll) ASNB 06SO2YAy3a (22- OF LI
to-LINR Y G Q 0 a A develped. RigsNallowsKintegrat@®Lto benefit from Tier 1 lowtco
manufacturing whilst controlling IP.

1 To avoid extended supply lines with high working capital value in transit and the risk of disruption,
suppliers of critical components will4acate with final assembly plangsn exchange for long term
supply contacts.

1 Where an integrator of FCH systems has a complex product range requiring several FCH
configurations, modular systems will be demanded of suppliers. This allows the integrator to easily
reconfigure and allows them to compare several suppliers.

91 Partneing will be used by integrators to ensure ongoing access to future FCH technologies.

1 Less powerful integrators will be in a weaker position to influence the specification, price and
manufacturing location of FCH components. Examples include: busespbisets, APUs, HRS and larger
power/CHR; although exceptions may exist in all of these. Integrators will be keen to secure partnerships
with relevant FCH suppliers in these supply chains.

1 Integrators of APUs, electrolysers and large power/CHP sit cldse &nd of their supply chains, in some
OFlasSa o0SAy3 (KS FAYlFf LINPRdzOG AYyGSIANI G2NX» ¢ KSAL
chain management is as relevant to them as to other product integrators and they will need to secure
supplies otritical inputs.

1 The likely geographical location of FCH suppliers depends upon the power balance referred tq above
those serving powerful integrators will be more likely telocate production with final assembly, though
may keep R&D elsewhere. Suppbjumes and ease of transportation also have a bearing upon location,
but global supply from a single location could apply for integrators of some products such as APUSs,
electrolysers, HRS and large power/CHP. However, distributed supply may be cheaéisfyamarket
access considerations, especially where local content affects procurement; examples include buses and
possibly HRS.
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A graphical illustrationHigure11) of the asyet immature supply chain indicates one of the aspects under
consideratiof®. In practice both of these options may exist simultaneously, for different sets of players.

Tier 2 I OEM Builds Fuel Cell Stack
Membrane

OEM OEM
CCM & GDL Builds Builds
Catalyst ' Assembled Individual Fuel Cell
Cells Stacks

Bipolar
Plates

Suppliers to Fuel Cell Stack

Tier2

Supplier
Membrane . Builds Fuel
Supplier Cell Stack

CCM & GDL Builds Module
Assembled Individual Integrated
Cells with Stack

BOP

Catalyst

L ———

Bipolar

Plates

Figure 11: Two plausible options for futur@automotive FC supply chaifs

In closing, it is important to note that this assessment of future supply chain shape assumes that FCH will
reach maturity and will be adopted by integrators. In practice the raqppmay not be smooth and
intermediate supply cain states may apply. It will be important to identify the leading indicators that signal
that a new stage is being reached and so the supply chain model should be adjusted.

7.3 Global and EU market scenariosto 2024 and 2030

7.3.1 Approach

Deployment scenarios haween developed for the global and EU markets for each application to 2024 and
2030. Three scenariasfor high, medium and low levels of deploymenitn units and/or MW of capacity
have been developed.

The scenarios reflect widely known scenarios anddasts such as the IEA Energy Technology Perspectives,
national existind~CHoadmaps, H2 mobility scenarios, scenarios from the Hydrogen Council and targets from
national FCH funding programmes.

% After DJ Wheeler Technologies
27 After DJ Wheeler Technologies
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The specific approaches used to develop the scenarios depeod what data was available for a given
application. Broadly, one or more of the four following approaches was used:

1 Existing applicatiorspecific forecastWhere an applicatioispecific forecast or scenario exists this was
used or adapted. This was rent for the most established applications such as FC passenger cars for
instance.

1 Conventional application forecast plus &fCHyenetration rate:Where an applicatiospecific forecast
does not exist, a forecast of the equivalent conventional {R@# applicationwasused as the basis for
the analysis. DiffererftCHpenetration rateswere used for the different scenarios. This approachs
relevant for some of the vehicle applications, for instance HGVSs.

1 Current conventional market plus growth arfeiCHpenetration rate:Where a forecast of the equivalent
conventional application does not exist, a forecast was developed based on a current market size and
assumed compound annual growth rate (CAGR). Diffef@tpenetration rates were then used to
estimate the FCHapplication deployment.

1 Derived from other scenarios and forecastsor certain applications, a deployment estimate was
derived from the scenarios for related applications. For instance for hydrogen refuelling stations, there
will necessarily b relationship between the size of the deployed FC vehicle fleets and the number of
refuelling stations.

The deployment scenarios are then used to derive estimated annual sales. This data has been combined with
the cost data to estimate global market tuvers by application and to inform the value chain and socio
economic impact analysis.

7.3.2 Deployment scenarios by application

The global and European deployment scenarios for each application are summarTzdia to Tablel2

below. Deployments are presented in both number of units and capacity as appropriate. To avoid double
counting no separate deployment scenarios for compressed hydrogen storage or fuel reformers are
provided as these components are part of the systems in the other applications.

The deployment scenarios are not intended to be forecasts but rather to capture a ohngtcomes that

could reasonably be expected if the various applications begin to be deployed commercially. It is possible
that commercial deployment of some applications may not start at all due to external factors such as a
regulatory barrier in a kesnarket or a policy driver that favours other solutions for that application.
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EU FCH Value chains

Table 9: Global deployment scenarios in humber of units

2024 2030

Application Comments Units L M H L M H

Passenger cars and ligh
FCEV commercialehicles millions 0.33 | 0.90 18 1.6 55 10

(LCV)
FC Buses thousands| 16 24 35 61 120 | 190
HGV thousands| 3.0 3.8 10 20 37 80
FC Forklifts thousands| 48 67 93 85 140 | 230
rT;ﬁ'”S and light units 87 | 190 | 490 | 420 | 1,200| 2,400
Maritime and units 16 | 38 | 110 | 75 | 240 | 520
inland boats
HRS thousands| 0.76 1.9 3.9 35 11 20
Micro CHP 1-5 kW millions 0.75 1.4 1.7 2.3 4.8 7.0
Commercial CHP 5-100 kW, thousands| 4.7 7.3 26 31 72 200
Large CHP >100 kW thousands| 7.3 14 27 17 45 97
Backup power thousands| 42 | 60 | 75 | 85 | 150 | 230
and gensets
Electrolysers N_Ot appllcaple as stack

sizes vary significantly

Table 10: Global capacity deployment scenarios in watts
2024 2030

Application Comments Units L M H L M H

Passenger caend light
FCEV commercial vehicles GW 34 84 170 | 170 | 560 | 1,000

(LCV)
FC Buses GW 2.0 3.0 45 8.0 16 26
HGV GW 060| 0.75 | 21 3.9 7.5 16
FC Forklifts MW 240 | 340 | 470 | 420 | 710 | 1,100
rT;ﬁ'”s and light MW 26 | 58 | 150 | 130 | 360 | 710
Maritime and MW 94 | 23 | 65 | 45 | 140 | 310
inland boats
HRS Not applicable
Micro CHP 1-5 kw GW 0.8 15 1.8 3.0 5.7 10
Commercial CHF 5-100 kW GW 0.5 0.7 2.6 3.1 7.2 20
Large CHP >100 kW GW 7.3 14 27 17 45 97
Backup power MW 70 | 140 | 150 | 190 | 400 | 570
and gensets
Electrolysers GW 1.6 3.2 4.5 5.6 12 21
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EU FCH Value chains

Table 11: European deployment scenarios in number of units

2024 2030

Application Comments Units L M H L M H

Passenger cars and ligh
FCEV commercial vehicles millions | 0.060| 0.20 | 0.48 0.3 1.2 2.6

(LCV)
FC Buses thousands| 1.0 1.7 3.0 3.6 8.4 16
HGV thousands| 0.44 | 0.66 | 220 | 290 | 6.5 17
FC Forklifts thousands| 0.96 | 2.0 4.7 1.7 4.3 11
rT;ﬁ'”S and light units 23 | 61 | 180 | 110 | 390 | 870
Maritime and units 2 4 | 11| 8 | 24 | 52
inland boats
HRS units 130 | 400 | 990 | 600 | 2,300| 5,000
Micro CHP 1-5 kWe millions 0.05| 0.12 | 0.18 | 0.16 | 0.43 | 0.77
Commercial CHP 5-100 kW, thousands| 0.27 | 0.75 | 3.5 1.8 7.5 27
Large CHP >100 kW thousands| 0.07 | 0.65 | 2.2 | 0.29 | 4.0 10
Backup power thousands| 1.3 | 30 | 52 | 25 | 76 | 16
and gensets
Electrolysers N_Ot appllcaple as stack

sizes vary significantly

Table 12: European capacity deployment scenarios in watts
2024 2030

Application Comments Units L M H L M H

Passenger cars and ligh
FCEV commercialehicles GW 6.2 19 45 31 120 | 270

(LCV)
FC Buses GW 0.121 0211 038|047 1.1 2.2
HGV GW 0.09| 0.13 ]| 043 | 057 1.3 3.3
FC Forklifts MW 4.8 6.7 9.3 8.5 14 23
rT;ﬁ'”s and light MW 70 | 18 | 54 | 34 | 120 | 260
Maritime and MW 12 | 24 | 66 | 48| 14 | 31
inland boats
HRS Not applicable
Micro CHP 1-5 kw GW 0.06 | 013 | 0.20| 021 051 | 1.0
Commercial CHF 5-100 kW GW 0.03 | 008 | 035| 0.18| 0.75 | 2.7
Large CHP >100 kW GW 0.070| 065 | 2.2 | 0.29| 4.0 10
Backup power MW 21| 69| 10 | 58| 20 | 40
and gensets
Electrolysers GW 052 ] 081 | 0.91 1.8 3.0 4.3
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7.3.3 Turnover of the global market

EU FCH Value chains

Based on the global deployment scenarios given above and the cost breakdown data presethied in
Evidence Reportan estimate of the range of global turnover associated with each application is given in
Tablel3 below. Note that for the transport applications the turnover estimas based on the cost of just

the fuel cell and hydrogen components.e., the cost of the rest of the vehicle is not included.

More detailed assessments of the economic value of selected applications in Europe is given in the value
chain analysis inestions7.4and7.6.

Table 13: Global turnoverestimate

2024 2030

Application Comments € YATL LA € YATLTA
Passenger cars and ligl
FCEV commercial vehicles 1,0005,100 1,9009,800
(LCV)

FC Buses 240520 390-1,400
HGV 66-220 170580
FC Forklifts 19-52 19-64
TI‘.aII"IS and light 5.29 11-50
rail
!\/Iarmme and 424 7.37
inland boats
HRS 1,3006,400 3,500:18,000
Micro CHP 1-5 kW 390-1,300 1,100-3,600
Commercial CHFA 5-100 kW 290-1,700 910-5,400
Large CHP >100 kW 1,5009,100 2,500-16,000
Backup power 36-82 37-140
and gensets
Electrolysers 230740 450-2,000
Total 5,20025,000 11,00057,000

Value analysis

7.4.1 Estimation of value -added creation potential within FCH supply chains

This suksection presents an assessment of the value creation potential of supply chains for FCH applications
Theassessment uses estimates of the cost breakdown for FCH sy@bemn&led inthe Evidence Repgrt
consistent with the global and EU market deployment scenagiésr high, medium and low levels of
deploymentc which are translated into annual productiomlumes for 2024 and 2030.

The assessment of the value creation potential of production activities within the supply chain uses an
economic valueadded approach, where (gross) valadded equates to the sum of compensation of labour,
return on capital (i.e annualised capital expenditures, capex) and a margin (i.e. gross pasfissiown in
Figurel2.
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In practice ®lue-added is the difference between the price of a méactured part and the price of the
materials and components used to manufacture it, and is typically a small fraction of the overall price of the
part (Figurel12). Equvalently, valueaddedis the difference between the value of production outputs (i.e.
sales revenue or turnover) and the cost of intermediate production inputs, including overhead costs

Margin
- Capital eguipment - Value added

Figure 12: Definition of valueadded

The estimates provided in this sukection are indicative only. Their purpose is to support the assessment of

the relative value creation potential across selected FCH applications at the FC system level, and from the
production of different components and sidystems, including assembly and integration activities. The
SaldAYFGSa FNB 6FaSR 2y |aadzrYSR WGieLAOFfQ LINRBRdAzOG A
development occurring over time and for different production scales. The estimates edgagategorise

the value creation potential of production activities within the supply chain and should not be interpreted as
estimates of actual future valuadded potential. All monetary values are expressed in current (2017) prices.

7.4.1.1 Approach to the ca lculation of supply chain cost estimates

For each critical component, a learning rate curve was developed. Where detailed, batpooast studies
were available, the reported data were fit to a learning rate for each critical compoRe&nirel3 shows an
illustrative example of a curve fit to several data sources BE&RImembrane electrode assembly. Learning
rate cost curves for individual siomponents catalyst, membrane, and gas diffusion layer, for example
were similarly developed. It was possible to directly fit available cost data for the majority of the appkcation
and critical components; however, it was necessary to assume a cost correlation for applitatiohgh

only surveybased system costs were available.
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Figure 13: lllustrative example of fitting cost analysis data from migte sources

The cost curves were expressed in terms of unit annual production (e.g. kW/yeafydaietc.), which
allowed deployment specific component costs across multiple unit sizes to be predithedleading
producer annual production is set al0% of annual deployments, which is used in the valdded
calculations. Due to their modular nature, annual production of fuel cell stacks for bus, HGV, and train
applications are assumed to come from a single supplier. This assumption effectively de¢heasost by
sharing manufacture for multiple applications. By contrast, deployments of some applications such as
electrolysers and commercial CHP systems represent aggregate deployments for all chemistries, thus it was
necessary to disaggregate them.

Material, labour, and capex splits for each component were derived from the cost studies based on their
contributions at full production plant utilization to prevent spurious high capex contributions due to
oversized manufacturing equipment.

The distinctiorbetween cost and price depends on the perspective within the value chain. Cost, throughout
GKAE Fyrftéara NBEFTSNE (2 | &dzJlL) w3$ NIBE Apgdxoricast) fork S NS |
the enduser. Following on the example of an ME#e subcomponent cost breakdowns for catalyst, GDL,

and membrane to the MEA manufacturer include a raplkfor each respective supplier. Similarly, the MEA
material cost to the fuel cell integrator includes a markthe MEA manufacturer applies. Maug rate
assumptions are described below.

7.4.1.2 Approach to the calculation of supply chain value -added

The estimation of (gross) vakaglded potential is composed of three components:

9 Labour:itaken directly from the calculation of cost estimates;

9 Capital:taken drectly from the calculation of cost estimates;
1 Margin (or profit): The estimation of the margin is based on two elements:

T{GFyYRINR ¢ Wy ZhaXBtandatd imaryih (NEfR rdtd) is set at 5% of the total cost of
production inputs (labour + capex +aterials and other intermediate production inputs), excluding
overhead costs. The standard profit rate is applied to all production steps (i.e. production of
components and subystems, and integration and assembly activities).
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9EOSaa y @ W dizif JRIT he ¥xc@sE margin (profit rate) is based on an evaluation of the
adzLJLX @ OKI NI OGSNRAGAOa 2F SIOK LINPRdAzOGUAZY &aidSs
may arise as a result of some form of market dominance of firms active within theigifod step

resulting from market (supply) entry barriers. Such barriers may incloter alia intellectual

property (e.g. patents, proprietary technology, kndwew, etc.), investment costs (e.g. costs of R&D

or production capital), presence of scale eoomes for incumbent suppliers, etc. Three values for

the excess margin are used in the vahdded estimations: zero (0%, only standard margin applies),
medium (5%), high (10%). In contrast to the standard margin, it is assumed that excess margins are
not charged on the cost of materials and other intermediate production inputs but only on labour

and capital costs (capef@ablel4to Tablel6).

It should be noted that if a standard margin is assumed for all production inputs within a system, and
corresponding integration and assembly activities, the estimated market reveraresspond directly with

the baseline revenue estimates for the global and EU market deployment scenarios. Where an excess margin
is applied to one or more elements of the supply chain, it will result in higher revenue estimates than those
of the baselinemarket deployment scenarios.

Table 14: Assumed excess margin by application and production stepEM fuel cells

PEMFC
L Buses, ;
Activity/Component FCEV HGVs, Micro- | ~p Electrolyser
Trains CHP
Systemintegration | High High High High High
Tank High High N/A N/A N/A
Balance of fant Medium Medium Medium High Medium
Stack integration High High Medium Medium High
Balance of stack Medium Medium Medium Medium Medium
Bipolar plates Medium Medium High High High
MEA High High Medium Medium Medium
Membrane High High High High High
Catalyst Zero Zero High High High
GDL/Porous layer | High High High High Medium

Table 15: Assumed excess margin by application and production stgpolid oxide fuel cells

SOFC

Activity/Component| M (I;C|f|(|)3 CHP | Electrolyser
System integration | High High High
Balance of plant Medium Medium Medium
Stack integration High High High
Babnceof stack Medium Medium Medium
Interconnectors Zero Zero Medium
Porous layers Zero Zero Medium
Seab Zero Zero Medium
Cells Medium Medium High
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Table 16: Assumed excess margin by production steplydrogen refuelling stations

Activity/Component| Hydrogen refuelling station

Station integration | Medium

Balance oftation Medium
Compression Medium
Dispensers High

7.4.2 Overview of supply chain value -added estimates

Value is added at each stage of the manufacturing process. For later manufacturing stagesclgatiom

earlier stages becomes part of the price rohterials Figure 14). By tracking the value added for key
components as well as for the system, the study is able to provide insight into which parts of the supply chain
have the potential to create the biggest@nomic benefits.

Margin System All value-added
Capital equipment integration contributions
Labour

.

Stack
MEA [

Figure 14: Buildup of valueadded through the supply chain illustrating that valuadded is typically a small
fraction of turnover

The different elements of valsedded yield economic benefits in different ways

Labour

w Value is captured as local employment

() Manufacturing plants located in the EU yield EU value
W Home country of business entity is not critical

Capital

W Value is captured by suppliers of capital equipment

() Requires EU capital equipment suppigo yield EU value
Margin

() Captured as revenues of business entity

W Requires EU business entity to yield EU value
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The sectiors belowpresent the estimated breakdown of vahaelded generatedin the supply chain of fuel
cell systems for each of the seled applications. The box below gives a short description of the
interpretation of the valueadded indicators shown in the figures for each application.

Interpretation of valueadded decomposition figures

For each element (stage) in the supply chain:

A Row 1(orange bar) shows the share of the production stage in tetdleaddedcreated in the
FCH system supply chain. The higher the value shown for a production stage, the great
share of total valueadded generated within the supply chain for theH-§ystem.

A Row 2(blue bar) shows the intensity of vahkaglded creation of the production stage, measul
as the ratio of valuedded (labour, capital consumption, and margin) to the suvadfieadded
plus overheads and the cost of added materials, where added materials includes the c
components and subystems for which costs are attributed elsewhere in the overall supply ¢
calculations.A high value indicates that this production step gextes a lot of valuadded
compared to the costs of performing that step.

A Rows 3 to 5(turquoise bars) show the composition eflueaddedof the production stage it
terms of the share of its labour (L), capital cost (K) and margin (M) components.

FCEV Stack

integration
Share of application VA from this production step _
Share of VA in price of this production step

Share of labour in VA of this production step (L)
Share of capex in VA of this production step (K)

Share of margin in VA of this production step (M)

The analysis for the FCEV application is given as an example below with the details for all the applications
given inAppendix A

7.4.2.1 Estimated value creation potential for FC systems for passenger cars and light
commercial vehicles

Figurel5, Figurel6, andTablel7 show the estimates of the breakdown of valadded for FC systems for
passenger cars and light commercial vehicles, under the low and high market ssef@ri@030;
corresponding to annual production volumes of 300 thousand and 1.8 million vehicles, respectively. A
comparison of the breakdown of vakaglded creation for all three deployment scenarios for the years 2024
and 2030 is given ihable27.

The pattern of valuedded estimates indicates that at low levels of production, membrane electrode
assembly (MEA) activities capture the greatest shatetal valueadded generated in the supply chain of

fuel cell systems for cars and light truck®7% of valueadded in the low scenario for 20&Mut their share

declines substantially as production levels are scalgdthe share of MEA falls to 8 peradsy 2030 under

the high deployment scenario. Conversely, the share of vatideed captured by system integration
increases at higher production levels, asis also the case for hydrogen tanks. These findings reflect differences
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in the underlying assumptienfor opportunities for overall cost (output price) reductions at higher volumes

of production, which are assumed greater for MEAs than for system integration and tanks. In terms of value
capture across downstream and upstream manufacturing, the estimaitearly show that more value is
captured downstream (at the system and subsystem level). This holds for both low and high market
deployment scenarios. Notably, a large part of overall value creation potential is embedded in integration
and assembly actives.

The highest intensity of valuedded creation, at around 60 percent, is in the production of balance of stack
items, which covers components such as seals and compression hardware. However, as is also the case for
the balance of plant at the systemtegration stage, this reflects an average estimate across a variety of
components for which separate cost estimates have not been made. Gas diffusion layer (GDL) production
has the second highest share of vagded in both high and low scenarios, agistly less than 50 percent.
However, despite this high share, the vatdded captured at the GDL stage remains low at only 5 percent

of total valueadded generated in the FCEV supply chain in the low scenario, which decreases as production
levels increas.

In terms of the breakdown of valle RRS R 06& WLINBRdAzOGA2Yy Tl OG2N OF (S:
the highest overall share is attributed to the annualised cost of capital (capex), which is estimated to account

for about half of valueadded geneated in the low scenario for 2024 and a third of vahdded in the high

scenario for 2030. Both the share of labour costs and the share of margins in totahdalee are shown to

rise with increases in the volume of production, with the share of lalbosts increasing slightly more rapidly

than the share of margins. At the level of individual components and integration/assembly activities, the
share of labour costs in total vahkalded is estimated to be relatively high for balance of plant (for system
integration), tanks, gas diffusion layer (GDL), and system integration. The share of capital costsaddedue

is highest for balance of stack, membrane electrode assembly, and bipolar plates.

Subsystem Sub-component Sub-component

FCEV system FCEV Stack Membrane Electrode Gas Diffusion
integration el integration w Assembly Layer

Membrane

B Tank "84 Bipolar Plates

S Xr

ol Balance of Plant >l Balance of Stack ol Catalyst

- Share of production step in total (attributed) value added within the supply chain
Share of value added in total output price of production step
Breakdown of value added of the production step by type: Labour (L), Capital (K) and Margin (N

Figure 15: Valueadded decomposibn for FC system for cars and light commercial vehicles, low market
deployment scenario, 2030
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System b-component Sub-compon
FCEV system FCEV Stack Membrane Electrode Gas Diffusion
integration integration wl Assembly

Membrane

S Xr

aml Balance of Plant o o Balance of Stack ol Catalyst

- Share of production step in total (attributed) value added within the supply chain
Share of value added in total output price of production step
Breakdown of value added of the production step by type: Labour (L), Capital (K) and Margin (N

Figure 16: Valueadded decomposition for FC system for cars dight commercial vehicls, high market
deployment scenario, 2030
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Table 17: Valueadded decomposition for FC system for cars and light commercial vehicles by market

deployment scenario, 2024 and 2030

Year 2024 2030

Deployment scenario Low Medium High Low Medium High

Total annual production 95 352 645 04| 1,062| 1,796

(Thousand units)

Annual production rate of

leading manufacturer 57 211 387 182 637 1,077

(Thousand units)

System (_:OSt M N € T2 € c2 € y3 € c2 € p32

(Output price)

Total VA within system € H2J € M2 €15000 € M2 € M2 € wmZ

Application VA as a shars

of total costs 27% 23% 22% 23% 21% 20%

(VA / output price)

Rate of VA

(VA | material & overhead 37% 30% 28% 31% 27% 26%

costs)

Breakdown of VA by componentor activity

Total VA in system 35% 45% 51% 44% 55% 61%

(excl. MEA and Stack)

FCEV system integratiory 10% 14% 17% 14% 19% 22%
Tank 13% 17% 19% 17% 21% 23%
Balance of Plant 12% 14% 15% 14% 16% 16%
(T;(tsl \(AAEQ)StaCk 10%|  21%|  21%|  21%|  23%| = 24%
FCEV Stack integration 14% 13% 13% 14% 13% 13%

Bipolar Plate 3% 5% 5% 4% 6% 7%
Balance of Stack 2% 3% 3% 3% 4% 4%
Total VA in MEA 46% 34% 28% 35% 22% 15%
ME Assembly 38% 26% 20% 27% 14% 8%
Gas Diffusion Layer 6% 5% 5% 5% 4% 4%
Membrane 2% 2% 2% 2% 2% 2%
Catalyst 0% 1% 1% 1% 1% 1%

Breakdown oftotal VA by cost category

Labour cost 21% 26% 28% 25% 30% 33%

Capex cost 50% 43% 40% 45% 37% 33%

Margin 28% 31% 32% 30% 33% 34%

Total 100% 100% 100% 100% 100% 100%

Notes: numbers may not add up due to rounding of data

54



£N
\ = 4 E4teCh EU FCH Value chains

7.5 Industry scenarios

Industry scenarios were developed feight down-selected applicationsThe industry scenarios lay out
possible futures of the European FCH value chain, exploring what could happen in the future and what the
implications of these possible futures mightbe ¢ KS a2 0SSyl NA2a | NB y20 AyudSyR
that they do not set out an ideal or expected outcome. Rather they serve as a framework for assessing the
socieeconomic impacts of possible futures with more or less developed European k@€Hckains. This
assessment can then provide insight into the conditions that may be necessary to maximize the European
sociceconomic benefits of the FCH value chain.

Two key parameters are varied in the scenarios: 1) the extent of deployment of FCldlogids and 2) the
share of FCH production that is captured by EU actors. The three scenarios are shown grapFRicgifg in

17.

A
High )
o Scenario C
G High deployment
5 High EU production share
c
0
o
S  Medium
©
o
o
D Scenario A Scenario B
L Lowdeployment High deployment
Low Low EU production share Low EU production share
v
< : >
Low Medium High
Deployment

Figure17: Industry scenario summary

In Scenario A, global and EU deployment of FCH technologies is assumed to be low while for Scenarios B and
C, that deployment is assumed to be high. In Scenarios A and B EU actors capture a low production share of
the global FClharket, primarily as specialty producers of subsystems and components. Whereas in Scenario
C, EU actors capture a higher share of production including capturing a more significant role in system
integration for some applications.

A more detailed descriptn of how Scenarios A and C might manifest is given in the subsections below for
each of the applications for which detailed value analysis was conducted. These scenario descriptions were
validated in a workshop with industry and EC experts and the saenhaive been adapted to reflect the
feedback received from the experts.

The industry scenarios were then used to evaluate the potential Europeanesmmimmic impacts of each
application. The results of this assessment are presented in Sé&céon
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7.5.1 Approach to describing the scenarios

For each application and scenario a snapshot of what the applicapiecific industry might look like in the

2020s and by 2030 is jpured. This snapshot shows the location of system assembly focussing on the three
key global regions of Europe, North America and Asia (primarily China, Japan and S. Korea). The snapshot
also indicates what trade flowsin components, systems or bothwould be expected at that time, in that
scenario, for that specific application. The snapshots are accompanied by a bullet point description of key
aspects and drivers of the industry for that application in that scenario in that timeframe. The snapshots
focus on illustrating the situation of the relevant European industry so some flows, e.g., to N. America may
have been omitted for clarity.

An example snapshot diagram along with a key is shoviigirel8. This example shows system assembly
occurring in Asia (Japan) with flows of components from Europe and N. America to Asia and a flow of systems
from Asia to EuropeThe industry scenarios for the FCEV application are shown as an example in Section
7.5.2below andall thescenarios are id\ppendix B

Regiors System assembly
N America Keyassembly locations
EU aKz2gy oAuUK |
Asia Sizeof W linBicates
relative importance
Tradeflows Colourof?! Q NXB T €
origin of actors
Components -
Svstems Black letterindicates
Yy actors from more

Both than one region

Flows colour coded
by source region

Figure 18: Example industry scenario snapshot diagram with key

7.5.2 FCEV industry scenarios

1 Automotive OEMs are global actors and rely on a highly optimized gdapply chain in which Tier 1
suppliers play a key role

1 OEM production processes accommodate both low volume (1,000s to 10,000s per year) and mass market
(200,000s per year) models
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1 OEMs ship vehicles internationally as well as putting in place local agseapalcity in other regions
9 For higher volume lines, suppliers will put in place local production capacity to support the assembly
plant

Scenario A: 2020s Scenario A: By 2030
Su=— A A N A

 Asian OEMs dominate 1 Asian OEMs are starting to build
f Initial supply chain is global using available manufacturing capacity in other regions

suppliess 1 EU and NA OEMs are still in early stagesc
1 Some EU actors export components to Asi; ~ developing capacity

OEMs 1 Regional supply chains in EU admerica
f Vehicles are imported from Asian OEMs are being put in place

1 EU actors supply components primarily to
local production but also to other regions

Scenario C: 2020s Scenario C: By 2030

f EU, Asian and NA OEMs all play a role 1 Supply chain is starting to consolidate arou
1 Initial supply chain is global using availa  Ter 1sratherthan pure FC players

suppliers 91 Proportion of locally produced conter
f EU actors export and import components increases _
f Vehicles are imported and exported 1 Component suppliers (EU and global) dbt
manufacturing capacity close to vehic
assembly

1 EU actors export and import components

91 Higher volume models are trending towar
local assembly by global OEMs with loc:i
produced parts from global suppliers

7.6  Socio-economicimpacts

This section provides an overview of see@nomic impacts that can be expected to be related to the
European industry performance as sketched out in the two scenarios A and C as described in7&ection
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above. The analysis takes as a starting point the global and European market scenarios as presented in
Section7.3and isbased on the assumptions already described in SectidnThe main socieconomic

impacts of the key applications are highlighted below. The vatideed and socieconomic impact figures
reported in this section relate to FCH manufacturing and its immediate ecosystem of suppliers. The impact
estimates take into consideration the following elements (see Se@tibon Value chain definition):

T

Direct jobs The labour contributions to valtedded at each level of the supply chain covered by the
cost breakdown were translated into an estimate of direct jobs associated with timaseifacturing
activities. The supply chain covered by the cost breakdowns only extends upstream as far as components
and processed materials and does not cover the extraction of raw materials.

Indirect jobs The cost breakdown of each component includke tost of materials added in that
production step. As the supply of these materials is separate from the upstream components explicitly
listed in the cost breakdowns, the jobs created in the supply of these materials are estim&tetirasiQ

jobs. Fotthe transport applications considered, this included jobs in the supply of thé=@bh elements

2F GKS LWE AOFGA2YS yIYSte GKS NBad 2F GKS @SKA
manufacturing jobs that are needed to supply ngmonents and materials that go into the FCH
applications.This is differentand much narrowetthan the typical usage of an indirect employment
multiplier to capture broad vertical and horizontal extensions to the value ch&ng., demand for
services germated by manufacturing employeegjhe numbers in this category will therefore be smaller

than for studies with a broad indirect employment definition.

Maintenance Jobsin maintaining the deployed FCH units are captured separately. This is the only down
stream extension included in the analysis.

It is important to note that the socieconomic impact assessment is focused on manufacturing and does not
include other extensions such as:

1

Wl 2NRAT 2y Gl tQ SEGSyarzyas S oDgicatioksSthelraNghiddgerdemigd 2 F
by operating the FCH equipment, or the provision of other services related tothe FCH applications.

W+ SNIAOIfQ SEGSyairzyar So3aod 2G0KSN) adzllll2 NI Ay 3
marketing and salestc. that are often captured in indirect employment estimates.

The included scope is shown graphicallgigurel9 below. Figure20 shows how employment in
manufacturing in the supply chain is classified as direct agliceict.

Included scope

Manufacturing

Maintenance < Systems Sub-systems Components Materials

End-

H2 i
production and H2 retail e

distribution equipment . .
Supporting business processes
After-market services and
new business models

Figure 19: Value chain schematic showing scope included in s@@onomic impact assessment
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Materials Materials Materials Materials Indirect
Systems Sub-systems Components Materials Direct
Non-FCH content Indirect

Figure 20: Classification of direct and indirect employment in FCH manufacturing in the analysis

7.6.1 FCEVs

Table 18: Key socieeconomic figures for FCEVs by industry scenario (2024 and 2030)
Year 2024 2030

Scenario A |ScenarioB |ScenarioC |Scenario A |ScenarioB |Scenario C

Global Market
System unit cost € MnlZynae cXynne cIynne yiImnne pinnne pl
Global annual deployment 100,040 650,0q0 650,040 300,040 1,800,00 1,800,00
Global system production value (million) € MInnne niInnne ninnne HIYIpnne dIynne ol
Global system O&M value (million) € tn € Hp~N € Hp~A € Hcn € MIndne wml
European market and production
European annual deployment (units) 20,000 170,000 170,000 60,000 470,000 470,0d
European production value (million) € Mnn € dqnn € mInnne€ onn € MIynne o7
European O&M value (million) € Mn € |rn € |rn € pn € HpnN € H

Macro-economic impact

Value added - Total (million) € on € MTAN € nmnn € n € npn € T
Value added - Labour (million) € Mn € nn € [bn € HnN € MHAN € M
Value added - Capital (million) € Mn € yn € Hnn € pbn € HAAN € 0
Value added - Margin (million) € Mn € pn € MM~ € HnN € Mnn € H
European annual trade balance impact (million e |Mnna Tme fjcnn € HAN me Mmnn me fynn €

Employment impact

Direct employment system production (fte) 200 1,000 2,400 500 3,100 5,1
Direct employment O&M (fte) 100 600 600 400 2,400 2,4
Indirect employment (fte) 800 6,700 16,140 3,200 25,400 43,60
Sum (fte) 1,100 8,300 19,140 4,100 30,9040 51,1¢

Industry scenario A: Low deployment, low EU Production share

T

Direct employment, With an annual global production volume of 300 thousand units, only 39,000
passenger cars and light commercial vehicles (13%) are expected to be produced in Europe. The total
European Production value of fuetll related partsis therefore limited in thssenario, asthe European

share in an already low global market scenario is limited and as European production is below that. The
LINE RdzOG A2y @ tdzS 2F C/ aeé& wEhYazorreshoddiny vakaedded®of € o n n

Be kS Gzilf SadAYl GSR @811d4z8 2F C/ a&adisSvya LISNI OF N A& «
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I 0 2 dzi 2° dvpst valueaddedwould come from subsystem and (s)domponent production and
much less so from system integration. Overall European number of employees on the production line
related to these activities would be minimabn the order of 500.

f  Maintenance¢ Maintenance wdzf R 0S5 SELISOGSR G2 o0 tnfhé alrdagly € p n
installed capacity built up in the years prior to 2030, employing a further 400. Other horizontal extensions
are not included.

1 Indirect employmeng The production of upstream activities inding the provision of inputs such as
raw materials and supplies would employ another estimated 700 staff. As FC systems would only make
dzZLJ I aKFNB O6SELISOGSR Aa w 1:iud celrélatell pt@iuctdb wlhelvoukla Q @
beexpectedi 2 6S | NRdzyR eynnY> Sy3aB3IAy3a | FdNIKSNI HZp

1 Trade balance As the European demand in this scenario would be rather weak, the case for (Asian)
OEMs to build production capacity in Europe would be rather weak too. Whilst European exports would
be meaningful for a number of components (as mentioned above), overall trade balance for Europe
g2dd R 0SS yS3IlIGABSE 2y GKS 2NRSNI 2F emnnYd ¢KAA
would still, to a large extent take place outside of Europga{dnstrated by the fact that the total number
of units sold in the European market would be 60,000, whilst the European production would be only
39,000 units).

1 Inconclusion, the overall valtedded and employment related to the production of FC systemslavo
be low in this scenario. Several multipliers would make the overall -s@tinpomic impact more
substantial. It would however be doubtfid with European value chains being rather fragmented
whether the European production basis in this scenario woeldudficiently strong to withstand and/or
substantially expand in the subsequent perih light of global competition and weak European market
development.

Industry scenario C: High deployment, High EU production share

1 Directemployment This is a radally different scenario, not only because global production volume of
1.8m units, but also due to the fact that over 30% of these passenger cars and light commercial vehicles
(570,000) are expected to be produced in Europe. The expected production ¥&ueopearproduced
C/ aedaidtsSyvya | Y2 dzy @Bavithiazorrespording vialle RBSS\NI 825 NFo®atali € 1 ¢ s
the European number of direct employees on the production line related to these activities would be
around 5,100.

f Maintenanceg Maintenay OS ¢2dzZ R 0SS SELISOGSR &duekoYe diytady (2 ¢
installed capacity built up in the years prior to 2030, employing a further 2,@@er horizontal
extensions are not includéél

®The valueadded by component has been described in section 7.4.

%0 Assuming maintenance to be 2% of capital costssumption based on https://www.leaseplan.com/corporate/neaisc-
media/newsroom/2018/car%20cost%20index; AND https://elib.dIr.de/B8/EVS26_Propfe_final. pdf

%1 This ratio between production and ngaroduction workers is typically 1:4 in mature automobile manufacturing; however due to the relative low
production volumes in this scenario and the less mature nature of FCEV prodbgti®®30, a more conservative 1:3 ratio could be applied. This

would amount to another 1,500 jobs, which are not included in the above table.

2|tis assumedthatthe ne@/ &a&@ &GSY LI NI o6GKS WIfARSND A DS DI dMSKeAnQfE So ool AXI KR daiy A yRINSKI
the ICCT and TMU

BeKS G20+t SAGAYIFIGSR @l tdzS 2F C/ &aeaidsSvya LISNI OFNI A& € popnnz 2SN
% The valueadded by component has been described in section 7.4.

% Assuming maintenance to be 2% of capital costs.Assumption based on hitps://www.leaseplan.com/corporate/neasd-
media/newsroom/2018/car%20cost%20index; and https://elib.dIr.de/75697/1/EVS26_Propfe_final. pdf

% This ratio between production and ngaodudion workers is typically 1:4 in mature automobile manufacturing; however due to the relative low
production volumes in this scenario and the less mature nature of FCEV production by 2030, a more conservative 1:8 ragcapplied. This

would amount b another 15,300 jobs, which are not included in the above table.
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1 Indirect employmeng The production of upstreamctivities including the provision of inputs such as
raw materials and supplies would employ another estimated 7,000 staff. FC systems would only make up
a small share (expectedis 20%) of the vehicles, due to the fact that economies of scale wouldlgpply o
to the FC system part and not to the remainder of the vehicle. Hence, the totafuebrecell related
LINE RdzOG A2y @FfdzS é62dfd R 6S SELISOGSR (2 B8 20SNJ ¢
9 Trade balance As the European production in this segim would be much stronger, the supply chain
is starting to consolidate around Tier 1s rather than pure FC players. The proportion of locally produced
content increases, whilst component suppliers (European and global) build manufacturing capacity close
to vehicle assembly. European actors export and import components, but the overall trade balance for
Europeispositive Y2 dzy G Ay 3 (G2 Fo2dzi epnnYd ¢KA&A OFy 0S5 Af
of vehicles produced in Europe (570,000) is eigto be higher than European demand (470,000), thus
allowing for exports of 100,000 units.
1 Inconclusion, the overall valtedded and employment related to the production of FC systems would
be entirely different in this scenario. Whilst direct vatadded and employment at FC system production
lines would only be modest, several multipliers would make the overall -s@coomic impact
ddzoadl yidAlrt o 9dzNRLISEHY @ fdz2S OKFAYya 6SAy3 YdzOK Y
much more advantages visa-vis other global players offering substantial room for expansion in the
period after as well.

¥|tis assumed thatthe ne@/ &8 adGSY LI NI O6GKS WIEARSNDR AdSodr GSKAOES gAlGK2dzi +F RNA
the ICCT and TMghence similar to Scerio A, as economies of scale are expected to apply only to they$tém.

LG Oy 06S 20aSNBSR (KFG GKS 208Nyttt 028G LINAOS RATT SNG WidtBereord NJ C/ 9 £ ¢
expected that differences ineinand are mostly exogenous, e.g. through the policy framework.
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7.6.2 Fuel cel buses
Table 19: Key socieeconomic figures for fuel cell buses by industry scenario (2024 and 2030)

Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market

System unit cost € pdZnnen nclZcnen ncl|Zcnen nclZdnen onj|Zdnen on
Global annual deployment 4,000 10,0Q0 10,040 10,0Q0 40,000 40,0(
Global system production value (million) € Hn~n € nTn € nTn € nNTnNn € MInnne ™

Global system O&M value (million) € HAN € nn € nn € [tn € Mp~n € M

European market and production

European annual deployment (units) 200 1,000 1,000 600 3,800 3,8
European production value (million) € Mn € nn € pn € HAN € MMAN € M
European O&M value (million) € |m € |o € |o € |o € MH €

Macro-economic impact

Value added - Total (million) e |o €|y € MO e |lp € HH €
Value added - Labour (million) € |m € |H € |o € |m € |c €
Value added - Capital (million) € |H € |n € |c € |o € |d €
Value added - Margin (million) € |m € |o € |n € |H €T €
European annual trade balance impact (million € |mo € |n € |n € |mc € |n €

Employment impact

Direct employment system production (fte) 20 50 Y0 ] 1%0 2
Direct employment O&M (fte) 10 80 80 80 100 1
Indirect employment (fte) 110 380 570 260 1,4%0 2,1
Sum (fte) 140 460 670 30 1,790 2,4

Industry scenario A Low deployment, low EU Production share

91 Direct employment; With an annual global production volume of 10,000 thousand, only 600 are
expected to be deployed in Europe and only 470 produced. The total European production value of fuel
celtrelated parts is therefore limited in thisscenage H N Y LISNJ € S+ NE & A Gallded O2 N.
2F 1 062dz2i epYdP h@SNIftf> GKS 9dzaNRLISIY ydzYoSNI 27F
activities would be around 30.

T Maintenancec Maintenancewould8 SELISOG SR (2 | Y®defdthe dreadginstilled: y y dz
capacity built up in the years prior to 2030, employing a further 30. Other horizontal extensions are not
included?.

1 Indirect employmeng The production of upstream activities includingetprovision of inputs such as
raw materials and supplies would employ another estimated 50 staff. As FC systems would only make up

I &aKFNB O0SELISOGSR A& HmE: OfuekcEl relakedprodustion valfieSvaud bed | £ dz

expectedto be & dzy’' R 4& enga¥ing a further 210 employees.

1 Trade balance; European demand in this scenario would be weak, and the case for local system
integration not strong. European component manufacturers would export some, notably to North
America but overall OE$/to build production capacity in Europe would be rather weak too. Whilst

% Assuming maintenance to be 2% of capital cdStgen the intensive use of FC buses this estimate is likely to be conservative.

40 This ratio between production and ngmoduction workers igypically 1:4 in mature automobile manufacturing; however due to the relative low
production volumes in this scenario and the less mature nature of FCEB production by 2030, a more conservative 1:3iraécapplied. This
would amount to another 90 fus, which are not included in the above table.

“! Across the scenarios, @htotal estimated value ofion-FC systemparts per bus is estimated at a constart150.000
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European exports would be meaningful for a number of components (as mentioned above), overall trade
ot yOS F2NJ 9dzNBLIS g2dZ R 06S yS3aAFGABS oySi AYLRN

1 In conclusion, the ovall valueadded and employment related to the production of FC buses systems
would be very low in this scenario. Several multipliers would make the overallesomimmic impact
somewhat more meaningful.

Industry enarioC: High deployment, High EU prodien share

1 Directemployment Global as well as European deployment are more substantial in this scenario, and
on balance the European demand for 4,000 buses annually would be similar to European production
levels. The expected production value of EurapedNE RdzOS R C/ 0 dza Sgeryéal \Bittzy ( & |
a correspondingvalueadded of about € 0 a ®verall,the European number of employees on the
production line related to these activities would be arogD.

f  Maintenancec Maintenance would be expectedtoY 2 dzy i G 2 € mquddertorthelalyesigzl t £ &
installed capacity built up in the years prior to 2030, employing a further 100. Other horizontal extensions
are not included?.

1 Indirect employmeng The production of upstream activities including the prarisof inputs such as
raw materials and supplies would employ another estimated 380 staff. As FC systems would only make
dzZLJ I &KIF NB O0SELISOGSR A& H mfua cer@lated ptiuctds valuembulda Q@ @

1 Trade balance; Overall, European trade balance would be zero, however this would mask the fact that
Europearnbus stack manufacturers havesaong share of theEuropearbus market and are exporting
stacks andubsystems

1 In conclusion, although the overall valadded and employment related to the production of FC bus
systems would be modest in this scenario, several multipliers would make the overalesonmmic

impact of this segment meaningful.

42 This ratio between production and ngmoduction workers is typically 1:4 in matuaaitomobile manufacturing; however due to the relative low
production volumes in this scenario and the less mature nature of FCEB production by 2030, a more conservative 1:2iraécapplied. This
would amount to another 660 jobs, which are not in@ddin the above table.
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7.6.3 HGVs (trucks)

Table 20: Key socieeconomic figures for HGVs (trucks) by industry scenario (2024 and 2030)
Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market
System unit cost € TnlZcnen pnjZnnaen pnjZnaen pnjZT nen nAjZnnen non
Global annual deployment 1,000 4,000 4,000 4,000 17,0Q0 17,0€
Global system production value (million) € yn € Hon € Hon € Hnn € dyn € G
Global system O&M value (million) € |n € Mn € Mn € HnN € [rn €

European market and production

European annual deployment (units) 200 1,000 1,000 600 4,000 4,0
European production value (million) € Mn € nn € rn € pbn € Mon € H
European O&M value (million) € |m € |o € |o € |o € Mp €

Macro-economic impact

Value added - Total (million) e |o € MH € My €T € pbn €
Value added - Labour (million) € |n € |H € |nm € |m € |T €
Value added - Capital (million) € |H € |c € Mn € |n € Mn €
Value added - Margin (million) € |m € |o € lp € |H € | €
European annual trade balance impact (million € |mH € |n € |n € T € |n €

Employment impact

Direct employment system production (fte) 10 50 100 10 180 3
Direct employment O&M (fte) 10 4] 0 80 130 1
Indirect employment (fte) 100 520 810 360 1,980 3,3
Sum (fte) 120 600 930 480 2,290 3,7

Industry scenario A Low deployment, low EU Production share

T

Direct employmeng The market for HGVs is limited in this scenario, anitl numbers are somewhat

below those for FCEBs. With an annual global production volume of 4,000 thousand, only 600 are
expected to be deployed in Europe and only 500 of those produced in Europe. However, due to the need
for highpowered vehicles and thiarger size and/or number of stacks, therelaited system costs are
SELSOGSR (2 68 &donaidlyidAlrt éepnZtnn LISN dslaidoz
NEfFGSR LINI& 2F e€eonyY LISNRBSRNET &lkonpadable texBadaNS a L2
buses. Overall European number of employees on the production line related to these activities would

be around 40.

MaintenancecMl A Y G Sy | yOS g2dAd R 65 S E LI%Aue Hkhe direadytinstletty (i G -
capacity built up in the years prior to 2030, employing a further 30. Other horizontal extensions are not
included*.

Indirect employmeng The production of upstream activities including the provision of inputs such as

raw materials and supplies would employ another estimated 60 staff. As FC systems would only make up

I aKFNB O0SELISOGSR A& Hc: OfuekcEll relakedprogustiom valfieiduld bed | £ dz
SELISOGSR (2 85%nghging ahyftRer 30Meployeés.

43 Assuming maintenance to be 2% of capital cdStsen the intensive use of HGVs this estimate is likely to be conservative.

4 This ratio between production and ngmoduction workers is typically 1:4 in mature automobile manuignt; however due to the relative low
production volumes in this scenario and the less mature nature of FC HGV production by 2030, a more conservative Li8 ragiapplied. This
would amount to another 120 jobs, which are not included in the ababiet

4 Assuming the noiirC part of the HGV é200,000 per unit
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1 Trade balance; Imports and exports of components mostly, however the overall trade balance for
9dzNR LIS g2dZ R 6S yS3IAFGABS oySi AYLRNIA 2F e€eT1Y0O®
1 Inconclusion, the overall valtedded and employment related to the production of HGV systems would
bevery low in this scenario. Several multipliers would make the overall-sgoioomic impact somewhat
more meaningful.

Industry enarioC: High deployment, High EU production share

1 Direct employment Annual global production volume of 17,000 thousanfiybich 4,000 deployed in
Europe, allows more room for production in Europ@bout 5,000 are produced in Europe by 2030.
Economies of scale starttokick in{RGf I § SR aeadisSy O02adGa | NB SELSOI
unit), resulting in a total European production value of {06 f f NXf I G SR LI NIlia 27F e
caresponding valué RRSR 2F | 02dzi epHY® h@SNItt 9dzNRBLISSIH Y
line related to these activities would be around 320.

1 Maintenancec M AY i Sy yOS 62dZ R 65 SELISOig8ue toithe already? dzy (i
installed capaty built up in the years prior to 2030, employing a further 130. Other horizontal extensions
are not includedp.

1 Indirect employmeng The production of upstream activities including the provision of inputs such as
raw materials and supplies would employatimer estimated 500 staff. As FC systems would only make
dzZLJ I aKFNB O6SELISOGSR Aa H wiud cerélatel pt@iuctds wlheloulla Q @
0SS SELISOGSR 27 engaging Brdsf R 800 employaes.

1 Trade balance Imports and exports of components, with a neutral trade balance as a result.

1 Inconclusion, the overall valtedded and employment related to the production of HGV systems would
be moderate in this scenario. Several multipliers would make the overallsooimmic impact related
to the production of HGVs meaningful.

4 This ratio between production and ngmoduction workers is typically 1:4 in mature automobile manufacturing; however due to the relative low
production volumes in this scenario and ties$ mature nature of FC HGV production by 2030, a more conservative 1:3 ratio could be applied. This
would amount to another 960 jobs, which are not included in the above table.

4 Assuming the noifrC part of the HGV é200,000 per unit
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7.6.4 FC systems for trains and lightrail

Table 21: Key socieeconomic figures for FC systems for trains and lightrail by industry scenario (2024 and
2030)

Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market

System unit cost € HANqZIMeN/MC Y ZMeN/MC T ZMEN/MC | ZCENnMH Y 2 dEN IMH Y
Global annual deployment 80 160 160 B0 400 4
Global system production value (million) € Mn € pn € pn € Mn € pn €
Global system O&M value (million) € |n € |n € |n € |n € Mn €

European market and production

European annual deployment (units) 10 v 0 70 00 160 1
European production value (million) € |m €| € MH € |o € MT €
European O&M value (million) € |n € |m € |m € |n € |o €

Macro-economic impact

Value added - Total (million) e |n € |H € |H € |m € |o €
Value added - Labour (million) € |n e |n € |m e |n € |m €
Value added - Capital (million) € |n € |m € ™ € |n € ™ €
Value added - Margin (million) € |n € |m € |m € |n € |m €
European annual trade balance impact (million € |n € |n € |n € |nm € |n €

Employment impact

Direct employment system production (fte) - 10 0 - 0
Direct employment O&M (fte) - 10 10 - 0
Indirect employment (fte) 50 420 580 150 1,020 1,4
Sum (fte) 50 440 610 1%0 1,060 1.4

Industry senario A Low deployment, low EU Production share

1 Direct employmeng By 2030, this application is considered only a niche market in this scenario, and
global deployment is expected to be only 80 units, however Europe captures a relatively higher share of
this (25%)Due to the need for very higbowered systems vehicles and the larger size and/or number
of stacks, the FBS t  § SR aeadSy Oz2aita FNB SELISOGSR G2 oS
total European production value of Fuell relatedparts® € oY LISNJ @S NE gAGK |
I RRSR 2F | 062dzi emY® h@SNIff 9daNRBLISFHY ydzYoSNI 27
activities would be negligible.

1 Indirect socieeconomic impacts are considered insufficiently small to report about.

Industry enarioC: High deployment, High EU production share

1 Directemployment By 2030, this global deployment is expectedto be almost 400 units, of which 40%
exercised by Europe. Total European production value of fueleated partsis estm&@ R | G e HoO Y
year, with a corresponding vale RRSR 2F | 62dzi enY® h@SNI ff 9 dzNE L.
production line related to these activities would be around 30.

1 Indirect employment, Indirect socieeconomic impacts, notably those relatedttee production of the
trains as a whole, could however be much higher, at an estimated 1,400, as tHaatoell related

value of trains will be higt?.

®The noRFCHelai SR Ot dz2S 2F || dzyAd Aa SaGAYFIGSR G € HoyYo®
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1 Inconclusion, it would be important to see FC train systems production together with that of éndes
HGVs, and to be aware of the (strategic) importance of the remainder of thé&@bh part of the value
chain ¢ especially as conventional train production capacity in Europe is high and as its future
competitiveness will be at stake.

7.6.5 HRS industry scenaios
Table 22: Key socieeconomic figures for HRS industry scenario (2024 and 2030)

Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market

System cost - retail station € N Xdf e nnaxaH i NeX ANAZH fi N€X ANy §1 N€X NONXAC i N€X NIONZNC
System cost - bus fleet station 33,700,00 28,900,00 28,900,00 30,100,00 22,400,00 22,400,00
Global annual deployment e Hnn € mIonne mIonne Tnn € oXTnne o
Global system production value (million) € mMmInnne cYXHnne cIvHnne oXdcdna MPI|ZHAEN Mp
Global system O&M value (million) € MAnn € gcn € gcn € MHAN € MICHRNE ™

European market and production

European annual deployment (units) € nn € agnn € agnn € MM~ € PHAN [
European production value (million) € Hyn € MXycne HInmne yYnn € nIpdcdne n
European O&M value (million) € HAN € [bn € [hn € [rn € nMmn € n

Macro-economic impact

Value added - Total (million) € MAnn € gdn € y|nn € ognn € MITHANE M
Value added - Labour (million) € pn € agnn € odn € Mp~n € yinn [
Value added - Capital (million) € nn € Hp~N € Hdn € MM~ € dmn € T
Value added - Margin (million) € HAN € MMAn € Mon € pn € Hyn~n € d
European annual trade balance impact (million € pn € agmn € ncn € Mon € Tlcn € M

Employment impact

Direct employment system production (fte) 1,300 8,900 10,2@Q0 3,800 22,040 25,20
Direct employment O&M (fte) 100 800 800 600 3,400 3,4
Indirect employment (fte) 500 3,500 3,600 1,500 8,500 8,9
Sum (fte) 1,900 13,2Q0 14,6Q0 5,900 33,940 37,5(

Industry senario A Low deployment, low EU Production share

 Directemployment. @ HnonX 9dz2NBLISI Yy LINRPRdAzOGAZ2Y Ot fdzS Aa
system production value). Most of the market would be related to bus fleet stations, rather than retail

stations. Corresponding valleRRS R ¢g2dzZ R 6S | 0 2 dmiuld lsedabonrYThe o2efall 4 K A C

European number of employees related to system production would therefore be high, 3,800.

f MaintenancecMl Ay i Syl yOS g2dZ R 065 SELISGY 8Rploying a furthe dzy
600.0ther horizontal extensions are nioicluded?®.

1 Indirect employment The production of upstream activities including the provision of inputs such as
raw materials and supplies would employ another estimated 1,500 staff.

4 Assuming maintenance to be 2% of capital costs.
0 A conservative 1:2 ratio between production and rmoduction workers would result in a further 7,600 staff, which are not included in the
above tables.
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T

Trade balance Overall trade balance would be positive, at a value®@fadzi € mon YAt f A2y
may take place locally in each region, however European producers would be well placed to supply
subsystems and components globally.

Industry enarioC: High deployment, High EU production share

§ Direct employment By 20309 dzNR LIS y LINRB RdzOG A2y @I £t dzS A& SELISO
Mko 2F 3If26Ff LINRRA2OGAZY O f ddSRRENRPGBYHR & S NANBA
about half is related to labour inputs. The overall European number of employestededb system
production would therefore be very high, 25,000.

T MaintenancecMl Ay i Sy I yOS é2dAd R 0S5 SELIS O Smplofirgy afutherdzy G
3,500. Other horizontal extensions are not inclugked

1 Indirect employmeng The production of ugtream activities including the provision of inputs such as
raw materials and supplies would employ another estimated 9,000 staff.

 Trade balance h SN} t € GNI RS ol flyOS ¢2dd R 06S adzmaidl yaa
6eMZ Mp YU anifegratbriwidulddaiedpiace in each region, EU actors could contribute through
joint ventures. Exports shift down to predominantly subsystems and components.

7.6.6 Electrolyser industry scenarios

Table 23: Key socieeconomic figuresfor electrolyser industry scenario (2024 and 2030)

Year 2024 2030

Scenario A Scenario B Scenario C Scenario A Scenario B Scenario C

Global Market

Global system production value (million) € Hon € Ton € Ton € pnn € HXnnn € H

Global system O&M value (million) € HAN € nn € nn € MHN e npn € n

European market and production

European production value (million) € [hwm € yn € Mdpn € dn € nyn € p

European O&M value (million) € dn € n € Mn € HAN € INH €

Macro-economic impact

Value added - Total (million) € HO € py € fc € kn € cn € M

Value added - Labour (million) € Mn € s3] € HM™ € HM™ € |pH €

Value added - Capital (million) € 0 € HcC € pn € HO € fro €

Value added - Margin (million) € dc € o € Mn € n € pc €

European annual trade balance impact (million € Mp € Ho € n € pH € M € M

Employment impact

Direct employment system production (fte) 60 00 60 50 1,400 1,6

Direct employment O&M (fte) 54 85 85 70 60

Indirect employment (fte) 80 50 70 90 60 1,0

Sum (fte) 490 40 1,00 1,100 2,700 2,9

Industry scenario A Low deployment, low EU Production share

1

Direct employment¢ . @ Hnonx 9dz2NRLISEHY LINBRdAzOGAZY @ t dzS
Corresponding value RRSR ¢2dzZ R 0SS | dlFuzpear mmb¥rdf etilofees2od heNJ
production line related to these activities would be 550.

1 Assuming maintenance to be 2% of capital costs.
2 A conservative 1:2 ratio between production and rmoduction workers would result in a further 50,000 staff, which are not included in the
above tables.
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T

= A =

Maintenancec M A Y 0 Sy I yOS g2dzA R 06S SELISCGY $mRploying a furthe dzy (i
170.0ther horizontal extensions are not includéd

Indirect enploymentg The production of upstream activities including the provision of inputs such as

raw materials and supplies would employ another estimated 390 staff.

Trade balance h S NI £ £ GNI RS 62dZ R 0SS LRAAGADS éeamHYUL I
integrators having added some system production capacity in Asia to serve the rapidly growing market.

Industry senarioC: High deployment, High EU production share

T

Direct employment¢ . @ HnonX 9dz2NRLISEHY LINBRdAzOGAZY @ t dzS
Corresponding value RRSR ¢2dZ R 0SS [ 062dzi emynY®d h@SNIff 9
production line related to these activities would be 1,600.

MaintenancecMl Ay G Sy yOS g2dZd R 6S SELISOGSR G2 Fyzdzyid i
Otherhorizontal extensions are not included

Indirect employmeng The production of upstream activities including the provision of inputs such as

raw materials and supplies would employ another estimated 1,000.

Trade balance Overall trade would substantidl Yy R L2 &A 0 A @S oO0emMHnY &dzNLX dza 0
and dominate the EU market, supplemented by exports of components.

7.6.7 Micro CHP industry scenarios

Itis assumed that by 2030 the split between PEM micro CHP and SOFC will be 40/60% Hapkxyiorent
numbers in all industry scenarios. However, costs of SOFC micro CHP per unit will be higher than for PEM
micro CHP, leading to differentiated soeiconomic impacts.

Table 24: Key socieeconomic figures for micro CHRdustry scenario (2024 and 2030)

3 Assuming maintenance to be 2% of capital costs.
A conservative 1:2 ratio between production and rmoduction workers would result in a further 1,100 staff, which are not included in the

above tables.
%5 A conservative 1:2 ratio between production and fmoduction workers would result in a fuei 3,200 staff, which are not included in the

above tables.
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