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Disclaimer

The results in this report are a reflection of a non-final
stage of the HyWays project, with substantial
stakeholder consultation still under way. Significant
modifications are still due, and consequently none of
the results given in this report should in any way be
considered as final HyWays results.



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results

Content
1 INtrodUcCtion ... .o e e e e 5
2 Hydrogen penetration scenarios and investments in hydrogen

L LT 2 41 Lo Lo o 11 3 7
Methodological approach............c.coiiciiiiir s 10
3.1 Model description of the Input Output Model ISIS (Integrated
Sustainability Assessment System)...........cooooeiiiiiiie, 10
3.2 Technology analysSiS........ccooeuuiiiiiiiie e 12
3.3 Lead market approach ... 13
RESUIES ... 19
4.1 Lead Market analysis ... 19
4.2 SCENAMIOS ...t 20
4.3 Employment and industrial shift impacts .............ccccccooooieii. 22
T Lo 110V L= 25
ReferencCes..... ..ot 26

Annex A: Lead market approach - Input data, assumptions and

indicator interpretation .............coe o 30
71 Input data, assumptions and indicator interpretation ................. 30
711 INErOAUCHION. ...t 30
7.1.2 Overall indicators for EUrOpe ........cccoovviviviiiiiiiieeeeeeeeee 30
7.1.3 Indicators for hydrogen production ...................eeeeeeeiieiiiiinennnnnns 44
7.1.4 Indicators for stationary applications ............ccccccceieeeiieiieiiiinnnnn. 47
7.1.5 Indicators for mobile applications .............ccccccuiiiiiiiiiiiiiiiiiiiiies 48
7.2 Comparison with Japan, USA and Canada..........ccccccevvennnnnn.... 54
7.2.1 INErOAUCTION ... .t 54
7.2.2 Patent analysSis ... 54



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results
7.2.3 Other INAICAtOrS ......o i 58
7.2.4 SUMMANY .., 61
7.3 RefErenCeS ... oo 62

8 Annex B: Input Output analysis: country results..........ccccvreeeecciiiinnnnns 65
8.1 MS Results: Finland .........ccccooiiiiiiieeees 65
8.1.1 High learning scenario high penetration rates .............cccccc........ 66
8.1.2 High learning scenario moderate penetration rates................... 67
8.1.3 Moderate learning scenario low penetration rates..................... 68
8.1.4 (©70] o T3 [0 1-7 o] o S 69
8.2 MS ReSUItS: FranCe...........uuuummmmiiiiiiiiieeeee 70
8.2.1 High learning scenario high penetration rates ..............ccc.......... 71
8.2.2 High learning scenario medium penetration rate........................ 72
8.2.3 Moderate learning scenario low penetration rates..................... 73
8.24 (©7] o T3 1817 o] o S 74
8.3 MS Results: GErmany .............uceeiiiieeiiieecee e 75
8.3.1 High learning scenario high penetration rates ........................... 76
8.3.2 High learning scenario medium penetration rates ..................... 77
8.3.3 Moderate learning scenario low penetration rates..................... 78
8.3.4 CONCIUSION.....ceieeeeeeee e 79
8.4 MS ReSUIS: GrEECE ......ceevveiieiieee e 80
8.4.1 High learning scenario high penetration rates ........................... 81
8.4.2 High learning scenario medium penetration rates ..................... 82
8.4.3 Moderate learning scenario low penetration rates..................... 83
8.4.4 CONCIUSION.....ceeeeeeeeee e 84
8.5 MS ResuUlts: Italy .......eoeeeieieeeee e 85
8.5.1 High learning scenario high penetration rates ........................... 86
8.5.2 High learning scenario medium penetration rates ..................... 87
8.5.3 Low learning scenario low penetration rates ...............ccceeees 88
8.5.4 CONCIUSION.....coeeeeeeeeeeeeeeeeeee 89
8.6 MS Results: The Netherlands.............ccccoiiiiiiiiiiies 90
8.6.1 High learning scenario high penetration rates ........................... 91
8.6.2 High learning scenario medium penetration rates ..................... 92
8.6.3 Moderate learning scenario low penetration rates..................... 93
8.6.4 CONCIUSION.....coieeeeeeeeee e 94

2



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results
8.7 MS Results: NOrWaY ..o 95
8.7.1 High learning scenario moderate penetration rates................... 96
8.7.2 High learning scenario medium penetration rates ..................... 97
8.7.3 Moderate learning scenario low penetration rates..................... 98
8.7.4 (©70] o Td 11017 o] o O 99
8.8 MS Results Poland...........oooooreiiiiie e 100
8.8.1 High learning scenario high penetration rates ......................... 101
8.8.2 High learning scenario medium penetration rates ................... 102
8.8.3 Moderate learning scenario low penetration rates................... 103
8.8.4 @7 0] o Ted 1817 o] o 104
8.9 MS ResSUItS: SPain.......ccoeeeeiiiiiiicccee e 105
8.9.1 High learning scenario high penetration rates ......................... 106
8.9.2 High learning scenario medium penetration rates ................... 107
8.9.3 Moderate learning scenario low penetration rates................... 108
8.9.4 @70 ] o Tod 1817 o] o 109
8.10 MS ReSUItS: UK ... .. 110
8.10.1 High learning scenario high penetration rates ......................... 111
8.10.2 High learning scenario medium penetration rates ................... 112
8.10.3 Moderate learning scenario low penetration rates................... 113
8.10.4 @7 0] o Ted 1817 o] o 114

3



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 4

Abstract: The two objectives of this deliverable of HyWays are to identify possible sectoral
shifts and employment effects due to the application of hydrogen in the energy system for
selected European countries till 2030. This is based on assumptions about the market
penetration of hydrogen as an energy carrier, an analysis of the competitiveness of EU
countries in this technology field and input-output model calculations.

The analysis showed that the introduction of hydrogen leads to significant shifts between
economic sectors and, as a policy recommendation, it is concluded that the required
workforce skills in hydrogen technologies should be available in time in order to be properly
prepared for this. Some employment gains are possible for the EU Member States analysed
if the introduction of hydrogen does not result in significant changes in export/import flows.
However, the lead market analysis also showed that the competitiveness of EU countries
varies significantly and that, viewed as a whole, Europe is in danger of falling behind its main
competitors. This may lead to job losses because the industry branches affected —
automotive and plant manufacturers — represent key sectors for the EU. One policy goal,
therefore, especially for countries with a large share of automobile and plant manufacturing,
is to aim to be a lead market for hydrogen and fuel cells.
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1 Introduction

A lot of research in the hydrogen and fuel cell field has a strong technology focus (e. g.
technology research, application of technologies, technology roadmap and infrastructure
build-up). The analysis of economic impacts tends to concentrate on the necessary
investments for hydrogen infrastructure build-up. Other very important impacts of hydrogen
as an energy fuel such as those on employment, gross domestic product (GDP),
international competitiveness, or welfare are not usually well analysed.

This deliverable focuses on the following two topics:

¢ Identification of possible sectoral shifts between industrial branches affected by the
introduction of a mass market for hydrogen.

¢ Employment impacts on national economies of hydrogen as an energy fuel.

In order to be able to analyse the second topic, it is necessary to first analyse the
international competitiveness of countries because import/export effects trigger many of the
positive or negative impacts of hydrogen on employment figures, but also on other economic
values.

This work is part of the EU project HyWays (HyWays; 2006a). HyWays aims to develop a
validated and well-accepted roadmap for the introduction of hydrogen in the energy system.
The main characteristic of this roadmap is that it reflects real life conditions by taking into
account not only technological but also country-specific institutional, geographic and
socio/economic barriers and opportunities. An action plan for supporting the introduction of
hydrogen technologies will be derived from this Roadmap.

The assessment framework includes the use of a well-balanced set of models addressing
impacts on the energy system and industry, an actor analysis as well as an analysis of a
hydrogen infrastructure build-up. Validation workshops both within the consortium and with
wider stakeholder groups in the participating countries play a crucial role in the HyWays
process for collecting the required input for the scientific analysis as well as for first order
validation of the results. HyWays comprises two phases of 18 months each. In the first
phase, an analysis of six countries (France, Germany, Greece, Italy, the Netherlands, and
Norway) is carried out and in Phase I, 4 additional countries (Finland, Poland, Spain and the
UK) are included to cover a total of 80 % of the EU’s land area and 71 % of its population.

This deliverable focuses on sectoral and employment effects for the HyWays countries of
Phase | and Il. It is structured as follows: Chapter 2 describes the necessary input for the
sectoral and employment study. It starts with an overview of scenarios of hydrogen
penetration as an energy fuel for the next decades in the EU. These figures have to be
determined first to see when and to what extent hydrogen may play a role as an energy
carrier. Chapter 2 also includes estimates for the investments in hydrogen technologies (for
hydrogen production, transport, distribution, storage, and application) because these trigger
employment effects and industrial shifts.



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 6

Chapter 3 deals with the methodological aspects of the analysis. It starts with a description of
the assignment of hydrogen technologies to industrial branches. Then the methodological
background and data sources for analysing international competitiveness are given. This
analysis is necessary to determine reliable scenarios about the impacts of hydrogen on
international trade. Finally, the input output analysis is introduced, which is used as an
instrument to evaluate sectoral and employment shifts.

Chapter 4 presents and discusses the results of the analysis. Conclusions are then drawn in
Chapter 5.



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 7

2 Hydrogen penetration scenarios and investments in
hydrogen technologies

Due to still existing uncertainties on a technical level, a market development forecast for
mobile and stationary hydrogen and fuel cell applications cannot be made with any
reasonable probability. Crucial sub-systems such as fuel cell stacks or hydrogen storage
systems but also key components like catalysts and membrane-electrode-assemblies have
already achieved significant progress, but still require further breakthroughs on their way
towards mass commercialisation so that a more evolutionary based forecast is not within the
scope of this work. Considering the key findings of the European Hydrogen & Fuel Cell
Technology Platform (HFP) Deployment Strategy and the Strategic Research Agendal, in
HyWays a set of different penetration rates reflecting either a very optimistic or a more
conservative development that has been adapted to the specific needs of both mobile and
stationary applications2 was developed.

Table 2.1 Scenarios for the potential development of hydrogen vehicles, share in vehicle stock (for
more details on the scenario (see for more information HyWays deliverable D3.13 on
HyWays website http.//www.hyways.de)

Total share of fleet 2010 2020 2030 2040 2050
High Penetration - 3.3% 23.7% 54.4% 74.5%
Medium Penetration -* 1.2% 11.9% 35.9% 69.4%
Low Penetration - 0.1% 2.8% 12.9% 36.0%

* Demonstration vehicles and fleets only

Table 2.2 Scenarios for the potential development of stationary hydrogen applications in the
residential sector (see for more information HyWays deliverable D3.13 on HyWays
website)

Total share of households 2010 2020 2030 2040 2050
High penetration - 1% 4% 8% 10%
Medium penetration - 1% 4% 8% 10%
Low penetration - 0.1% 0.5% 2% 5%

1 See (European Hydrogen & Fuel Cell Technology Platform, 2005).

2 For more background information on the scenarios see (HyWays, 2006b).

7
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Table 2.3 Scenarios for the possible development of stationary hydrogen applications in the
commercial and services sector (see for more information HyWays deliverable D3.13 on
HyWays website)

Total share of commercial2010 2020 2030 2040 2050
demand

High penetration - 0.3% 1.3% 2.7% 3.3%
Medium penetration - 0.3% 1.3% 2.7% 3.3%
Low penetration - >0% 0.2% 0.7% 1.7%

Having exogenously fixed the demand for hydrogen, the infrastructure build-up necessary to
satisfy this demand then has to be determined (in terms of numbers of vehicles, pipelines
and fuelling stations as well as of hydrogen production plants across the country). To do this,
an energy system model (MARKALS3) is used. This is a typical bottom-up engineering-based
linear activity model with a large number of energy technologies to capture the substitution of
energy carriers at the primary and final energy levels, process substitution, process
improvements (gross efficiency improvements, emission reductions), technology learning,
spillover effects and energy savings. It is mostly used to compute the least-cost way of
meeting a given demand for final energy or energy services subject to various system
constraints such as exogenous emission reduction targets or prescribed energy technology
paths (such as an administered phase-out of nuclear power or phase-in of green energy).
The use of mathematical programming in the context of energy planning is a well-known field
of research (see (Gately, 1970)), but is still of great interest (see e. g. (Gonzalez-Monroy et
al., 2002), (Song, 1999), and (Wietschel, 2000)), especially due to the new situation in
liberalised energy markets. The extension or adaptation of such models to hydrogen use in
the energy system is a recent research development in this field (see, e. g. (Cascade minds,
2005), and (HyWays, 2006b)).

For the following analysis, the investment figures and the selected technologies from
MARKAL are an important input. The structure of the investments necessary for a transition
to a hydrogen economy is clearly dominated by the expenditures for hydrogen vehicles (see
Figure 1). If a country a hydrogen vehicle is imported, not only the hydrogen drive system will
be imported, but very likely the whole vehicle. Therefore the structure of the domestic vehicle
industry sector turned out to be one of the key factors for an employment analysis, and
further for GDP and welfare development.

In the start-up phase, decentralised production options play an important role. Later on,
central production options from fossil fuels with carbon capture and storage (CCS) are

3 See (Seebregts et al., 2001) for a description of MARKAL.

8
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expected to be the leading production source in Europe, with renewable hydrogen then being
phased in. In this later stage, hydrogen pipelines also seem to be the most important
transport mode. For more details on the methodology, database and results (see for more
information (HyWays, 2006b) and HyWays deliverables on HyWays website)).

1.400.000
o 1.200.000 M H2 production
=
:- 1.000.000 B H2 commercial
S
g 800.000 B H2 infrastructure
& 600.000
£ B Hydrogen part of vehcile
$ 400.000
E & Conventional part of
200.000 = vehicle
0
2005 - 2015 - 2025 -
2015 2025 2035
Figure 1: Structure of the investments of the six HyWays countries in a hydrogen
economy (cumulative for a ten year period, hydrogen high penetration
scenario)
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3 Methodological approach

3.1 Model description of the Input Output Model ISIS
(Integrated Sustainability Assessment System)

When selecting appropriate instruments to model economic impacts (impact analysis), the
level of analysis chosen has to be taken into account. The discussion of strategies using new
technological processes in the past focused primarily on the impacts of the additional
investment costs or the demand and income flow effects caused by these. Such questions
are typically analysed on an aggregated macroeconomic level using econometric or general
equilibrium models.

In contrast, the studies conducted with input-output models are mesoeconomic analyses in
which macroeconomic impacts such as changes in income flow effects only play a
subordinate role. The spotlight here is on impacts triggered by structural shifts. These types
of anaylsis constitute a classical field of application for an input-output model (see (Leontief,
1986) and (Duchin, 1994) which aims to fully map the flow of goods between the economic
sectors for an economic domain such as, e.g. the Federal Republic of Germany, on a
mesoeconomic aggregation level (see (Petit ,1995) or (Meyer-Krahmer, 1999)).

Based on the sectoral interrelations which are illustrated in the input-output model and which
form the status quo, the impulses triggered by the closed-loop strategies can be modelled.
These either effect upstream production (e. g. increased secondary raw materials and a
parallel decrease in the use of primary raw materials) or are linked with changes in the final
demand for goods (e. g. a decrease of cars with conventional combustion engines and an
increase of cars with fuel cells as drive systems leads to changes in the automotive sector,
but also to different supplier structures for the automotive sector). With the help of the
information about the interrelations contained in the input-output model, the effects triggered
upstream by these impulses can be determined right up to the material suppliers.

The main elements of the used input-output model ISIS are described in the following. At the
core of ISIS is a statistical input-output model (IO model) used to examine the structural
impacts of the various strategies. Other modules for employment effects, qualification
structure and job conditions, regional effects and environmental effects were developed or
added to analyse other dimensions of sustainability. The results of the scenario calculations
from the 10 model, i.e. production changes as a result of the different strategies, serve as
inputs for the other modules.

The 10 model used for ISIS is based on the most recent input-output tables of the European
Statistical Office (Eurostat) for the year 2000. It can be assigned to the group of static, open
Leontief models. It divides the single economies into 59 manufacturing sectors and 6 sectors
of final demand and illustrates both the supplies of goods and services between the
manufacturing sectors (intermediate demand) and supplies from these to the final demand
sectors (see Table 2 for the structure of input output tables). This IO model is used to
calculate sectoral differences in production between the reference and the transition

10
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scenarios. These results form the basis for further analyses in the additional modules. In
these additional analyses, therefore, not only the direct but also the indirect effects from all
input relations are taken into account.

Table 2: Layout of an input-output table

Manufacturing sector Final demand sector Production
value
Sectors 1 — 59 . . .
Private Public Fixed Exports
consumption | consump. | investments
£ Interrelation matrix:
@ D
) '-‘l’ supplies of
D
£ - goods and services
% ks among the sectors
N 1 . .
3 s (intermediate demand)
< (million Euro)
Imports
E
IO

Production value

Assuming that a linear approximation can be made for the correlation between the sectoral
employment level and the sectoral production level, the quantitative impacts on employment
are calculated using job coefficients. Of course the constant input output coefficients are a
strong assumption and could be critizised (Zhang, Folmer, 1998). However strucutral effects
could be analysed in a ceteribus paribus analysis with the choosen approach.

It is analysed which employment effects can be listed in the individual sectors. In an impulse-
based approach, the total employment effects are assigned to the economic impulses which
trigger them. These impulses consist of the demand shifts triggered by a hydrogen scenario,
e. g. the rise in producing hydrogen vehicles on the one hand (positive impulse) and the drop
in production of conventionel vehicles on the other hand (negative impulse). The employment
effects assigned to one economic impulse include the workers who are directly or indirectly
involved in the production of goods linked with the impulse. They thus specifically incorporate
upstream production. The ratio relating the change in the number of employed to the impulse
triggering the change is characterized as the specific total employment effect.

The projection analyses are based on the years 2020 and 2030. In order to avoid
overestimating the employment effects it is necessary to take into account the growth in
productivity which will have taken place by this time. To do so, sector-specific productivity
indices are determined which indicate the ratio of specific employment (i.e.
employment/gross output value) in the projected year to specific employment in the base
year. These indices are based on data in “The Impact of Technological and Structural
Change on Employment” (see (Christidis P et al., 2002)).

11
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3.2 Technology analysis

An important step is to integrate the new technologies like fuel cell vehicles and electrolysers
into the input output model, because in a standardised input-ouput table they are missing.
Therefore an in-depth technological analysis is necessary to integrate new technologies into
the input output disaggregation. This deliverable analysed the investments and also the
operation and maintenance costs of technologies.

Different stakeholders have been interviewed about future technology developments. Over
20 industry partners have been interviewed and given input to assemble a technology picture
of the future hydrogen technologies (for e.g. hydrogen pipelines, stacks or electrolyser).

The different technologies and tasks are separated into single parts. Some parts which are
similar to existing technologies could easily be integrated into the sectoral form of an input
output analysis. Other new parts, such as fuel cells, are split up in more detail. On the basis
of single components, a sectoral analysis is then carried out by an expert group composed of
engineers, industrial engineers and economists to define the possible economic sectors
which “produce” this kind of economic commodity.

Of course the analysis is afflicted with uncertainties about the future development of single
technologies. Some unforeseen breakthroughs in single technology developments could not
be foreseen within this approach. This may lead to some wrong allocation of technology
components to industrial sectors.

As an example of a sectoral technology split, see the central electrolysis technology in Figure
2.

12
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L. . @ Chemicals, chemical products and man-
Central electrolysis investment sectoral view  54c fibres

B Rubber and plastic products

O Fabricated metal products, except
5% machinery and equipment

O Machinery and equipment n.e.c.
B Office machinery and computers

O Electrical machinery and apparatus n.e.c.

12%
B Medical, precision and optical instruments,
watches and clocks

O Construction work

3%

B Financial intermediation services, except
insurance and pension funding services

M Real estate services

4% O Other business services

Figure 2: Example for technology analysis, e. g. 5 % in rubber and plastic products
means that five percent of the investments in a central electrolyser are
produced in the rubber and plastic products sector in economic terms

3.3 Lead market approach

Trade developments have a significant influence on the economic impacts of using hydrogen
as an energy vector in a national economy. Therefore the so-called lead market concept is
used to estimate the international competitiveness of a country and to forecast the
international trade development (import/export shares) of hydrogen technologies. Lead
markets are defined as the regional markets to first adopt an innovative design in a
technology field which has specific characteristics that enhance the probability that the same
design will be adopted broadly in other countries as well (see (Beise, 2005) and (Meyer-
Krahmer 2003). Different approaches can be used to explain such lead markets. These will
be discussed in the following.

In traditional (neo-classical) trade theory, the theorem of factor proportionality plays an
important role in explaining trade flows (see (Ohlin, 1933 and (Samuelson, 1948)). This
theorem postulates that there will be gains from trade through increased specialization in
sectors which make intensive use of those factors with which countries are relatively well

13
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endowed (e. g. capital availability or labour cost). However, the well-known Leontief paradox4
(against the theorem of factor proportionality, the USA actually import labour- and capital-
intensive products) and other empirical research® opened up a debate on the value of this
theorem and new hypotheses were developed on factors influencing international
competitiveness. One idea was that it is technological rather than price competition in
capitalist economies that matters most. Therefore technology factors like productivity and
research and development were taken into account to explain market success (see (Wakelin,
1997, (Fagerberg, 1997) and (Sell, 2001)). The technology gap theory (e. g. (Posner, 1961))
and the product cycle theory (e. g. (Vernon, 1966)) postulated that especially well developed
countries introduce new products and can win innovation yields for a limited time.
Explanations for this are differences in the technological capabilities of countries (technology
gap) and higher know-how requirements during the market introduction phase of a
technology.

Next to the superior technological capability of firms/industry branches, other aspects are
also important: market introduction strategies for new technologies, market introduction
advantages due to access to regular customers, internal capability of a firm to identify and
use the market chances of new developments and reputation (see (Beise, 2004), (Beise,
2005a) and (Meyer-Krahmer, 2004)).

Whereas these approaches are supply-oriented, others also take the demand side into
account (see (Linder, 1961), (Blimle, 1994), (Fagerberg, 1995a) and (Sell, 2001)). They
argue that the origins of innovations are based on the development of a new demand which
is not able to be satisfied by existing products. Innovations require lead users (see (Hippel,
1988), (Franke et al., 2005) and (Morrison et al., 2004)), who expect novel and high benefits
from the new products, are trendsetters for commercial developments and radical
innovations and have connections with producers. Other market factors are also important
(see (Porter, 1990) and (Dosi et al., 1990)). High competition between firms leads to
increased inventions (which has been empirically validated) and the development of
alternative technology designs which increase the probability of selecting the most
appropriate technology design (market structure advantages). Market size, market dynamics
and market growth all have a significant impact on cost reduction and international
competitive advantages. The transfer (export) to other regions is advantageous if the risks of
technology adoption are minimized via demonstration effects and similar consumer
preferences.

Apart from supply side and demand side factors, the regulative framework (e.g.
standardisation, approval requirements) may also be of relevance to explain the success of
innovations (see (Porter, 1990), (Blind et al., 2005), (Beise et al., 2005b)).

4 See (Leontief, 1956).

5 (Kaldor, 1978) and (Robson, 1987) showed that market shares of exports and increasing
relative unit costs went hand in hand for a number of countries.

14
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For the identification of lead markets for hydrogen and fuel cells a holistic approach is
chosen which takes supply and demand side factors into account as well as regulative
impacts. A quantification of lead market factors is often not possible (e.g. how are technology
capability or transfer advantages measurable?).

Most of the empirical research in technology-dominated sectors focuses on the correlation of
international trade and technological capability. R&D budgets and patents are mainly used as
indicators to explain the success of a country in international trade figures (see Table 3). In
general, the empirical results of these studies support the positive correlation between
technology (measured by R&D intensity and patents) and export performance for a large
number of industrial branches and countries. For the research work on hydrogen and fuel
cells it is important to notice the strong evidence linking export success and technology in the
car, chemical, and machinery industries (see (Fagerberg, 1996)), because these sector are
relevant for hydrogen and fuel cells.

Table 3: Impact of technology and other factors on trade performance (source (Fagerberg,
1995))

R&D Technology Price/cost Investment Scale
intensity
(spending
in % of
produc-
tion,
1985)

R&D Patents

Aerospace 20 - - X X - - - X - - - - <) x - X
Computers 10 Xt - X X - X - X - £ - - X X - X
Electronics 8 X x - | x -l x x| - - x - - X
Instruments 6 X x - X X X - X x | -° - - X - - -
Electrical

machinery 3 X® - X X - X - - - - - - - - -

Non-electrical

machinery 2 X X X X X X - - - - - - - x-  x°
Cars 3 X - x| x - x| - - -5 < - - (@] x x
Other transport 3 X' - - x - | 4 S
Ships 0 X' ) e I .
Drugs 9 X - X X X X X - - - (-) X - - -)
Industrial

chemicals 3 X X x X x | ¥ x X - - 2 - - x
Plastics 1 X X - X X X - X - X - X - X -
Petroleum

refining 1 - - - . X - X - -
Ferrous metals 1 X - - X X - x x| 2 - - - - X -

15
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Non-ferrous

metals 1 xs - - e - - - X - 9 X - - - - )

Metal products 1 X X X X - X X X - - - - - X -

Symbols: x = significant, correct sign; x/- = conflicting evidence; - = not significant; (-) = significant, incorrect sign; blank = not
included.

Notes:? Organic chemicals. ® Special machinery. ° Power-generating machinery. ¢ Semiconductors. ® Electrical machinery
(broadly defined) and instruments. " Transport equipment (excluding aerospace). ¢ Metals and metal products.

Sources: R&D intensity = Gagerberg 1996.

L = Lacroix and Scheuer 1976; 15 sectors/12-17 countries 1968. F = Fagerberg 1995: 28 sectors/19 countries, 1960-83
(average values). M = Magnier and Toujas-Bernate 1994; 20 sectors/5 countries, 1980-87. S = Soete 1981; 40 sectors/22
countries, 1977. A = Amable and Verspagen 1995, 18 sectors/5 countries, 1970-91.

Some empirical research also includes a variable assumed to reflect the size of the country
or its domestic market. The results are not uniform for countries and branches, but two
studies identify a significant correlation between scale and trade performance for the car
industry among others (see (Fagerberg, 1995), (Soete, 1981)). With regard to the importance
of price competition, the evidence is less clear-cut. As might be expected, price competition
seems to be important in many low-tech industries (e.g. textiles and clothes). The
investment variable measured per worker fails to have a significant impact in all but a few
cases.

In HyWays more than 40 indicators are used to analyse the lead market potential of the
different countries in the hydrogen field. Next to the well-accepted indicators of patents (see
Figure 3) and R&D budget (see Figure 4), others are also selected. These should be treated
carefully because of the lack of statistical evidence for the influence of these indicators on
trade volume. However, the indicator choice was discussed with numerous experts working
on macro-economic and innovation research questions. Among others, the following
indicators were chosen: demonstration projects, foreign trade in hydrogen-relevant industrial
branches, domestic energy resources and electricity prices, venture capital investments, and
current production of hydrogen for industry applications. Next to absolute figures, relative
figures (e. g. patent activity in relation to inhabitants) are also chosen to compensate for the
fact that larger economies have a clear advantage if only absolute figures are employed. In
Annex A all indicators and all numbers for the countries are given in detail.

To come to a final evaluation about the lead market potential, the indicators have to be
weighted and summarized to one value. Here, a scoring approach is used with weighting
factors fixed in collaboration with experts. This scoring approach is a pragmatic and "simple"
approach which allows the evaluation of alternatives on the basis of different quantitative and
non-quantitative criteria. However some disadvantages and methodical difficulties can be
identified. A detailed discussion of this method and also a presentation of more elaborated
multi-criteria methods can be found in (Keeney, R.L.; Raiffa, R. (1976) or (Geldermann, J.,
Rentz, O. (2005)). The weighting of criteria in the scoring approach depends on the
evaluation of experts and therefore the expert selection (and their internal knowledge) has a
strong influence on the results.
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Figure 4: Public R&D budget in fuel cells and hydrogen (source (Amorelli, 2004))

It should be mentioned that the quantitative figures for the indicators are based on the
available historical data and that very recent developments may not be reflected in this
analysis. The lead market potential of the 10 HyWays Member States of Phase | and Il was
identified based on an analysis of the indicators.
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4 Results
4.1 Lead Market analysis

The results of the lead market analysis show that, of all the European countries, Germany
has the highest figures for nearly all indicators (all country details can be found in Annex A).
In the field of hydrogen production, especially based on steam reforming, Germany holds a
good competitive position and is also well placed in the field of stationary and mobile
applications (system integration). However, when looking beyond Europe to a more global
view, Germany loses ground, especially in the field of stack production compared to the US,
Canada and Japan.

From all other bigger European countries also UK seems to be in a relatively good position in
Europe. Among others a lot of activities can be identified in the area of fuel cell development
and in hydrogen production (with a focus on steam reforming). With additional effort UK can
become in some areas a lead market for hydrogen.

All the absolute indicators show that France is in a relatively good position in Europe,
although there is no prominent potential visible in any one category. However, if relative
indicators taking the country size into account are regarded, smaller countries like the
Netherlands, Denmark, Finland and Norway are able to catch up with it. In summary, based
on its historical activities in the hydrogen and fuel cell field, France is not in a position to
become a lead market. However, it does seem to have the potential to be a fast follower or,
with additional research efforts, it could close the gap to the leading countries in the near
future.

Italy has the potential to become a lead market area in the mobile sector. In addition, there is
a lead market potential for hydrogen production technologies, among others, due to the
export orientation of the manufacturing and equipment sector. However, compared with
Germany, but also with the UK and France, ltaly lags a little behind the other larger
European countries. Overall, Italy has the potential to be a fast follower.

From all large European member states Spain has today the lowest identified lead market
potential.

As mentioned before, the Netherlands, and Norway are well placed by relative indicators but
also by some absolute indicators. Compared with other research activities, hydrogen and fuel
cell research are prominent in these countries. The Netherlands seems to be in a good
competitive position, especially for hydrogen production with a focus on partial oxidation. A
lead market potential for the Netherlands can also be identified for stationary and to some
extent for mobile applications. Norway's strength lies in hydrogen production and the access
to feedstocks (gas, cheap electricity). For Finland mainly in the field of fuel cells the relative
indicators shows a remarkable lead market potential.
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When contemplating the overall picture painted by the selected indicators, today Greece
does not seem to have the potential to become a lead market in any hydrogen-related area.
A relevant indicator for Greece is the large number of populated islands (168) where
hydrogen infrastructure could offer greater advantages (combination of renewables (e. g.
wind power) and hydrogen production using electrolysis).

Due to missing database for Poland no lead market analysis is carried out.

4.2 Scenarios

The structure of the investments necessary for a transition to a hydrogen economy is clearly
dominated by the expenditure on hydrogen vehicles (see Figure 1). If a hydrogen vehicle is
imported, it is very likely that not only the hydrogen drive system will be imported but the
whole vehicle. Therefore the structure of the domestic vehicle industry turned out to be one
of the key factors for the employment analysis, and also for GDP and welfare development.

Three import/export scenarios have been analysed. Each scenario describes a possible
future for the competitiveness of hydrogen technologies produced within the EU.

The so-called "Structural Identity Scenario" is based on the assumption that the international
competitiveness of domestic hydrogen technologies is mainly influenced by today's
competitiveness of industrial sectors producing goods which are very similar to hydrogen
technologies. For example, if a country makes and exports conventional cars, this country is
likely to do so in the future as well. Or if a country has a leading position at present in
producing gas turbines, this country is likely to produce hydrogen turbines in the future.

These assumptions are open to criticism because today's domestic industry based on
conventional technologies does not automatically equate to a leading position for hydrogen
technologies in the future. For example, if a country has the current manufacturing capacity
to construct conventional internal combustion engines this does not necessarily mean that it
will also have a relevant industry for stack production in the future due to the technological
differences between the technologies (e. g. different materials, production processes, and
education). Two alternative scenarios were developed to take this into account.

The "Pessimistic Scenario" shows what could happen if other regions of the world assume
the leading position and Europe has to import hydrogen vehicles. In this scenario it was
assumed that all hydrogen vehicle technology will be imported (see Figure 6). In contrast, the
"Optimistic Scenario" assumes that major efforts will be undertaken which result in increased
EU exports in hydrogen vehicles and technologies. Indeed, it is supposed that hydrogen
vehicles, as well as stacks and hydrogen production technology, could be exported even
more than conventional technology (see Table 4).
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An overview of the assumed import/export ratios is shown in Figure 5

Import - export
scenarios

Lead market
for hydrogen
in the EU Optimistic

Structural identity

Import of hydrogen Export of hydrogen
technologies technologies

Lead market
for hydrogen
outside EU

Pessimistic

Figure 5: Import/export scenarios

Table 4: Import- export scenario assumptions (*e. g. 1.4 for cars means that for
every car sold in the domestic market, the domestic producer exported an
additional 1.4 cars) (FC = fuel cell, ICE = Internal Combustion Engine)

Finland 0.4 0.0 0.4

German 2.0 0.0 3.0

Ital 0.9 0.0 1.3

Norwa 0.2 0.0 0.2

Spain 1.9 0.0 2.9
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United Kingdom 1.0 0.0 1.6
4.3 Employment and industrial shift impacts

Figure 6 shows the employment development for the ten countries analysed (details for each
country can be found in Annex B). Small gains can be achieved if the import/export shares
for H, technologies are similar to conventional technologies. This result is mainly influenced
by a lower level of atomisation and standardisation for hydrogen technologies in the start-up
phase. However, the same level of competitiveness as for conventional technologies must be
reached on world markets first and this will be a challenging task looking at the results of the
lead market analysis. Based on the situation at present, a small drop in employment figures
can be expected.

The largest direct effects on employment due to the transition to a hydrogen economy are
seen for the automotive industry, and to a lesser extend for the plant and equipment sector.
Whether the impact is negative or positive depends strongly on the effort Europe puts into
consolidating or improving its current position in the car market (see. This holds even
stronger for the current car manufacturing countries, which therefore face the dilemma:
should they invest in a new technology, losing possibly many billions of R&D and
infrastructure build up investments, or not, at the possible expense of even higher losses in
GDP and jobs. Especially France, Germany, Spain, UK and ltaly could be seen as
candidates for the dilemma situation. The differences between the winnings and losses of
these countries could be traced back to the differences in the structure of the automotive
sector. Germany for example has very high export shares in automotive sector, compared to
other countries. Therefore drastic changes in the share of hydrogen vehicles have also
stronger effect on the production for export and not only on the production for domestic use.
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Figure 6: Net employment effects for the hydrogen high penetration (H2H), and medium

penetration (H2M) scenarios with optimistic learning rates for hydrogen
passenger cars. As well as hydrogen low penetration (L2L) scenarios with
moderate learning rates for hydrogen passenger cars for the year 2020 and
2030. Shown are the overall net employment effects for the ten HyWays
countries in three import and export scenarios.

Replacing conventional vehicles by fuel cell vehicles (FCVs) induces sectoral employment
shifts away from traditional car manufacturing (see Figure 7, and for country details Annex
B).

The most important shift is from the historical automotive sector to the new hydrogen vehicle
technology sectors. This conglomerate consists mainly of fabricated metals, the electrical
and the machinery plastic sector and the chemical sector.

A small shift away from the refinery sector towards the new and more labour-intensive
hydrogen production sector could also be identified. Employment gains could also be made
out in the construction and the machinery and equipment sectors because of hydrogen
infrastructure investments.

This shift requires considerable education and training of the workforce and, in combination
with possible mass production by 2020, necessitates early political action because of the
required gradual build-up of manufacturing capacity and skilled labour. Further research work
is necessary to analyse the today's weak and strong aspects of the education system in
European countries and to develop an action plan for the adaptation on the new
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requirements. This analysis should take into account the demographics of the European
nations which is an important factor. Will Europe be able to find the necessary skilled labour

such as engineers and technicians or will they “import” skilled labour from countries like
China and India?

10 HyWays countries, scenario structural identity, year 2030
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Figure 7: Employment effects for the hydrogen high penetration (H2H) in the structural
identity scenario for the different economic sectors of the ten HyWays MS
countries.
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5 Findings

Replacing conventional vehicles by FCVs induces a sectoral employment shift away from
traditional automobile manufacturing among others to the fabricated metal, electrical,
machinery and rubber/plastic sectors. Because of the required gradual build-up of
manufacturing capacity and hence a skilled labour force, preparing for expected mass
production makes early political action essential.

The largest direct effects on employment due to the transition to a hydrogen economy are
seen for the automotive industry and, to a lesser extent, for the plant and equipment sector.
This is due to the fact that losing (or winning) market shares to/from a foreign competitor may
lead to lost (or gained) sales of the complete vehicle, not just the hydrogen drive system. The
automobile industry related effect comprises ~90 % of all investments (infrastructure and
applications) in H, for all the calculated scenarios. Small employment gains are possible for
the EU Member States analysed if the introduction of hydrogen does not result in significant
changes in export/import flows. This means that the EU should be able to keep its current
world market share in vehicle and plant production. But these shares have to be achieved
first in the new technology field. The lead market analysis shows that the competitiveness of
EU countries varies significantly and that, viewed as a whole, Europe is facing the danger of
falling behind its main competitors.

For the large automotive countries (Germany, France, Spain, UK, and ltaly), the following
dilemma can be identified: On the one hand, job losses (up to 0.7 % in 2030 for the
Pessimistic Scenario) could be drastic if these countries were to lose market shares due to
late market entry. On the other hand, there are uncertainties regarding the market success of
H, cars and the potential risk of losing several billion Euro due to investments in premature
H, infrastructure and H, car development. Form the automotive countries Germany seems to
be well placed (with some disadvantages in fuel stack production compared to other
international competitors), followed by UK and France.

Compared with large automotive countries, the economic risks of a hydrogen economy are
much smaller for the Netherlands, Norway, Finland, Poland, and Greece and promise
significant increases in employment here if the right strategy is pursued. The Netherlands, ,
and Norway, in particular, have a significant lead market potential in selected hydrogen and
fuel cell areas.

Similar conclusions can be drawn for the plant and equipment branches. Mainly Germany,
Italy and France are affected here.
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7 Annex A: Lead market approach - Input data,
assumptions and indicator interpretation

71 Input data, assumptions and indicator interpretation

711 Introduction

To fit in the needs of the Input-Output analysis within HyWays the indicators are divided in
overall country indicators and in the three specific technology field country indicators:
production, stationary and mobile. This should be seen as a first step to identify possible
technology specific lead markets on country level.

71.2 Overall indicators for Europe

71.21 Patents

Rationality

e The competitiveness of companies, regions or countries can be measured by patents due
to the strong correlations between patents and RTD&D budgets, patents and innovations,
patents and employment, patents and export shares as well as patents and economic
success (empirically validated).

o Patents (especially the chosen World patents (WO) and European patents (EP))
demonstrate the economic interest of firms to invest in future technologies.

o Patents are well-accepted and often used indicators for such kind of research questions.

e The database is very good

Limitations
e Not all inventions which are patent-relevant ultimately result in a patent registration.

o Time lag between the invention, patent registration and availability of patent data in the
various public or commercial available databases.

o Identification of an adequate quality indicator for patents.

Database and methodological aspects
e WO and EP patents (patent database: WPI and PATDPA)

e In the time period 1990-2002 for EP patents and 1997-2002 for WO patents. [Wietschel,
2004]

o All published patents (not only granted ones) to identify current developments.

e Chosen quality indicator: International recognition of WP and EP patents and significant
value in their own right (patent application of WO and EP is expensive)

Indicators
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o Total amount of hydrogen patents [Wietschel, 2004]
o Total amount of hydrogen patents/per capita [Wietschel, 2004], [Eurostat 2004]

The second indicator is a relative indicator. The effect of country and population size
doesn't play a role (small countries can have a high value).

e Total amount of hydrogen patents/total amount of all patents [Eurostat 2004]

The third indicator is a relative indicator, too. It shows, if hydrogen plays an over average
role in the activities of firms or not.

Results
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Figure 8: Total amount of hydrogen patents and hydrogen patents per million capita (1990 —
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Figure 9: Ratio of hydrogen patents to overall patents

Germany has a leading role in all three patents indicators. The relative indicators show that
hydrogen compared to other industrial activities plays an important role in Denmark and also
in the Netherlands (compared with other countries). Great Britain is also well-placed. The
leading role of Greece in the indicator ratio of hydrogen patents to overall patents can be
explained due to the relatively low patent activities in Greece.
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The following figure visualizes the geographical distribution of firms with hydrogen patent
activities.

Patent applicants in the area of hydrogen in Europe
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Figure 10: Geographical distribution of firms with hydrogen patents
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7.1.2.2 Demonstration projects

Rationality
o Demonstration projects are a good indicator for the transfer advantages of a country

o Further they demonstrate the praxis relevance of the activities and the capability to
translate theory into practice

e The experience gained in demonstration projects may lead to the realization of cost
advantages

o Demonstration projects increase the reputation of firms

Limitations

o Data base is weak (no comprehensive public or commercial data bases are available),
especially a problem in small countries without any central coordinators of hydrogen
activities

Database and methodological aspects

o Data research over internet, project databases and journals

e Locations of the demonstration projects are collected (not the firm locations)

Indicators
o Total amount of demonstration projects

o Total amount of demonstration projects/capita

Results
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Figure 11: Amount of total demonstration projects and demonstration projects per million
capita (realised projects till 2004)

Germany has the highest amount of demonstration projects, followed with a relevant
distance by Great Britain. In relation to the number of inhabitants Denmark, Sweden and
Norway have high shares of demonstration projects followed by Austria and Finland.
However, these shares are lower than the share of Germany, but higher than the share of
Great Britain.

7.1.2.3 Public R&D budget

e Rationality
o Public R&D budgets indicate the political support of a new technology field
o Further they are often used as an indicator for the general innovation climate of a country

o Further high budgets can lead to cost advantages and transfer advantages, if they are
used for demonstration projects

Limitations

o Weak database and problems to identify hydrogen related budgets

Database and methodological aspects
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Next to the specific R&D budget for hydrogen and fuel cells also the total R&D budget are
taken into account to extend the research work. The specific R&D figures are a more
powerful indicator, however due to the week database also the absolute R&D figures can
give some hints to the general innovation friendliness of a country.

As additional information the R&D-project cost of the EU-MS under the EU Framework
programme 5 and 7 are given.

Data research over research projects (SWOT-analysis), internet and journals, main
source [Amorelli, 2004], for EU-projects [SENTER NOVEM 2004]

The average figure is chosen in case of discrepancies in the data sources

Indicators

Total amount of public R&D-budget for hydrogen and fuel cells (average about the last
four years) [Amorelli, 2004] and internet research

Total amount of public R&D-budget for hydrogen and fuel cells/Million GDP [Amorelli,
2004] and [Eurostat 2004]

Total amount of public R&D-budget/Million GDP [Eurostat 2004]

Absolute and relative project cost of hydrogen and fuel cell projects under the EU
Framework programme FP5 and FP6 [SENTER NOVEM 2004]

Comment: Former research activities came to the results that the public R&D budget
increase is positive correlated with a GDP (Gross domestic product) or population in-crease.
This leads to the consequence, that in cases of same values of the relative indicator between
a small and a large country the small country is in a better competition situation.

Results
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Figure 12: Total amount of public R&D budget and R&D budget per GDP (based on average
date 2000 — 2002)
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Figure 13: Total amount of overall R&D budget per GDP (for the year 2002)
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Figure 14: Absolute and relative project cost (per GDP) for EU FP5 and FP6 between 1998
and 2003

Again Germany has a leading role in the selected R&D budget figures for hydrogen and fuel
cells. France and Italy have high amounts of total R&D budgets. The relative indicator shows,
that in Denmark and also in the Netherlands hydrogen plays a very important role in the
national research strategy. Norway, Italy, Sweden, Finland and France have a more or less
similar ratio of R&D budget to GDP. Looking on the total R&D figures per GDP Sweden and
Finland are in leading role, followed by Germany and Denmark.

In general Sweden and Finland use a high part of their GDP for R&D, which can be
interpreted, that these countries are innovation-oriented.

7.1.2.4 Foreign trade in hydrogen relevant industry branches

Rationality

o Foreign trade figures show the economic success of products in the world market

Limitations

e For hydrogen as an energy carrier and the hydrogen technologies no foreign trade figures
exist

Database and methodological aspects

e Due to the lack of hydrogen specific foreign trade figures conventional industry branches
are selected, which have a very close linkage to hydrogen technologies [EUROSTAT
2004]

Indicators

¢ Revealed Comparative Advantage:
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RCAij_ (Xij/ ZXij>/ ( ZXij/ ZZXij)

The export share of a sector i in a country j in relation to the total export of the country j are
set in relation to the average share of export of this sector i to the total export of all OECD
countries. For a better interpretation a standardisation of the indicator is carried out:

¢ Revealed Symmetric Comparative Advantage RSCA=(RCA-1)/(RCA +1)

This indicator shows the level of export specialization in hydrogen related areas of a country
for relevant industry branches. Please keep in mind that due to the construction of proportion
the meaningfulness of this indicator is limited for the export orientation of small industry
branches of a country.

Results
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Figure 15: Revealed Symmetric Comparative Advantage of different countries by relevant
industry branches

Overall only Germany has in total an over average export orientation for the "hydrogen
relevant" industry sectors. Spain, Austria, Belgium, Italy, the Netherlands and France are
also more export oriented in these sectors than other countries. However, especially in
Norway the selected indicators may not lead to a well balanced picture due to the dominant
role of energy carriers in the export/ import balance of Norway.

Looking at single branches, Italy's machinery and equipment sector has a strong specific
export orientation and especially the Netherlands and France are export-oriented in chemical
products.

7.1.2.5 Indicators for electricity from renewable sources
Rationality

e |t is assumed, that renewable energy carriers will play a relevant role for hydrogen
production in the future

e Especially a large share of large-scale hydropower allows a cheap electricity production
from renewable sources

e Further a high potential of fluctuating renewable energy carriers (wind, sun) may offer a
good opportunity for hydrogen as a storage option

Limitations
¢ No data for Norway available

Database and methodological aspects
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¢ Renewable electricity potentials, Advanced renewable strategy scenario [MITRE 2004]

e Energy statistics (ES) - supply, transformation, consumption (Gross production from
hydro power station, capacity >10 MW) [EUROSTAT 2004]

Indicators

¢ Total renewable electricity potential (separated in large hydro, non fluctuant and fluctuant
renewables)

o Renewable electricity potential per capita

Results
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Figure 16: Renewable electricity potentials
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Figure 17: Renewable electricity potentials and relative potentials

France has the highest total renewable electricity potential with a high amount of large hydro
potential. Germany, Spain and the United Kingdom follow, due to their large potential in wind
energy (fluctuant). No renewable potential data for Norway is available and therefore the
hydro electricity production data for Norway from 2002 is taken into account. The high values
show the importance of hydro electricity in Norway. In relation to the number of the
inhabitants of each country, Norway, Sweden, Austria and Finland have remarkable high
values.

7.1.2.6 Indicator industry electricity price

Rationality

e The electricity prices are an indicator for the hydrogen production through electrolysis
Limitations

o Future price developments are not taken into account

Database and methodological aspects

o Electricity prices first half year without taxes (ES - Electricity - industrial consumers - half-
yearly prices) [EUROSTAT 2004]

Indicators

e Electricity price for industry
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Figure 18: Electricity prices for industry

Italy and Ireland have the highest electricity prices, followed by Belgium and Germany. Due
to low electricity prices in the United Kingdom and also in Sweden, France, Spain, Norway,
Finland and Austria there are lower cost barriers to produce hydrogen through electrolysis.

7.1.2.7 Venture Capital Investments

Rationality

e Venture Capital Investments indicate the extent of financial resources for entrepreneurial
activities and technology transfer in a new technology field

Limitations

o Weak database and problems to identify hydrogen related investments

Database and methodological aspects
o Data research over internet, statistic reports and journals [EVCA 2002]

e The average figure is chosen in case of discrepancies in the data sources

Indicators
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e Total amount of Venture Capital Investments (average about 1999-2003)

e Total amount of Venture Capital Investments per GDP
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Figure 19: Total amount of Venture Capital (VC) Investments and Venture Capital
Investments per GDP (based on average date 1999-2003)

United Kingdom seems to have the best access to venture capital (in absolute and relative
values). Germany and France have high absolute venture capital investments. However a lot
of smaller countries have relevant higher venture capital investments per GDP.

71.3 Indicators for hydrogen production

7.1.3.1 Introduction

Four indicators are used:

e Total number of patents for hydrogen production

o Total number of patents for hydrogen production/capita
e Actual hydrogen production numbers in industry

o Export orientation of machinery and equipment industry

The patents indicators have already been discussed before. Therefore only the discussion of
the hydrogen production figures follows.

7.1.3.2  Current production of hydrogen for industry applications

Rationality
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. The actual figures about hydrogen production for industrial purposes (like refineries or
fertilizer production) are an indication for cost advantages and existing infrastructure

. Further this indicator shows the technical competence in the field of hydrogen
production (construction and operation of hydrogen plants)

Limitations

e The database is weak

Database and methodological aspects
e Public information is used

e Annual hydrogen production [LBST, 1999]

Indicators

e Total amount of hydrogen production

7.1.3.3 Results for the selected indicators
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Figure 20: Total amount of patents for hydrogen production and hydrogen production patents
per million capita (1990 — 2002)
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Figure 21: Total amount of patents for different hydrogen production options
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Figure 22: Annual hydrogen production (for Norway no data are available)

In relative figures but also in absolute figures Denmark is well-placed in the hydrogen
production area. In Germany the highest amount of hydrogen was produced in the past.

Looking on the total numbers of patents for hydrogen production, Germany is the leading

country with a focus on steam reforming, electrolysis and gasification. In the Netherlands the
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patent activities focus on partial oxidation — in total the Netherlands have more patents for
partial oxidation than Germany.

71.4 Indicators for stationary applications

7.1.41 Introduction

Three indicators are used
o Total amount of patents for fuel cell technologies
o Total amount of patents for hydrogen production/capita

o Fuel cell demonstration projects

7.1.4.2 Results for the selected indicators
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Figure 23: Total amount of patents for fuel cell technologies and patents for fuel cell
technologies per million capita (1990 — 2002)
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Figure 24: Number of fuel cell demonstration projects

Looking on the total number of fuel cell demonstration projects, the total amount of fuel cell
patents as well as the relative indicator total amount of patents per capita Germany has a
clear leading role. The firms and institutes of the Netherlands are very active in the patent
registration, whereas France has comparable high figures for patent activities as well as for
the demonstration projects.

The countries in Europe where small stationary fuel cell manufacturers are already located
until now are Germany, Great Britain, Italy and Denmark. These countries are already
working or planning to work in this technology sector (see [FCTODAY, 2003]). In the
worldwide scope just Germany (11%) and UK (4%) have a relevant amount of fuel cell
manufacturing activity and can play a leading role in this sector for Europe (see
[WFCIS2004]).

71.5 Indicators for mobile applications

7.1.51 Introduction

The following indicators are used:

e Total amount of patents for hydrogen internal combustion engines (ICE) and PEM-fuel cell
technologies

o Total amount of patents for hydrogen internal combustion engines (ICE) and PEM-fuel cell
technologies/capita

o Demonstration projects for mobile applications

e Income per capita and average passenger car age
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e Population density

o Average motor vehicle production

The indicators with the exception of Average motor vehicle production, the Income per
capita and average passenger car age and Population density were already discussed
before.

7.1.5.2 Average motor vehicle production
Rationality

e The average motor vehicle production is an important factor for the lead market
approach. It shows the experience and the potential of building vehicles as a mass
product. Further this indicator may also reflect the financial power and willingness to
invest in a new technology like hydrogen cars.

e A view on the relative motor vehicle production per GDP gives the information of how
important the motor vehicle industry in the respective countries is. At high levels of this
ratio it could be assumed, that a high policy support exist and that a relevant lobby exist.

Database and methodological aspect
¢ Public information is used [OICA, 2003]
Indicators

o Total motor vehicle production

7.1.5.3 Income per capita and average passenger car age

Rationality

e In the general discussion about lead market factors the income per capita is mentioned as
a very important indicator for the measurement of the potential to invest in new and
expensive technologies.

e« A more hydrogen specific factor is the average age structure of cars, which can be
interpreted as the willingness of people to invest in new and innovative car types.

Database and methodological aspects

e Public information is used [EEA 2002]
Indicators

) Average passenger car age and income per capita (correlation)

7.1.5.4 Regional population density

Rationality
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e A high population density can be an important lead market indicator for two reasons. First
of all the built up of the infrastructure for mobile applications is much easier in areas with a
high population density. Secondly in such areas often problems with the air quality and the
increased noise loading of inhabitants occurs which may push the demand for hydrogen

applications in the mobile sector.

Database and methodological aspects
o Public information is used. [IIASA, 2004]
Indictor

Regional population density per capita and square kilometres
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7.1.5.5 Results for the selected indicators
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Figure 25: Amount of patents for hydrogen ICE and PEM

50




Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 51
25
7
3]
2,
S 20
Q
c
2
)
g 15 1
7]
c
[°]
S 10
©
(T
o
S
8 5-
£
S
Z
0 T T T T
5 . 3 2 D e Lo QO D
é\A (‘b ,b\(‘ &Q .,@\Q \“‘ \)& é\ é‘{‘ 600 & \)Qo 00 L ’bo ’bo
& & KX P of & ¢ & & F P
& & & 0 S ?’ Q° L MU MR
(<) é,& & P
_ Vo 0&
\D Buses B Gas stations [JCars ‘

Figure 26: Amount of demonstration projects in the mobile sector (buses, cars, gas stations)
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Figure 29: Regional population density in Europe per capita and square kilometers

For the selected mobile indicators Germany has the highest values. The high number of
patents and demonstration projects is a result of the important role of the automotive industry
within Germany. The two other countries with an economically important automotive sector,
France and ltaly, seem to have up to now less activities in this research field.

Next to UK France and also the Netherlands have a high relative patent activity for PEM-FC
and in the Netherlands also a lot of demonstration projects (buses) are happening. The
passenger car age and the income per capita indicators shows that Germany, the
Netherlands and France seem to have an economic advantage compared to Italy and
Greece.

Looking on the conventional motor vehicle production numbers Germany, France, Spain, UK,
Italy and Belgium are the important car manufacture countries in Europe.
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If the population density is taken into account the whole of the Netherlands, the north of Italy,
parts of Germany as well as the metropolitan area of Paris have strong advantages.
However, some Greek islands have also a very high population density.

7.2 Comparison with Japan, USA and Canada

7.21 Introduction

In the following section a short overview about the situation with regards to international
competition in the field of hydrogen and fuel cells is given. Due to limited capacity this is not
completed with the same detail level as the Lead market analysis for European countries.
However, for the estimation of import/ export shares in a Lead market approach the
international perspective is of relevance. Further the analysis focuses on the main
competitors USA, Japan, and Canada.

Next to the evaluation of indicators also the results of so-called SWOT-analyses are taken
into account. These SWOT (Strength-Weakness-Opportunities-Threat)-analyses try to work
out the country specific competition situation and the market opportunities and risks.

7.2.2 Patent analysis

The geographical distribution of the total number of hydrogen patents shows the USA, Japan
and Germany in the leading position producing similar numbers of patents per annum.
Germany accounts for the major share of the EU’s patents, although patent activity has
decreased recently, followed by Canada and the UK.
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Figure 30: Total amount of hydrogen patents and hydrogen patents per million capita
including USA, Japan, Canada (1990 — 2002)

Concerning hydrogen production patents the EU and Japan have the majority and the most
significant ones. Most hydrogen production patents are for steam reforming (reforming of
natural gas in industrial applications like the ammonia production in the fertilizer production is
at present the most commonly used technique). The leading role of the EU in the field of
steam reforming is not only based on patent activities in Germany, but also on patent
activities in the UK and Denmark. Germany and the USA focus more on the gasification of
coal and biomass than Japan. The US is the leading country for partial oxidation patents, but
the Netherlands also show remarkable patent activities in this field, while electrolysis plays
only a minor role. Indeed, when analysing the public sector promoted projects, electrolysis
plays an important role.
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Figure 31: Total amount of patents for hydrogen production and hydrogen production patents
per million capita including Japan, USA, Canada (1990 — 2002)
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Figure 32: Total amount of patents for different hydrogen production options including Japan,
USA, Canada (1990 — 2002)

Considering the fuel cell technologies, the PEMFC is the most important technology
worldwide. Especially Japan is focusing more on the PEMFC, whereas the US and the EU
have a broader research approach. Patents for ICE (internal combustion engine) are
insignificant compared to PEMFC patents. The US and Germany are the leading regions for
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ICE research. It is hard to determine the right moment to specify on technology. If the

PEMFC will lead to a broad diffusion, as is thought likely, than Japan has a big initial

advantage.

700

a [=2]

o (=

o o
| |

400 -

300 -

[Patents for FC technologies]

- N

(=] (=1

o o
| |

[Patents for FC technologies per mill. capita]

o,

S oeei$o¢\ LT LA OSSO

e S PP FD A \.é’b Qo‘

RV PSS CL bq L S

N Oé&c"bq’;bv*\ & oo @Q’\ Q\o 0« 2 \;o \@ 606;0
O&V\é °+

\- Patents for fuel cell technologies —#—Patents for FC technologies per million capita ‘

Figure 33: Total amount of patents for fuel cell technologies and patents for fuel cell

technologies per million capita including Japan, USA, Canada (1990 — 2002)
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Figure 34: Amount of patents for hydrogen ICE and PEM including Japan, USA, Canada
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7.2.3 Other indicators

Next to patents also the access to venture capital, the fuel cell manufacturer and R&D
budgets for fuel cells, as well as the foreign trade in hydrogen relevant industry branches are
evaluated.

Looking on the access to venture capital the USA, United Kingdom, and Sweden are well-
placed. The USA has also a leading role by private and public R&D expenditures for fuel
cells. Overall Japan and Germany shows the highest export orientation in hydrogen relevant
technology fields.
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Figure 35: Total amount of Venture Capital Investments and Venture Capital Investments per
GDP (based on average date 1999-2003)
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Location of fuel cell manufacturing and R&D activities

Other 24 (9%)

USA 77 (30%)

Canada 57 (21%)

Korea 4 (1%)
China 4 (1%)

UK 11 (4%)

Germany 30 (11%)
Japan 63 (23%)

Figure 36: Location of fuel cell manufacturing and R&D activities (source: [WFCIS2004])

Private R&D by country ($ millions)

Germany 41 (6%)
Japan 42 (6%)
Other 43 (6%)

Canada 157 (21%)
USA 460 (61%)

Figure 37: Private fuel cell R&D expenditures by country (source: [WFCIS2004])
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Figure 38: Public R&D budget in fuel cells and hydrogen [AMORELLI 2004]

The US government announced in 2003 its plan to spend USD 1.7 billion over the next five
years on fuel cell R&D including hydrogen production, storage and infrastructure [OECD
2005]. Japanese government spending on fuel cell R&D in 2004 was USD 320 million. The
European Community announced plans to spend USD 2.1 billion between 2003 and 2006 on
renewable energy, mostly on hydrogen fuel cells.
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Figure 39 Revealed Symmetric Comparative Advantage of different countries by re-levant
industry branches
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7.2.4

Summary

The main outcomes of the SWOT-analysis6 and the previous explanations follow:

European industry is well placed with regards to conventional generation of hydrogen
from fossil fuels and via water electrolysis.

Europe is behind the US and Japan for industrial development and manufacturing of
fuel cells.

In the fuel cell research Europe, and the USA, have a broader approach. At present it
cannot be estimated if this is an advantage or a disadvantage especially against
Japan, where the focus is on PEMFC.

Although Europe is at the forefront in many fields, a lack of coordination as well as
well defined targets could make it less suited to commercial and industrial
exploitation. But at present there are some efforts to fund and develop a scientifically
sound and broadly accepted European Roadmap.

The ecological targets as, the existing environmental problems and targets as well as
the population density offer in Europe good conditions for the implementation of a
hydrogen and fuel cell economy.

The overall competitiveness of the industries in Europe, Japan and the USA can be
regarded as equivalent. But the better access to venture capital in the USA, and also
in Canada, can give these countries an advantage, especially at developing
innovative small and medium-sized companies.

Concerning law regulations there are efforts in Europe, but the USA, Japan and
Canada have the leading position.

Overall Europe can be regarded as well-positioned, but Europe runs the risk to fall
further behind the USA and Japan, that are in the leading position right now and
enlarge it through specific improvements.

6 For roadmaps see: Japan: [Naki 2004], [Morata 2003], [Haug 2004]: US: [DOE 2001], [DOE
2003], [DOE 2004], EU: [HLG 2003], [HyNet 2004] and for SWOT analysis see:
[AMORELLI ET AL. 2004], [FHIRST 2004], [HySociety: 2004], [OECD 2005].

61



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 62

7.3 References

AMORELLI ET AL. 2004: Amorelli, Tonino, Hernandez, Hector, Lonza, Laura, Naumanen,
Mika, Walton, Jaquie, & Wietschel, Martin. (2004). Assessing the International Position of
EU’s Research and Technological Development & Demonstration (RTD&D) on Hydrogen
and Fuel Cells. Draft.

BEISE 2001 Beise, Marian. (2001). Lead Markets. Country-Specific Success Factors of the
Global Diffusion of Innovations. ZEW Economic Studies Vol.14. Heidelberg/NewYork.

BEISE 2002 Beise, Marian (2002). Identifizierung von ,Lead Markets“: Ein neuer Ansatz
einer globalen Produkteinfihrungsstrategie. Beitrag zur Fachtagung ,Die innovative
Gesellschaft: Nachfrage fur die Lead Markte von morgen® vom 19.04.2002.

BEISE 2004A Beise, Marian. (2004). Lead Markets: Country-specific Drivers of the Global
Diffusion of Innovations. In: Research Policy 33 (2004).

DOE 2001: US Department of Energy: A National Vision of America's Transition to a
Hydrogen Economy. 2001

DOE 2002: US Department of Energy: National Hydrogen Energy Roadmap. 2002
DOE 2004: US Department of Energy: Hydrogen Posture Plan. 2004

EEA 2002, TERM 2002 33 EU — Average age of the vehicle fleet. Indicator Fact Sheet.
European Environmental Agency (EEA).
http://themes.eea.eu.int/Sectors_and_activities/transport/indicators/technology/age/tab_facts
heets_ILR

EUROSTAT 2004 Frei zugangliche Datenbank, Zugang uUber www.destatis.de, EDS -
Europaischer Datenservice

EVCA 2002, EVCA yearbook 2002, Annual survey of pan-European private equity and
venture capital activity. Zaventem, Belgium: EVCA, 2002

FHIRST 2004: Prepared by the FHIRST partners: Fuel Cells and Hydrogen Improved R&D,
EU project, Sweden Sydkraft AB, 2004

FCTODAY 2003, Fuel Cell Market Survey: Small Stationary Applications, Stefan Geiger,
Mark Cropper — Fuel Cell Today, 30 July 2003

Haug 2004: Haug, M.: Public Support to Hydrogen and Fuel Cells: An International
Perspective Hydrogen Infrastructure Investment Roundtable Ill. Chantilly (USA). March 2004

HLG 2003: High Level Group for Hydrogen and Fuel Cell Technologies: Hydrogen Energy
and Fuel Cells — A Vision for Our Future, Final report, EUROPEAN COMMISSION -
Directorate-General for Research, Brissel, 2003

62



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 63

HyNEt 2004: Prepared by the HyNet partners: Towards a European Hydrogen Energy
Roadmap, Executive Report, Supported by a group of European hydrogen energy experts
and stakeholders, EU project, Munich: LBST, Mai 2004

HySociety: 2004: Prepared b Prepared by the HySociety partners: Report on changes in the
European Economy, Scientific report, EU-project; DG Energy and Transport, Karlsruhe: 1S,
2004

Impact analysis 2020; Report EUR 20258 EN, 2002, Impact of Technological and Structural
Change on Employment

[IASA 2004 WWW.IIASA.AC.AT/RESEARCH/ERD/DB/MAPDB/MAP_11.HTM

LBST1999 Ludwig-Bolkow-Systemtechnik GmbH, Dr. Werner Zittel, Dr. Peter Niebauer
(1999). Identification of Hydrogen By-Product Sources in the European Union.

Indikatorenbericht zur technologischen Leistungsfahigkeit Deutschlands 2000/2001.
Hauptbericht

LEGLER et al. 2002: Legler, Harald; Frietsch, Rainer; Blind, Knut; Schmoch,
Ulrich;Indikatorenbericht zur technologsichen Leistungsfahigkeit Deutschlands 200/2001 —
Hauptberich, Niedersachsisches Institut fir Wirtschaftsforschung (Hannover); Fraunhofer-
Institut flir Systemtechnik und Innovationsforschung (Karlsruhe); Deutsches Institut fur
Wirtschaftsforschung (Berlin); Wissenschaftsstatistik GmbH im Stifterverband fur die
Deutsche Wissenschaft; Zentrum flr Europaische Wirtschaftsforschung (Mannheim),
Hannover: NIW, 2002

MEYER-KRAHMER 2003A Meyer-Krahmer, Frieder. (2003). Lead Markte und
Innovationsstandor-te. In: Warnecke, Hans-Jurgen & Bullinger, Hans-Jérg (Hrsg.).
Kunststiick Innovation. Praxisbei-spiele aus der Fraunhofer-Gesellschaft. S.23-28. Springer
Heidelberg.

MEYER-KRAHMER 2003B Meyer-Krahmer, Frieder. (2003). Innovations- und
Technologiepolitik. In: Gerlach, Frank & Ziegler, Astrid. Neue Herausforderungen der
Strukturpolitik. S.181-203. Schiren Marburg.

MITRE 2004 Meeting the targets & putting renewables to work, MITRE Monitoring &
Modelling Initiative on the targets for renewable energy, several country reports,
http://mitre.energyprojects.net, download 2004.

Morata 2003: Morata, A.: Japan's Approach to Commercialisation of Fuel Cell/Hydrogen
Technology. Ministry of Economy, Trade and Industry, Agency for Natural Resources and
Energy. November 2003

Naki 2004: Nakui, K. (NEDO): Japanese Fuel Cell Hydrogen Programmes and Initiatives.
Hydrogen-Fuel Cell Based Energy Systems Workshop. Vienna. March 2004

63



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 64

OECD 2005, OECD (ed.): Innovation in energy Technology: Synthesis report, OECD,
Brussels, 2005

Working Party on Innovation and Technology Policy (TIP

OICA2003 Organisation Internationale des Constructeurs d'Automobiles (2003). World motor
vehicle production by country 2000-2001, 2001-2002 and 2002-2003.

SCHMOCH 1999 Schmoch, Ulrich. (1999). Eignen sich Patente als Innovationsindikatoren?
In: Boch, Rudolf (Hrsg.). Patentschutz und Innovation in Geschichte und Gegenwart. S.113-
126. Peter Lang Frankfurt.

SENTER NOVEM 2004. Waterstofinnovatie in Nederland: een overzicht.

SUAREZ 2003 Suarez, Fernando F. (2003). Battles for technological Dominance: an
Integrative Framework. In: Research Policy 33. S.271-286.

WFCIS2004 Worldwide Fuel Cell Industry Survey 2004. US Fuel Cell Council, Fuel Cell
Europe, Fuel Cell Commercialization of Japan, Fuel Cells Canada, PricewaterhouseCoopers
LLP.

WIETSCHEL 2004: Wietschel, Martin. (2004). Patents in Fuel Cells and Hydrogen
Production. Internet download: www.fuelcellstoday.de/FuelCellToday/FCTFiles/

FCTArticleFiles/Article_846 Patents0804.pdf am 17.08.2004.

WIETSCHEL et al. 2005: Wietschel, M., Seydel, P.: Wasserstoffwirtschaft: Die
Wettbewerbssituation der EU im internationalen Vergleich und Marktchancen und —risiken,
Konferenzband IEWT 2005: Energiesysteme der Zukunft - Herausforderungen und
Lésungspfade, 16.2.2005 - 18.2.2005, Wien, Wien: Institut fir Elektrische Anlagen und
Energiewirtschaft der TU Wien (IEAEW), 2005

64



Hy D 3.17 Report on Lead Market approach and I/0 analysis
The results presented in this report are preliminary and do not necessarily reflect final HyWays results 65

8 Annex B: Input Output analysis: country results

8.1 MS Results: Finland
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Figure 40: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Finland in three import and export scenarios.
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8.1.1 High learning scenario high penetration rates

Effect Finnland, scenario structural identity, year 2030
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Figure 41: Sectoral economic effects Finland 2030 optimistic learning high penetration (H2H)
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Figure 42: Sectoral employment shifts for Finland optimistic learning high penetration (H2H)
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8.1.2 High learning scenario moderate penetration rates

Effect Finnland, scenario structural identity, year 2030
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Figure 43: Sectoral economic effects Finland 2030 optimistic learning medium penetration
(H2M)
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Finland, scenario structural identity, year 2030
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Figure 44: Sectoral employment shifts for The Finland optimistic learning medium penetration
(H2M)

8.1.3 Moderate learning scenario low penetration rates

Effect Finnland, scenario structural identity, year 2030
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Figure 45: Sectoral economic effects Finland 2030 moderate learning low penetration (M2L)
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Figure 46:

8.1.4

Sectoral employment shifts for Finland moderate learning low penetration (M2L)

Conclusion

+ The scenarios are dominated by the automobile industry structure of the

countries.

¢ Main employment gains or losses due to import and export development of

the vehicle sector.

» Significant shifts between the economic sectors could be identified, therefore
the necessary workforce skills in hydrogen have to be available already.

+ Compared with large automobile countries the economic risks of a hydrogen
economy are much smaller for Greece and following the right strategy
promise a significant gain in employment, welfare and GDP effects.

» Compared with relevant competitors the lead market potential for hydrogen
vehicle production and stack production in Greece is limited.
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8.2 MS Results: France
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Figure 47: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for France in three import and export scenarios.
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8.21 High learning scenario high penetration rates

Effect France, scenario structural identity, year 2030
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Figure 48: Sectoral economic effects France 2030 optimistic learning high penetration (H2H)
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Figure 49: Sectoral employment shifts for France optimistic learning high penetration (H2H)
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8.2.2 High learning scenario medium penetration rate

Effect France, scenario structural identity, year 2030
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Figure 50: Sectoral economic effects France 2030 optimistic learning medium penetration
(H2M)
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Figure 51: Sectoral employment shifts for France optimistic learning medium penetration
(H2M)
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8.2.3 Moderate learning scenario low penetration rates
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Figure 52: Sectoral economic effects France 2030 moderate learning low penetration (M2L)
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Figure 53: Sectoral employment shifts for France moderate learning low penetration (M2L)
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8.2.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

The dilemma situation: There are some uncertainties regarding the market success
of hydrogen vehicles and there is a risk of losing several billion Euro due to
investments in a hydrogen infrastructure and hydrogen car development. However, if
France with a large automobile industry lose market shares due to too late market
entry, the job losses and GDP losses could be drastic.

Compared with relevant competitors the lead market potential for stack production in
France is limited.
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8.3 MS Results: Germany
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Figure 54: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Germany in three import and export scenarios.
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8.3.1 High learning scenario high penetration rates

Effect Germany, scenario structural identity, year 2030

W Trade, maintenance and repair services of
30000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
20000 -
@ Motor vehicles, trailers and semi-trailers
10000 1 B Machinery and equipment n.e.c.
o
a
‘-"_ 0 A W Fabricated metal products, except machinery
0 and equipment
=
M Electrical machinery and apparatus n.e.c.
-10000 +
@ Construction work
-20000
W Coke, refined petroleum products and nuclear
fuels
-30000

Figure 55: Sectoral economic effects Germany 2030 optimistic learning high penetration
(H2H)
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Figure 561: Sectoral employment shifts for Germany optimistic learning high penetration
(H2H)
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8.3.2 High learning scenario medium penetration rates

Effect Germany, scenario structural identity, year 2030
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Figure 57: Sectoral economic effects Germany 2030 optimistic learning medium penetration
(H2M)
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Figure 58: Sectoral employment shifts for Germany optimistic learning medium penetration
(H2M)

77



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 78

8.3.3 Moderate learning scenario low penetration rates

Effect Germany, scenario structural identity, year 2030
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-1000 - _
& Construction work
-1500 +
-2000 W Coke, refined petroleum products and nuclear
fuels
-2500

Figure 59: Sectoral economic effects Germany 2030 moderate learning low penetration
(M2L)

Germany, scenario structural identity, year 2030
W Trade, maintenance and repair services of motor
20000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
15000 @ Motor vehicles, trailers and semi-trailers
B Machinery and equipment n.e.c.
10000 )
‘q&; E Hydrogen Production
£ . .
2 5000 W Fabricated metal products, except machinery and
- equipment
IE M Electrical machinery and apparatus n.e.c.
0
@& Construction work
5000 B Coke, refined petroleum products and nuclear fuels
& Chemicals, chemical products and man-made fibres
-10000

Figure 60: Sectoral employment shifts for Germany moderate learning low penetration (H2L)
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8.3.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

The dilemma situation: There are some uncertainties regarding the market success
of hydrogen vehicles and there is a risk of losing several billion Euro due to
investments in a hydrogen infrastructure and hydrogen car development. However, if
Germany with the largest automobile industry in Europe lose market shares due to
too late market entry, the job losses and GDP losses could be drastic.

Additional exports could be realized by hydrogen production technologies, where
Germany has a high lead market potential
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8.4 MS Results: Greece
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Figure 61: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Greece in three import and export scenarios.
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8.41 High learning scenario high penetration rates

Effect Greece, scenario structural identity, year 2030

W Trade, maintenance and repair services of
1000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
500 -
0 - @ Motor vehicles, trailers and semi-trailers
-500 -| ; -
B Machinery and equipment n.e.c.
o
a -1000 -
‘-"_ W Fabricated metal products, except machinery
é -1500 and equipment
M Electrical machinery and apparatus n.e.c.
-2000 -+
-2500 A @ Construction work
-3000 B Coke, refined petroleum products and nuclear
fuels
-3500

Figure 62: Sectoral economic effects Greece 2030 optimistic learning high penetration (H2H)

Greece, scenario structural identity, year 2030
W Trade, maintenance and repair services of motor
15000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
10000 -
& Motor vehicles, trailers and semi-trailers
5000
B Machinery and equipment n.e.c.
0
€ E Hydrogen Production
g -5000 - ) .
2 B Fabricated metal products, except machinery and
'S -10000 equipment
UEJ M Electrical machinery and apparatus n.e.c.
-15000 - ,
@& Construction work
-20000 X
B Coke, refined petroleum products and nuclear fuels
-25000 . . )
& Chemicals, chemical products and man-made fibres
-30000

Figure 63: Sectoral employment shifts for Greece optimistic learning high penetration (H2H)
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8.4.2 High learning scenario medium penetration rates

Effect Greece, scenario structural identity, year 2030

W Trade, maintenance and repair services of
1000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
500 -
@ Motor vehicles, trailers and semi-trailers
0 |
B Machinery and equipment n.e.c.
& -500 -
(-'3_ W Fabricated metal products, except machinery
0 1000 and equipment
E -
M Electrical machinery and apparatus n.e.c.
-1500
! @ Construction work
-2000
W Coke, refined petroleum products and nuclear
fuels
-2500

Figure 64: Sectoral economic effects Greece 2030 optimistic learning medium penetration
(H2M)

Greece, scenario structural identity, year 2030
W Trade, maintenance and repair services of motor
10000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
5000 1 W Motor vehicles, trailers and semi-trailers
0 B Machinery and equipment n.e.c.
e E Hydrogen Production
°E’ -5000
2 B Fabricated metal products, except machinery and
S 10000 equipment
uE.l ) M Electrical machinery and apparatus n.e.c.
15000 @& Construction work
B Coke, refined petroleum products and nuclear fuels
-20000 -
& Chemicals, chemical products and man-made fibres
-25000

Figure 65: Sectoral employment shifts for Greece optimistic learning medium penetration
(H2M)
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8.4.3 Moderate learning scenario low penetration rates

Effect Greece, scenario structural identity, year 2030

W Trade, maintenance and repair services of
200 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
100 ~
@ Motor vehicles, trailers and semi-trailers
0 .
B Machinery and equipment n.e.c.
& -100 -
‘-"_ W Fabricated metal products, except machinery
0 200 and equipment
S -200 -
M Electrical machinery and apparatus n.e.c.
-300 +
@ Construction work
-400 -
W Coke, refined petroleum products and nuclear
fuels
-500

Figure 66: Sectoral economic effects Greece 2030 moderate learning low penetration (M2L)

Greece, scenario structural identity, year 2030

W Trade, maintenance and repair services of motor
2000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
1500 -|
1000 4 & Motor vehicles, trailers and semi-trailers
500 B Machinery and equipment n.e.c.
‘q&; 01 W@ Hydrogen Production
% =500 1 B Fabricated metal products, except machinery and
S -1000 - equipment
£ M Electrical machinery and apparatus n.e.c.
W 1500 -
2000 | & Construction work
2500 B Coke, refined petroleum products and nuclear fuels
-3000 @ Chemicals, chemical products and man-made fibres
-3500

Figure 67: Sectoral employment shifts for Greece moderate learning low penetration (M2L)
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8.44 Conclusion

» The scenarios are dominated by the automobile industry structure of the
countries.

* Main employment gains or losses due to import and export development of
the vehicle sector.

» Significant shifts between the economic sectors could be identified, therefore
the necessary workforce skills in hydrogen have to be available already.

» Compared with large automobile countries the economic risks of a hydrogen
economy are much smaller for Greece and following the right strategy
promise a significant gain in employment, welfare and GDP effects.

+ Compared with relevant competitors the lead market potential for hydrogen
vehicle production and stack production in Greece is limited.
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8.5 MS Results: Italy
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Figure 68: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Italy in three import and export scenarios.
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8.5.1 High learning scenario high penetration rates

Effect Italy, scenario structural identity, year 2030

W Trade, maintenance and repair services of
15000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
10000 -
@ Motor vehicles, trailers and semi-trailers
5000 1 B Machinery and equipment n.e.c.
o
o
‘-"_ 0 A W Fabricated metal products, except machinery
0 and equipment
=
M Electrical machinery and apparatus n.e.c.
-5000 -+
@ Construction work
-10000
W Coke, refined petroleum products and nuclear
fuels
-15000

Figure 69: Sectoral economic effects Italy 2030 optimistic learning high penetration (H2H)

Italy, scenario structural identity, year 2030

W Trade, maintenance and repair services of motor
100000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
80000 1 B Motor vehicles, trailers and semi-trailers
60000 | B Machinery and equipment n.e.c.
€ E Hydrogen Production
°E’ 40000 -
2 B Fabricated metal products, except machinery and
S 50000 equipment
UEJ M Electrical machinery and apparatus n.e.c.
01 & Construction work
B Coke, refined petroleum products and nuclear fuels
-20000 -
& Chemicals, chemical products and man-made fibres
-40000

Figure 70: Sectoral employment shifts for Italy optimistic learning high penetration (H2H)
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8.5.2 High learning scenario medium penetration rates

Effect Italy, scenario structural identity, year 2030

W Trade, maintenance and repair services of
10000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
8000
Il Motor vehicles, trailers and semi-trailers
6000 -
4000 | B Machinery and equipment n.e.c.
o
[a)
0_ 2000 A W Fabricated metal products, except machinery
0 and equipment
=
0 M Electrical machinery and apparatus n.e.c.
-2000 7 M Construction work
-4000 + )
B Coke, refined petroleum products and nuclear
fuels
-6000

Figure 71: Sectoral economic effects Italy 2030 optimistic learning medium penetration
(H2M)

Italy, scenario structural identity, year 2030
M Trade, maintenance and repair services of motor
50000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
40000 - , , o
E Motor vehicles, trailers and semi-trailers
30000 B Machinery and equipment n.e.c.
€ 20000 & Hydrogen Production
[
g . :
2 10000 B Fabricated metal products, except machinery and
3 equipment
LIEJ 0l M Electrical machinery and apparatus n.e.c.
@ Construction work
-10000
Hl Coke, refined petroleum products and nuclear fuels
-20000 -
@ Chemicals, chemical products and man-made fibres
-30000

Figure 72: Sectoral employment shifts for Italy optimistic learning medium penetration (H2M)
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8.5.3 Low learning scenario low penetration rates

2500

Effect Italy, scenario structural identity, year 2030

Mio. GDP

-1500
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1000 +
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-1000 +

W Trade, maintenance and repair services of
motor vehicles and motorcycles; retail sale of

automotive fuel
B Rubber and plastic products

@ Motor vehicles, trailers and semi-trailers

B Machinery and equipment n.e.c.

W Fabricated metal products, except machinery
and equipment

M Electrical machinery and apparatus n.e.c.

& Construction work

W Coke, refined petroleum products and nuclear
fuels

Figure 73: Sectoral economic effects Italy 2030 moderate learning low penetration (H2L)

Italy, scenario structural identity, year 2030

W Trade, maintenance and repair services of motor

15000

10000 +

5000

vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products

B Motor vehicles, trailers and semi-trailers
B Machinery and equipment n.e.c.

E Hydrogen Production

Employment

-5000

B Fabricated metal products, except machinery and
equipment
M Electrical machinery and apparatus n.e.c.

[l Construction work
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B Coke, refined petroleum products and nuclear fuels

& Chemicals, chemical products and man-made fibres

Figure 74: Sectoral employment shifts for Italy moderate learning low penetration (H2L)
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8.5.4 Conclusion

» The scenarios are dominated by the automobile industry structure of the
countries.

* Main employment gains or losses due to import and export development of
the vehicle sector.

» Significant shifts between the economic sectors could be identified, therefore
the necessary workforce skills in hydrogen have to be available already.

» The scenarios showed that the manufacturing of stacks seems to be less
important in terms of employment than vehicle production.

+ The dilemma situation: There are some uncertainties regarding the market
success of hydrogen vehicles and there is a risk of losing several billion Euro
due to investments in a hydrogen infrastructure and hydrogen car
development. However, if ltaly with a large automobile industry lose market
shares due to too late market entry, the job losses and GDP losses could be
drastic.

» Compared with relevant competitors the lead market potential for hydrogen
vehicle production and stack production in Italy is limited.
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8.6 MS Results: The Netherlands
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Figure 75: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Netherlands in three import and export scenarios.
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8.6.1 High learning scenario high penetration rates

Effect The Netherlands, scenario structural identity, year 2030

5000

W Trade, maintenance and repair services of

Mio. GDP

-4000

B Rubber and plastic products
4000 +
3000 - @ Motor vehicles, trailers and semi-trailers
2000 1 B Machinery and equipment n.e.c.
1000 +
W Fabricated metal products, except machinery
0 and equipment
M Electrical machinery and apparatus n.e.c.
-1000 -+
-2000 A @ Construction work
-3000 -+ B Coke, refined petroleum products and nuclear

motor vehicles and motorcycles; retail sale of
automotive fuel

fuels

Figure 76: Sectoral economic effects The Netherlands 2030 optimistic learning high

penetration (H2H)

The Netherlands, scenario structural identity, year 2030
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W Trade, maintenance and repair services of motor
vehicles and motorcycles; retail sale of automotive fuel

B Rubber and plastic products

B Motor vehicles, trailers and semi-trailers

B Machinery and equipment n.e.c.

E Hydrogen Production

B Fabricated metal products, except machinery and
equipment

M Electrical machinery and apparatus n.e.c.

@& Construction work

W Coke, refined petroleum products and nuclear fuels

@ Chemicals, chemical products and man-made fibres

-15000

Figure 77: Sectoral employment shifts for The Netherlands optimistic learning high
penetration (H2H)
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8.6.2 High learning scenario medium penetration rates

Effect The Netherlands, scenario structural identity, year 2030

W Trade, maintenance and repair services of
4000 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
3000
@ Motor vehicles, trailers and semi-trailers
2000 -
B Machinery and equipment n.e.c.
& 1000 -
‘-"_ W Fabricated metal products, except machinery
0 and equipment
= 01
M Electrical machinery and apparatus n.e.c.
-1000 -+
@ Construction work
-2000
W Coke, refined petroleum products and nuclear
fuels
-3000

Figure 78: Sectoral economic effects The Netherlands 2030 optimistic learning medium
penetration (H2M)

The Netherlands, scenario structural identity, year 2030
W Trade, maintenance and repair services of motor
20000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
15000 @ Motor vehicles, trailers and semi-trailers
B Machinery and equipment n.e.c.
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e E Hydrogen Production
[
g . :
2 5000 | B Fabricated metal products, except machinery and
- equipment
uE.l M Electrical machinery and apparatus n.e.c.
0 4
@& Construction work
5000 W Coke, refined petroleum products and nuclear fuels
& Chemicals, chemical products and man-made fibres
-10000

Figure 79: Sectoral employment shifts for The Netherlands optimistic learning medium
penetration (H2M)



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 93

8.6.3 Moderate learning scenario low penetration rates

Effect The Netherlands, scenario structural identity, year 2030

W Trade, maintenance and repair services of
800 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
600 -
@ Motor vehicles, trailers and semi-trailers
400 ~
B Machinery and equipment n.e.c.
& 200 -
‘-"_ W Fabricated metal products, except machinery
0 and equipment
= 04
M Electrical machinery and apparatus n.e.c.
-200 +
@ Construction work
-400 -
W Coke, refined petroleum products and nuclear
fuels
-600

Figure 80: Sectoral economic effects The Netherlands 2030 moderate learning low
penetration (M2L)

The Netherlands, scenario structural identity, year 2030
W Trade, maintenance and repair services of motor
5000 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
4000 1 B Motor vehicles, trailers and semi-trailers
3000 Bl Machinery and equipment n.e.c.
€ E Hydrogen Production
“E’ 2000 -
2 B Fabricated metal products, except machinery and
T 4000 | equipment
S M Electrical machinery and apparatus n.e.c.
w
04 @& Construction work
W Coke, refined petroleum products and nuclear fuels
-1000 -
@ Chemicals, chemical products and man-made fibres
-2000

Figure 81: Sectoral employment shifts for The Netherlands moderate learning low
penetration (M2L)
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8.6.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

Compared with large automobile countries the economic risks of a hydrogen
economy are much smaller for the Netherlands and following the right strategy
promise a significant gain in employment, welfare and GDP effects. Especially in the
field of stack production but also for hydrogen production plants the Netherlands has
a relevant lead market potential. If in addition also a large hydrogen car manufacturer
will be placed in the Netherlands, relevant economic gains could be realized.
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8.7 MS Results: Norway
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Figure 82: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Norway in three import and export scenarios.
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8.71 High learning scenario moderate penetration rates

Effect Norway, scenario structural identity, year 2030

W Trade, maintenance and repair services of
600 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
400
200 M Motor vehicles, trailers and semi-trailers
0| W Machinery and equipment n.e.c.
o
a
‘-"_ -200 - W Fabricated metal products, except machinery
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=
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-800 ,
W Coke, refined petroleum products and nuclear
fuels
-1000

Figure 83: Sectoral economic effects Norway 2030 optimistic learning high penetration (H2H)

Norway, scenario structural identity, year 2030

W Trade, maintenance and repair services of motor

2500 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
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B Fabricated metal products, except machinery and
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o
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-1500 A B Coke, refined petroleum products and nuclear fuels
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Figure 84: Sectoral employment shifts for Norway optimistic learning high penetration (H2H)

96



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 97

8.7.2 High learning scenario medium penetration rates

Effect Norway, scenario structural identity, year 2030

W Trade, maintenance and repair services of
200 motor vehicles and motorcycles; retail sale of
automotive fuel
B Rubber and plastic products
100 ~
@ Motor vehicles, trailers and semi-trailers
0 .
B Machinery and equipment n.e.c.
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‘-"_ W Fabricated metal products, except machinery
0 200 and equipment
S -200 -
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-300 +
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-400 -
W Coke, refined petroleum products and nuclear
fuels
-500

Figure 85: Sectoral economic effects Norway 2030 optimistic learning medium penetration
(H2M)

Norway, scenario structural identity, year 2030
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1500 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products
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& Chemicals, chemical products and man-made fibres
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Figure 86: Sectoral employment shifts for Norway optimistic learning medium penetration
(H2M)

97



Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 98

8.7.3 Moderate learning scenario low penetration rates

Effect Norway, scenario structural identity, year 2030

W Trade, maintenance and repair services of
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Figure 87: Sectoral economic effects Norway 2030 moderate learning low penetration (M2L)

Norway, scenario structural identity, year 2030
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300 vehicles and motorcycles; retail sale of automotive fuel
B Rubber and plastic products

200 E Motor vehicles, trailers and semi-trailers
B Machinery and equipment n.e.c.
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Figure 88: Sectoral employment shifts for Norway moderate learning low penetration (M2L)

98




Hy D 3.17 Report on Lead Market approach and I/0 analysis

The results presented in this report are preliminary and do not necessarily reflect final HyWays results 99

8.7.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

Compared with large automobile countries the economic risks of a hydrogen
economy are much smaller for Norway and following the right strategy promise a
significant gain in employment, welfare and GDP effects.

Especially in the field of hydrogen production technologies Norway has a relevant
lead market potential
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8.8 MS Results Poland
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Figure 89: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Poland in three import and export scenarios.
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8.8.1 High learning scenario high penetration rates

Effect Poland, scenario structural identity, year 2030
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Figure 90: Sectoral economic effects Poland 2030 optimistic learning high penetration (H2H)
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Figure 91: Sectoral employment shifts for Poland optimistic learning high penetration (H2H)
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8.8.2 High learning scenario medium penetration rates

Effect Poland, scenario structural identity, year 2030
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Figure 92: Sectoral economic effects Poland 2030 optimistic learning medium penetration
(H2M)

Poland, scenario structural identity, year 2030
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Figure 93: Sectoral employment shifts for Poland optimistic learning medium penetration
(H2M)
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8.8.3 Moderate learning scenario low penetration rates

Effect Poland, scenario structural identity, year 2030
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Figure 94: Sectoral economic effects Poland 2030 moderate learning low penetration (M2L)

Poland, scenario structural identity, year 2030
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Figure 95: Sectoral employment shifts for Poland moderate learning low penetration (M2L)
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8.8.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

Compared with large automobile countries the economic risks of a hydrogen
economy are much smaller for Poland and following the right strategy promise a
significant gain in employment, welfare and GDP effects.
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8.9 MS Results: Spain
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Figure 96: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for Spain in three import and export scenarios.
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8.9.1 High learning scenario high penetration rates
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Figure 97: Sectoral economic effects Spain 2030 optimistic learning high penetration (H2H)
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Figure 98: Sectoral employment shifts for Spain optimistic learning high penetration (H2H)
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8.9.2 High learning scenario medium penetration rates

Effect Spain, scenario structural identity, year 2030
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Figure 99: Sectoral economic effects Spain 2030 optimistic learning medium penetration
(H2M)
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Figure 100: Sectoral employment shifts for Spain optimistic learning medium penetration
(H2M)
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8.9.3 Moderate learning scenario low penetration rates
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Figure 101: Sectoral economic effects Spain 2030 moderate learning low penetration (M2L)
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Figure 102: Sectoral employment shifts for Spain moderate learning low penetration (M2L)
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8.9.4

Conclusion
The scenarios are dominated by the automobile industry structure of the countries.

Main employment gains or losses due to import and export development of the
vehicle sector.

Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

The dilemma situation: There are some uncertainties regarding the market success
of hydrogen vehicles and there is a risk of losing several billion Euro due to
investments in a hydrogen infrastructure and hydrogen car development. However, if
France with a large automobile industry lose market shares due to too late market
entry, the job losses and GDP losses could be drastic.

Compared with relevant competitors the lead market potential for stack production in
Spain is limited
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8.10 MS Results: UK
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Figure 103: Net employment effects for the hydrogen high penetration (H2H), and medium
penetration (H2M) scenarios with optimistic learning rates for hydrogen passenger cars. As
well as hydrogen low penetration (L2L) scenarios with moderate learning rates for hydrogen
passenger cars for the year 2020 and 2030. Shown are the overall net employment effects
for United Kingdom in three import and export scenarios.
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8.10.1  High learning scenario high penetration rates

Effect UK, scenario structural identity, year 2030
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Figure 104: Sectoral economic effects UK 2030 optimistic learning high penetration (H2H)
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Figure 105: Sectoral employment shifts for UK optimistic learning high penetration (H2H)
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8.10.2 High learning scenario medium penetration rates

Effect UK, scenario structural identity, year 2030
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Figure 106: Sectoral economic effects UK 2030 optimistic learning medium penetration
(H2M)
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Figure 107: Sectoral employment shifts for UK optimistic learning medium penetration (H2M)
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8.10.3 Moderate learning scenario low penetration rates

Effect UK, scenario structural identity, year 2030
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Figure 108: Sectoral economic effects UK 2030 moderate learning low penetration (M2L)
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Figure 109: Sectoral employment shifts for UK moderate learning low penetration (M2L)
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8.10.4 Conclusion
e The scenarios are dominated by the automobile industry structure of the countries.

¢ Main employment gains or losses due to import and export development of the
vehicle sector.

¢ Significant shifts between the economic sectors could be identified, therefore the
necessary workforce skills in hydrogen have to be available already.

e The scenarios showed that the manufacturing of stacks seems to be less important in
terms of employment than vehicle production.

o The dilemma situation: There are some uncertainties regarding the market success
of hydrogen vehicles and there is a risk of losing several billion Euro due to
investments in a hydrogen infrastructure and hydrogen car development. However, if
France with a large automobile industry lose market shares due to too late market
entry, the job losses and GDP losses could be drastic.

e Compared with relevant competitors the lead market potential for stack production in
the United Kingdom is limited
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