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Preface

About the MATISSE project

The MATISSE (Methods and Tools for Integrated Susiaility Assessment) project is funded by the
European Commission, DG Research, within th&@mework Programme. The project is interested
in the role that Integrated Sustainability AsseganiSA) could play in the process of developingl an
implementing policies capable of addressing peamsisproblems of unsustainable development and
supporting transitions to a more sustainable futnr&urope. The core activity of MATISSE is to
develop, test and demonstrate new and improvedaugtind tools for conducting ISA.

This work is carried out through developing andlgipg a conceptual framework for ISA, looking at
the linkages to other sustainability assessmentgsses, linking existing tools to make them more
useable for ISA, developing new tools to addremssitions to sustainable development and applying
the new and improved tools within an ISA processupgh a series of case studies.

The extent to which the case studies are carryutgaocomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAga®do partial implementation of the process.
Equally, different case studies are oriented taetgping and testing tools and approaches to soute, b
not all, of the methodological challenges of ISAeTlcase studies are complementary, however, and
the set of cases offers the opportunity to addaessde range of methodological challenges and to
explore linkages between cases. An evaluation aftimal experiences with ISA implementation in
the case studies will provide guidance on the &rrttnprovement of methods and tools. Results will
also contribute to more informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustaindpilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, envisng, experimenting, and learning through which a
shared interpretation of sustainability for a speaontext is developed and applied in an integpat
manner, in order to explore solutions to persisfgoblems of unsustainable development. ISA is
conceptualised as a complement to other forms sfasability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Reyulenpact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needeforantescreening of incremental sectoral policies
that are developed within the prevailing policyineg, ISA is conceptualised as a support to longer-
term and more strategic policy processes, whereolijective is to explore persistent problems of
unsustainable development that have a systemi®lpgth and possible solutions to these. ISA is
therefore oriented toward supporting the develogn@ncross-sectoral policies that specifically
address sustainable development and at explorirgbliag policy regimes and institutional
arrangements.

MATISSE Working Papers

Matisse Working Papers are interim reports of mtoetivities that are published in order to ilrase
ongoing work and some provisional conclusions, e & providing the opportunity for discussion of
the approaches taken by the project and interimlteesThis discussion should be both within the
project and between project members and the braadentific and policy communities. Readers are
encouraged to contact the authors to discuss titermoof MATISSE Working Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series
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ABSTRACT

As part of a cluster workshop on sustainabilityhgfirogen transport technologies held in Frankfurt
on 21st February 2006, MATISSE researchers condubteak-out discussion groups with, and
distributed self-completion questionnaires to, statders in hydrogen transport technology. The
break-out group discussions revealed that stakel®ltb not hold naive views about the potential for
hydrogen by itself to meet requirements for sustaility within either transport or wider energy
systems. Most stakeholders did not equate hydrtg@sport technology with sustainable mobility.
For sustainable transportstakeholders acknowledged the importance of metdt and reduced
demand (through more public transport use, cormestharging, teleworking, etc.); two groups
emphasised a need for societal value change @@y from aspirations to own powerful/luxury
cars). Furthermore, for many (though not all) staitders the future involves hydrogen technologies
co-existing with other transport technologies, ,ebipfuels and hybrid vehicles. Several particigant
pointed to the risks associated with focussing ae technological solution to the exclusion of
possible alternatives. Nevertheless, stakeholderse Wwroadly positive about hydrogen technologies;
many pointed to the potential for hydrogen to offesolution to problems of emissions, energy
security and international competition. Particiganighlighted a range of requirements that hydrogen
- or indeed alternative technological, institutibnand behavioural options for sustainable
transport/energy systems - must meet to be defsetbustainable”. These requirements go beyond
simply considerations of hydrogen production angpbsuto include sustainable levels of mobility and
societal values that impact on travel choices.
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STAKEHOLDER FEEDBACK ON MATISSE
SUSTAINABLE HYDROGEN SCOPE AND VISIONS:
Findings from the February 2006 Hydrogen
Stakeholder Workshop

1 Introduction

As part of a cluster workshop on sustainabilithgfirogen transport technologies held in Frankfart o
21* February 2006, researchers in the MATISSE prajentilucted break-out discussion groups with,
and distributed self-completion questionnairestakeholders in hydrogen transport technology.

The aims of the break-out groups and questionnaiess:
* To elicit stakeholders’ goals with respect to togen transport technology;
« To elicit stakeholders’ visions of sustainabilityrelation to hydrogen transport technology;

* To elicit stakeholders’ views on viable pathwagsd any barriers, to sustainable hydrogen-
based transport;

e To elicit stakeholders’ views about the tradesadffvolved in a hydrogen transition including
relating diffusion of hydrogen transport technotesgito wider challenges of unsustainable
transport;

« To feed stakeholders’ views and needs into thegilated sustainability assessment (ISA)
planning process in one of the work packages oMA&ISSE project;

* To identify stakeholders interested in furthertiogpation in the Hydrogen and Fuel Cell
ISA, including follow-up interviews and deliberagivocus groups;

« To feed information about stakeholders’ rolegspectives, and interactions and networks
into the development of an agent-based model witterMATISSE project;

» To foster social learning, through group discoissamongst stakeholders.

Participants at the cluster workshop included nedess and consultants, an NGO representative,
policy-makers, and members of the automotive anerggnindustries from across Europe, with
interests in hydrogen and transport technologidsiléthis does not represent a comprehensive range
of stakeholders in a transition to hydrogen transgb includes key decision-makers in the issue.
Further research (e.g., literature reviews andriide/s) will be conducted to elicit the views of
stakeholder groups not represented at the workshbese include consumers, NGOs and media
representatives. This further work will focus orserng the perspectives of excluded groups (e.g.,
potential ‘losers’ in a hydrogen society) are cdased in the ISA.

All workshop participants were assigned to onei# break-out groups according to the stakeholder
‘category’ they represented (i.e. Automotive IndysEnergy Industry, Research, Consultancy, NGO,
and Policy). The composition of the break-out gwas designated in advance of the workshop.

The break-out groups comprised both heterogenaaib@mogeneous categories of stakeholders.
* Group 1 was a homogeneous group of 10 Reseakélsilders only (4 women, 6 men)

* Group 2 was a heterogeneous group comprisinge&areh, 1 consultancy, 1 policy, 1 NGO,
3 energy industry, and 1 automotive industry (2 wopnil0 men)

» Group 3 was a heterogeneous group comprisingéareh, 4 consultancy, 2 policy-makers,
1 automotive industry, and 1 energy industry (1 \&on® men)
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* Group 4 was a heterogeneous group comprising@rentive industry, 1 energy industry, 3
research (6 men)

e Group 5 was a homogeneous group of Energy Inglsskeholders only (2 women, 4 men).

The rationale for using both homogeneous and hgg@enus groups was to enable a comparison of
group dynamics and social learning amongst sirattar diverse stakeholder groups.

Each group lasted around one hour and was faeilithy one or two facilitators from the MATISSE
project team. Facilitators audio-recorded the sassand used flip-charts to note the key pointhef
discussion. The questions used to guide discussiothe break-out groups were circulated to
participants at the start of the workshop. (Seeefplx 1 for break-out group questions.)

At the end of the break-out group discussion, pigidints were asked to fill in a brief self-compbeti
guestionnaire with more focussed questions thaiwall respondents to express their opinions
anonymously. This questionnaire also provided atlication of social learning amongst group
participants. (Appendix 2 shows the self-completiquestionnaire). All 44 questionnaires were
returned completed. The data from these questioesaias entered into Excel to produce descriptive
statistics and graphs; SPSS has been used to rpecfarsquare tests to compare variation between
stakeholder types and break-out groups.

The rationale for using both group discussion amdividual self-completion questionnaires is that
there are advantages and limitations to each metBodhbining these methods thus provides a
complementary strategy for knowledge elicitatiod ancial learning.

This paper reports on the main findings from theakrout group discussions and questionnaires.
Sections 2 to 11 report on the main findings retatio ‘content’, namely stakeholders’ roles and
interests in hydrogen transport, their framingwstainable hydrogen, their vision of a hydrogereldas
transport system, and their views on pathways,jidrarand trade-offs in realising these visions and
competing alternatives to hydrogen in a sustainatdel-transport system. Section 12 describes our
analysis of the ‘process’ itself, including evidenaf social learning. Section 13 draws together the
findings and presents key conclusions.

2 Stakeholders’ roles and interests in hydrogen tra nsport
technology

As indicated in Figure 1, almost half of the stalders — 21 of 46 — who took part in the break-out
groups work in academia. Energy Industry accourfid 7 participants, Government for 4,
Automotive Industry for 4, Consultancy for 4, an@®s for 1. (NB - there are minor disparities here
between the stakeholder categories defined in advdar participants, and those identified by
stakeholders themselves).

In keeping with the greater proportion of Reseastlikeholders represented in the break-out groups,
the most popular response to the question of csgfiohal goals was “RD&D hydrogen technology”
(see Table 1). The next most popular response wastdinability”, followed by “transition to a
hydrogen economy”. When asked explicitly how impatt sustainability concerns are to their
organisation’s goals and decision-making, virtually(41 of 43) stakeholders said it was eitheryver
or quite important (Figure 2). Chi-square analysigeals no significant variation in responses te th
guestion between stakeholder types.
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Figure 1. Which of the following best describesdtganisation you work for?

5

21

O Academia

B Automotive Industry/OEM
O Energy Industry

B Government

B NGO

H Consultancy

B Other

Table 1. What are your/your organisation's goasaivis hydrogen transport technology?

RD&D hydrogen technology 10
Sustainability 9
Transition to hydrogen economy 7
Hydrogen Producer 5
Impact on economy

Transport 5
Infrastructure & Distribution 3
Reduce GHG emissions 3
Safety & Social aspects 3
Supply security, reduce resource dependency 2

Figure 2. How important are considerations of 'suisability’ to your organisation's goals and

decision-making for hydrogen transport technology?

1 1

B Very Important
@ Quite Important
O Not very important

O Not at all important
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Table 2. Which 3 individuals/organisations/groups the key players (i.e. influencers) in relation t
hydrogen transport technology in Europe?

Automotive Industry 35

European Commission / EU 20

Government / Policy / Public authorities 16

Oil Industry / Fuel Providers 11

Energy Industry / Companies 10

Public / Society

Research / Academia

Industry
EU H2 Platform

N wW| | O

Technology Producing Companies 1

Chemical Industry

Fuel Cell Industry

Hydrogen Producers
Other

gl ,r| R, R,

Stakeholders identified the automotive industry Badopean Commission as the key influencers in a
hydrogen transition within Europe (see Table 2)tidweal governments and energy industry were also
identified by many stakeholders as being key pgy€hi-square tests indicate no significant
difference between stakeholder groups in theirgeses to this question. The most common way in
which stakeholders interacted with these groupgi&U-funded projects, as well as by consulting
and research activities (see TablelB)s important to note that the high proportioninferaction via

EU Projects amongst respondents is largely an adiedf the sample of participants - many of whom
were at the workshop to represent or disseminatirfgs from EU projects.

Table 3. To what extent, and in what ways, do gteract with these groups?

EU Projects 13
Consulting 9
Research Activities 9
Common Projects 8
Meetings 2
National Initiatives/Authorities 2
Business 2
Other 4

10
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3 Framing the issue: hydrogen in the context of ene rgy and
transport systems

Energy systems

While the focus of the break-out group questions wa issues of sustainability relating to hydrogen
within transport, some participants argued thatudisions about sustainable hydrogen should be
located within a wider energy systems frameworkGhoups 1 and 3, it was suggested that a “final
vision of a sustainable hydrogen economy for readgport” was too narrow and that the real issue
for which we need to develop a vision is the loagrt future of the energy system. Likewise, in
Group 3 a common view was that hydrogen itselfas the aim; rather greenhouse gas reduction,
energy supply security and economic growth aretijectives.

In this regard Group 1 emphasised that there ised o explore all options, to diversify and toetak
advantage of synergies between sectors (see belwwhermore, they argued that a vision for
European energy cannot be created in isolation.slthation in developing countries interacts with
the developments in Europe.

In Group 2, there was some debate about whetheobgd will be the only energy carrier in the
future, or whether electricity will continue to pla role as an energy carrier. There seemed to be
agreement (also in Group 4) that energy carriersildvide selected where they were the most
appropriate for that sector or application:

“The word ‘hydrogen economy’ what does it mean? Fm, hydrogen economy is something like

‘water economy’ or ‘electricity economy’; there areny economies, so there will be also a hydrogen
economy amongst the others that form the energgany. So | want to say that | think that hydrogen

will be one of the most important sectors of theufe energy world; we will not have a hydrogen

society or hydrogen economy in which every othesrgy features are replaced by hydrogen; we will
always have electric current, already by the fhat most renewables are appearing as electricrturre

[...] and we have to look for the most efficient egetransformers and to avoid any transformation
which leads to loss of energy... and we will have aafsv electric current, and we need hydrogen
especially for transport purposes, as long as we ha other possibility for electricity storage”.

The Policy participant in this group respondedhis by pointing out that “hydrogen economy” should
not be equated with a “hydrogen-based economyherathe former denoted a commodification of
hydrogen without suggesting a phasing out of otimergy carriers (the latter).

Transport systems

As will be discussed in Section 10, there appetrdut widespread acknowledgement amongst break-
out group participants that hydrogen was not the solution to a sustainable road transport satutio
Rather, hydrogen was seen as offering a possiblmddogical solution to problems of emissions and
energy security, as well as economic opportunities;could not address wider mobility problems of,
for example, congestion or social exclusion. Indeederal participants (in Groups 2, 4 and 5) gaint

to the risks associated with focussing on one telcgical solution to the exclusion of possible
alternatives. Nevertheless, many stakeholderspaigted to the attractiveness of hydrogen in ofiigri
environmental, social and economic benefits.

4 Final vision of sustainable hydrogen-based road t ransport

The break-out groups were asked about what thegidered to be the final vision of sustainable
hydrogen-based road transport.

One vision or many?

Groups 1 and 2 both emphasised the importance fafrraulating a long-term vision to guide

transitions and steer short-term change. One patit from the Energy Industry argued for the
importance of long-term goals so as not to be datath by short-term economic interests: “if you
only focus on the most efficient or most cost-edfit or cheap chain, we will never develop in the

11
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right direction”. It is interesting to note thatigshremark implies that economic criteria are not
appropriate sustainability objectives.

In Group 1, however, it was highlighted that there many uncertainties and as a result there is
unlikely to be “one vision”. Nevertheless, some ocmon elements in the visions were discussed,
including a role for hydrogen as well as changbéhaviour and/or values. Similarly, Groups 4 and 5
pointed to the uncertainties surrounding the firision, and the need for goals to evolve over time.

How much hydrogen?

As indicated above, there was widespread acknowiedgacross the groups that hydrogen would be
only one component of a sustainable transport sysseistainability was viewed more broadly than
simply in terms of vehicle technologies. Nevertss|emost stakeholders were largely supportive of
hydrogen transport technologies and their potemtiadffer reduced emissions, energy security and
economic competitiveness. Yet, the degree to whiigkeholders felt hydrogen vehicles would replace
alternatives varied. Some participants (includiegesal in Group 2) saw a future in which all vebgl
were powered by hydrogen, but this was by no meausiversal vision. In many cases, alternative
technologies, such as hybrid vehicles were seeplaagng a role. One Policy participant felt the
advantages of “plug-in hybrid” vehicles may outwetose of hydrogen vehicles. In Group 3, hybrid
vehicles were seen as playing a role in a sustiEnamrogen future; this group also felt that, for
trucks, biofuels seem to be more attractive thedrdgen. Implicitly, then, many stakeholders fekl th
proportion of hydrogen-powered vehicles would netessarily be 100% in the final vision of
sustainable hydrogen road transport. One partitipaGroup 5 explicitly predicted the proportion of
hydrogen cars in the final vision (2050) would balyo20%- 30%. Furthermore, there was
disagreement about the role that fuel cells wouly gn a sustainable transport future; some
participants in Groups 2 and 3 felt internal contimmsengines (ICEs) offer more advantages.

Within sectors other than transport, most partitipavere of the opinion that hydrogen might not be
the most appropriate option, and that electricibuld continue to play a role as an energy carOeie
participant from the Energy Industry, for examptensidered that it may not be efficient to use
hydrogen for stationary applications. A further coemted that it may often be cheaper to use
“existing infrastructure, which is the grid”. Onetlother hand, participants in Group 3 pointed bat t

a key advantage of hydrogen is the ability to stitwetuating electricity from, for example wind
power during off-peak hours.

Feedstocks for hydrogen

Unsurprisingly, given the focus of previous reshafsome of which had been presented to
participants earlier in the workshop), all breakt-guoups raised the issue of feedstocks used for
hydrogen production in their final vision for sustble hydrogen.

Renewable sources

There was widespread support amongst all groupth®ultimate goal of having renewable sources
for hydrogen production. As several participantsedprenewable sources are needed to address air
pollution, climate change and dwindling oil and gapplies. However, while renewable feedstocks
were considered desirable, the viability and pcatities of this vision were the focus of some deba

In particular, biofuels was a topic of some debat&roups 2 and 4. Given the lack of progress made
towards the Renewables Directive, one participantGroup 2 concluded that the vision of a
renewable-based hydrogen transport system is iriippess

Carbon sequestration and nuclear power

There was no consensus amongst participants owethethnuclear could be considered a sustainable
option for hydrogen production; there was also tkebéout whether carbon sequestration would play
a role in the end vision. For a number of partioipasustainability was equated with zero emissions
or “CO2 free”. In Group 3, it was felt that thisfohition could encompass fossil fuel production with
carbon sequestration. However, one participantcatdd that sequestration couidt eliminate all
emissions; furthermore, this participant argued itheould pose “storage problems”.

12
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Problems with nuclear were raised by a number dfgggants. In Groups 2 and 3, uranium depletion
was felt to be an unsustainable dimension of nugewer; while the problem of nuclear waste was
discussed in Group 5. Participants in Group 4 esg@@ concern about the vulnerability of nuclear
power to terrorism and misuse of technology. Ondtmer hand, many argued that nuclear has a role
to play because of the need for a diverse andbllexdnergy supply (see next sub-section).

Nuclearfusionwas also mentioned by one participant in GroupVBile it was suggested that this
might indeed be “sustainable”, it was seen as § uerealistic prospect for the short-term future.
Nevertheless, as one participant pointed out,taprojections used in hydrogen modelling projects
we are considering years like 2050, and in theaesykision might be possible”.

Enerqgy security/ diversification of supply

While renewable energy was a widely favoured, #llgnging, end-vision for sustainable hydrogen,

there also seemed to be some agreement that finetien of supply was an important feature of

future energy systems. This was raised by partitgpan Groups 1, 2, 4 and 5. Furthermore,
participants in Groups 2, 4 and 5 pointed to tls&sriassociated with focussing on, and becoming
locked in to, one technological solution to thelesion of possible alternatives. Group 1 proposed
that future energy supply security will depend ugldversification of both energy sources (different

primary energies and different geographic sourdesupply) and modes of delivery of final energy

services.

In Group 2 there was debate about which criterenewable feedstocks or diversification of supply,
including nuclear power - were preferable. Oneigipdnt stated “we should not put nuclear and
renewables in the same box”. However, the propenehtdiversification seemed to defer to the
inevitability of nuclear and other sources in fat@nergy supply, and rather dismiss the debatet abou
ideal feedstocks:

“I think it is not necessary to define or not tdide whether or not [nuclear] is sustainable. Weehto
think perhaps we cannot avoid it over longer ternj [t is one of the options for primary energy,vse
have to consider it. It doesn'’t affect the utilisatof hydrogen whether the primary energy is camin
from nuclear or other sources”.

“Nuclear can be about diversification of supply.uvknow, you can'’t ignore it, it's a major centralis
power generation facility”.

In this sense, the vision of sustainable hydrogansport is coloured by participants’ beliefs about
what is practicable.

Location of production

Groups 2 and 5 discussed the alternative infrastres for hydrogen production. They seemed to
favour a mixture of local and small-scale as weltantral, bigger sites for production and storafge
hydrogen, as well as onsite hydrogen production.

Flexibility/ synergies between sectors

As indicated earlier, some participants arguedafonore energy-systems based perspective in which
to discuss sustainability of hydrogen. In particul@roup 1 participants pointed to the potential
synergies between the stationary and mobile usdsydfogen, and also between hydrogen as an
energy carrier and as a chemical feedstock. Nesledh, they acknowledged that the major role of
hydrogen in Europe is likely to be in transportrtgpants in Group 3 similarly felt that it is not
possible to isolate discussion about the use ofdgah in the transport sector from hydrogen use in
stationary applications. Hydrogen was viewed asystem solution” with some synergies between
both applications. One participant in Group 2 samyl argued that a sustainable hydrogen economy
would involve integration of energy supply for migbiand stationary applications. This interplay
between sectors would provide greatkxibility and security of energy supplynaking use of
hydrogen’s capacity as an energy carrier.

13
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Economic competitiveness

In Groups 1, 3 and 4, the economic opportunitiesociated with a hydrogen transition were
discussed. Participants pointed to the need foimaly response to international competition in
developing hydrogen technologies, and to providedgealue alternatives to attract consumers. A
number of participants argued that consumers’ prarishoices are motivated above all by cost; while
one patrticipant in Group 3 argued that companiesdarven by economic considerations, with much
lower regard for other sustainability concerns. édlained that since the success for Japanese
manufacturers of hybrid cars, which impacted neghti on European manufacturers, EU car
manufacturers are cautious about falling behinddévelopment of other new technologies like
hydrogen. On the other hand, one Energy Industrtycg@ant suggested the priorities for a sustaieabl
future should not be dominated by economic concerns

Price of energy

Groups 1, 2, 4 and 5 argued that the final visibthe energy system must reflect the real value of
energy. Currently, energy is priced too cheaply émdeal value is insufficiently recognised within
society generally; in consequence, energy is netl iis a way that is consistent with its real worth.
Externalities should therefore be internalisediitufe energy prices.

Change in values/ aspirations

Groups 1 and 2 emphasised the need for systemingebdo achieve sustainable transport and energy
systems. The importance of changing individual aadietal values was stressed in Group 1. They
argued for a paradigm shift involving what peopéeh as desirable (away, for example, from SUVs
as status symbols; perhaps away from holiday tgp$ar-away islands). There could be radical
changes in ideas about mobility, or in conceptdime use. A Policy participant in one of the
heterogeneous groups also indicated the need tessisocietal aspirations for car ownership:

“But the reality is that people continue to buy &3 Mercedes and 7-series BMWSs, | mean they love
them. But that shows what everyone’s aspirationalst is” (male, policy-maker).

In this regard, one mixed-stakeholder group disetidke limitations of models which are based
on current ways of working:

“I think there is no real vision of culture in Eyr®, maybe in no place in the world, | don’t knovjusdt
remember the youth books as a boy, | was readinbese [German series] books which contain lots of
futuristic utopian displays, maybe all of you renemthese displays, where we fly through the ait an
we fly by helicopter and all that. Actually what \aee trying to do with out modelling activitiesvige

try to take one wheel and we try to maybe shifeara little bit, but we don't shift the gearboxtbe
engine completely”.

This point was reinforced by another Researchénergroup, who explained that models must be
calibrated according to observable behaviour: “tuisrantees the model produces reasonable
figures”. However, over the longer-term (say, tb@0 the model is unable to foresee where
trends will be broken, such as in relation to ks changes. Another participant pointed to the
role of scenario analysis for this type of longsteshange; while a fourth indicated the limitations
of models to predict knock-on effects of lifestglepolicy changes, such as teleworking, on other
areas of activity (e.g., travel for leisure). Otlparticipants agreed that there would always be
things outside the boundaries of a particular medélanges in values or the impacts of disruptive
technologies - that would be excluded from analysis

“Models are not truth machines [...] models or scErsaare not that interesting in themselves, it is
what you discuss from them, the ‘if so, then widiscussion]” (female, energy industry).

This discussion suggested an appreciation of thed rfer systemic changes to achieve a
sustainable transport system, and the limitatidmsazlels to explore these radical changes.
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5 Criteria for sustainability (questionnaire findin gs)

This section details the findings from the questaires on stakeholders’ understanding of
sustainability in relation to hydrogen transpodteologies.

Consistent with the break-out group discussiomeveable hydrogen production’ was identified
by the largest proportion of stakeholders (14 dut5) as ensuring widespread use of hydrogen in
road transport is ‘sustainable’ (Table 4). Othepmnses included ‘rising oil prices’, ‘policy/tax
incentives’ and ‘technology developmenthese responses appear to include both criteria for
sustainability and actions/changes required (paths)ao achieve this vision. This conflation of
two issues is likely to be a result of the ambiguaording of the questioithere is no significant
variation in responses between different stakemdigees.

Table 4. What, if anything, do you think will erswvidespread use of hydrogen in road transport is
'sustainable'?

Production of H2 by renewables 14
Rising Qil Prices 6
Policy, Tax Incentives 6
Technology Development 5

Public Education
CO2 Reduction

Other Mobility Scenarios 3
Public Acceptance 2
Security of Supply 1

When presented with a check-list of sustainabitipnsiderations (Table 5), ‘greenhouse gas
emissions’ were identified as the most importamsogeration for a hydrogen transition in road
transport. ‘Costs of infrastructure development’'ravdhe next most popular consideration,
followed by ‘local air pollution’, and ‘energy setty’.

Comparing responses between stakeholder grougs, iitteresting to observe that ‘cost of
mobility’ was only identified by one Automotive giipant, a much lower proportion than other
groups. Only one Automotive participant indicatehérgy security’ was a consideration. No
Policy participants, and only one Energy industaytigipant referred to ‘level of mobility’. No
Policy participants cited ‘EU image’; while all oy participants cited ‘Demand for or diversion
of renewable resourcesHowever, chi-square analysis indicates these diffees between
stakeholder groups are not statistically significan

Table 5. Which of the following do you considebéoimportant 'sustainability’ considerations foeth
widespread use of hydrogen in road transport apgpicns?

Greenhouse gas emissions within EU 38
Investment and infrastructure costs to develop sygstem 33
Local air pollution within EU 33
Energy, resource and technology security/ selfigeficy within EU 29
Cost of mobility 24
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Table 5. cont.

Demand for or diversion of renewable resources faiher uses within and outside of EU and

indirect consequences 21
General level of economic activity (impact of ankiange in mobility level on jobs, taxes,
production, etc. counterbalanced by impact of s@tin of new sectors/services) 18
Level of mobility 17
Impact on innovativeness, competitiveness and tdofical 'image’ of EU 15
Water and land pollution within EU 14
Air, water and land pollution outside EU 14
Costs of RD&D associated with development of hy@rogransport technologies 13
Level of congestion 9
Nuclear implications (number of reactors, quargité waste, etc.) within and outside EU 9
Premature capital write-down of existing investnsesutd infrastructures associated with change to

new system (as defined by a mobility level andcamelogy configuration) 8
Recurrent costs of maintaining new infrastructanee¢all and per unit of mobility) 7
Impact on exchange value of € 4
Other

6 Timeframe for final vision

Participants in Groups 2 and 5 accepted the timmedréor their final vision of sustainable hydrogen

transport as 2050. In some cases, this may beeimfled by the timeframe used in most of the
modelling projects which had presented their figdiearlier in the workshop. Indeed, a remark by a
Group 2 participant suggested his final vision welsienced by what he thought feasible within that

timeframe: “[in the projections used in hydrogendelting projects] we are considering years like

2050, and well these years [fusion] might be pdesib

There was a greater sense of urgency amongst soeow G participants: it was considered that a
sustainable solution has to be reached in a shwetframe (next 20 to 30 years). Others in thisugro
were vaguer about the timeframe, pointing out thatfinal vision would be reached as soon as the
“unsustainable” transition period ended. Group dspnted a similarly cautious view of the transition
period. Participants suggested that it would b&@@ears until the final vision is agreed, and 50-1

to reach that end vision. It was pointed out thotlgit action should not be put off until the final
vision is agreed: vehicle production and infradinee development should commence soon with the
target of 20 years for the first series cars. Havewptions for sustainable production of hydrogen
would need to be devised over a 20-30 year peRadicipants in Group 1 also emphasised the need
to start the slow process of change towards hydrag@asport now because of competition with other
world regions.

7 Pathways to final vision

Groups 1 and 5 pointed to the uncertainties sudimgrthe pathways to a sustainable hydrogen future.
In Group 1 the transition pathway was seen to hg-term with slow, incremental changes; but crises
and ‘surprises’ should be expected and will sptioacand drive innovation. Group 4 suggested that
pathways should be demonstrated but not imposedemphasised the importance keeping all options
open.
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Production

Most stakeholders acknowledged that the vision ddallow a relatively “unsustainable” transition
period, in which hydrogen would likely be produagging fossil fuels combined with carbon capture
and storage (CCS).

Groups 3 and 5 explicitly identified fossil fuelacanuclear energy as being important in hydrogen
production in the short-term (~10 years) for hydnmogsehicles to enter the market. Subsequently,
stakeholders felt renewables could be phased ioe arehicle sales had been established and
infrastructure had started to develop. Furtherm@mup 3 suggested the transition period would
initially feature dual-fuel ICE cars that do notquere a dense network of filling stations, then

subsequently fuel cell cars. One participant inupr@ indicated a role for alternatives to hydrogen,
such as synfuels and biofuels, during the tramsitieriod before there is ultimately convergence to
exclusive hydrogen use in transport.

Geographical dimension

Group 3 felt the introduction of hydrogen techniésgwould and should start in the industrialised
world (EU, USA, Japan), even though the highestvgnorates in energy/oil consumption are to be
expected in developing countries due to their cwmis population growth and ongoing
industrialisation and mobilisation.

Environmental change

One participant in Group 4 suggested that costsuofent unsustainable technology are likely to
increase with rising gas and oil prices; this caugport a transition to alternative fuel technasg

Regulation and political support

In Group 1, participants highlighted the need &xulation, institutional and political support toide
change during the transition to sustainable hydro@eoup 4 similarly pointed to the need for cadts
current unsustainable technology to be raised:enthis may happen anyway due to rising gas and oil
prices, political leaders should also act to irtdise environmental costs. Linking hydrogen
development to political interests was suggestédroup 2 (see Section 8.1).

Public and stakeholder support

As suggested in Section 8.1, public acceptance yafrdgen technologies was seen by many
participants as prerequisite for a successful iians One stakeholder in Group 4 argued for aaloci
consensus on hydrogen in order for a hydrogenitramgo be realised: stakeholders should work
together. In this sense, he advocated a more batppapproach to complement traditional top down
approaches.

Changing behaviour and values

Group 1 felt that an important part of the tramsitipathway will involve influencing human
behaviour. Recent experience in the area of mglfiibngestion taxes, eco-taxes on fuels) has shown
that mobility-related behaviour can be influenceg price. Economic measures, including
internalising external costs, were also suggesiegdsticipants in Groups 4 and 2. Group 1 also
pointed out that higher energy prices have madeggrefficiency more important as an element of
consumer choice when buying cars and therefore alsomarket competition among car
manufacturers. This said, specific energy efficjegains have been partially offset by increases in
engine power and distances travelled, suggestmgéled for policy attention feedbackshat could
otherwise frustrate transition toward sustainapilit

Aside from economic factors, stakeholders pointethe need for more fundamental and long-term
changes in behaviour. In Group 1 it was felt theltdvioural change cannot be forced, but instilling
valuesin young people could play an important role ia tbhng-term transition. The transition would
also be supported by reconsidering models of welfarethods for measuring economic progress and
the links between these. Some members of Grougathaghlighted the importance of education in
achieving their final vision of sustainability.
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8 Barriers to final vision

8.1 Break-out group findings
Technological barriers

The issue of the viability and sustainability okFfcells was raised in several groups. One Policy
participant suggested advanced battery technolegg in hybrid cars might be a better solution to
hydrogen fuel cell vehicles. “Plug-in hybrid” teaiiagy use bigger batteries, thus overcoming range
limitations of earlier models, and satisfying dadgmmute needs. He assessed this option as “not
entirely sustainable but half-way there” - but affeost advantages and flexibility of power sources
(including hydrogen) over hydrogen fuel cell vebigl and would allow existing industries time to
convert to hydrogen in future. Concerns about é&dls were also raised in Group 5. One participant
argued that fuel cell technologies are not readycéonmercialisation, and that with improved battery
technology electric vehicles would offer the besergy efficiency. In Group 3, hydrogen ICE in
combination with a hybrid concept was seen as g-term sustainable solution for some of the
stakeholders.

Costs

In Group 3 many participants suggested that a guésite for the use of hydrogen is the availabitity
cost-competitive conversion technologies, such wed €ells or hydrogen ICEs. It was felt that
lowering the costs of these conversion technologipeesents a major technological challenge.

Group 2 emphasised the cost barriers for realiseigewable-based hydrogen (or electricity)
production. One participant pointed out that, ifunal gas is the cheapest energy chain, there is no
incentive to move towards renewables. There wasesuently some discussion about the changing
price of fossil fuels making renewables more comtipe; and the example of Germany in
successfully bringing renewables to market.

Competing technologies

In Group 4, the threat of alternative technologggh as hybrids was mentioned as a possible barrie
to successful take-off of hydrogen technologies.

Lack of infrastructure

Lack of infrastructure was mentioned by a numbepanticipants as a possible barrier to a hydrogen
transition. In Group 4, the availability of infrastture was thought to be an important component of
public acceptability of hydrogen vehicles. In Gro8ighere was some disagreement about whether
lack of infrastructure was a serious barrier fonyarogen transition. It was suggested that the so-
called “chicken-and-egg problem” doesn't existhyidrogen cars are available, then infrastructure
build-up will automatically happen. Group 5 suggesthere will be an eventual path dependency
through fossil fuel based infrastructure.

Political interests

One participant in Group 2 pointed to politicalergsts as an important determinant of the processes
used in establishing national hydrogen infrastmedu He described the case of “short-lived”
hydrogen, strongly favoured by Italians. In resgons this preference, he claimed Europe was
conforming and “not making a fuss”. Related to fsnt, one participant in Group 5 pointed to the
political barriers and lock-ins associated withsdles for freight and car industries, which canitit

a transition to sustainable transport.

Competing demands for renewables

One participant from the Energy Industry pointed timat Europe will not meet its target set by the
Renewables Directive of 12% of energy supplieddnewable sources by 2010; he therefore felt the
vision of a renewable-based hydrogen transportesysts impossible - particularly given the
competing demand for renewables in other sectorgaltticular, participants in this mixed-stakeholde
group recognised that competing requirements fod lase could pose problems for biofuels as a
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hydrogen feedstock. Group 3 similarly highlightelde tdifficulties in emission-free hydrogen
production, since this would require a significartension of renewable energies beyond those used
for electricity and heat generation and/or a susfoésommercialisation of CCS.

Resource availability

As mentioned, land availability was seen as a caimston biofuel use for hydrogen production. Many
stakeholders also recognised that fossil fuelsccouly play a role in the short-term due to reseurc
scarcity. In addition, the issue of metal suppf@scatalysts was raised in Group 1. It was felthis
group that current methods of hydrogen productioth @onversion cannot be continued indefinitely,
since platinum supplies are finite.

Public perceptions and market pull

A number of participants pointed to the importantehe public image of hydrogen in a successful
transition to hydrogen transport. In Group 1, itsveaiggested that applications in familiar equipment
like laptops or mobile phones would bring hydrogéeser to the general public and remove many
fears. As mentioned, Group 4 argued that the nmogoitant issue in making hydrogen appealing for
consumers is availability of infrastructure. Sevareembers of this group also suggested that the
novelty of hydrogen transport technologies wouldself be appealing to many consumers.

In Groups 2 and 3, the importance of social awa®gaed acceptance of hydrogen was also discussed.
One Research participant raised the possibilitguiflic attitudes turning against the oil indusiamd

a “black image being attached to the car”, whictuldoact as a barrier to marketing fossil-based
hydrogen cars. Another participant (Policy) feistpossibility of public attitudes turning agairstr
ownership was unlikely given that many continuagpire to own powerful, luxury vehicles.

Distribution/supply

In Group 2, participants agreed that there areulistantial barriers to ensuring access to hydrogen
supply in remote areas in Europe, since it couldybeerated in a variety of ways locally if not
connected to the hydrogen supply infrastructurevéi@r, it was highlighted by one participant that
there is a need for a standardised system of supptgss Europe/globally, including uniform
refuelling facilities for vehicles.

Safety

One Group 4 participant raised the issue of safetglation to transporting hydrogen within the.dar
was argued that cars need to be constructed tonitbathe basic requirement for road-user safety.

Levels of mobility

It was widely acknowledged by stakeholders thatctimeent assessments and predictions for hydrogen
transport technology do not consider whether foomkevels of mobility are sustainable. Rather, this
suggests that research has focussed on methodsifgen production and supply in determining
assessments of “sustainability”. However, recogiishe limits to car ownership and use in respéct o
infrastructure capacity and environmental and $ompacts is important for investment and policy
decisions in relation to supporting or commerciafishydrogen technologies. In this sense, trends in
mobility may constitute harrier to a successful hydrogen transition.

In Group 4, the implications for sustainability lmfdrogen’s use on a large-scale were seen by one
participant as highly uncertain. Some participant&roup 3 argued that different mobility scenarios
should be developed for each region or country.éxample, high levels of individual transport may
be appropriate for the US, but cannot be trangdetwecountries like China, India or South America.
For these countries public transport, traffic maamagnt in cities, and alternative ways of workingyma
be more appropriate. Nevertheless, this grouptlielte may be opportunities in these countries for
introducing hydrogen vehicles. Indeed, the intraiducof hydrogen buses may be more successful in
Asian and South American counties because of theisting positive attitudes towards public
transport.
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8.2 Questionnaire findings

The questionnaire asked stakeholders what theyidem®o be the main barriers to achieving long-
term, widespread “sustainable” use of hydrogeroadrtransport (see Table 6). “Cost” was the most
popular response, followed by “technological basig“infrastructure”, and “lack of vision/policy”.

These responses broadly reflect the break-out gi@mgussions. However it is interesting to note tha
mobility demand was only raised by 2 stakeholders thie questionnaires, while this was
acknowledged by most stakeholders in the discussasrbeing unsustainable. This may suggest that
these two issues - rising mobility levels and idtraing hydrogen technologies - are conceptually
relatively distinct for many stakeholders. Furthere) stakeholders did not explicitly highlight ack

of vision, leadership or policy’ in the break-oubgps. Comparison of the questionnaire responses
indicates that this barrier was cited primarily Rgsearch and Policy stakeholders, and not by any
industry stakeholders.

Table 6. What, if anything, do you believe arertr@n barriers to achieving long-term, widespread
'sustainable’ use of hydrogen in road transport?

Cost 13
Technological 11
Infrastructure 9
Lack of vision, leadership & policy 9
Hydrogen Storage 6
Availability of sustainable resources 6
Competing Non-fossil Fuels 4
Public Acceptance 4

Cheap Fossil Fuels

More information for decision makers & public 2
Individual Mobility Demand 2
Production, Safety Aspects 1
Environmental Aspects 1

9 Trade-offs

During the course of the discussions, stakeholdesed a number of trade-offs to be addressed in a
transition to sustainable hydrogen and/or transport

Biofuels and land use

In Group 2, one participant introduced the posgybihat using a lot of biofuels for hydrogen “cdul
also become unsustainable” and suggested suswimgrogen must take account “not only of
climate change but also nutrition and ...”. Here, an@roup 4, participants agreed that competing
social needs for land are an important considerdto biofuel use. Related to this, Groups 2 and 3
mentioned competing demands for renewables (inrg§rfeom sectors other than transport.

Clean energy verses energy security

As mentioned in Section 3, Group 2 was divided abmehether having renewable feedstocks or
diversified supply was a more important ideal. licily they pointed to trade-offs in practical and
secure energy supply on the one hand, and cleamexigiustible energy sources on the other.
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Emissions versus efficiency

The detrimental fuel efficiency impacts of partitd filters from diesel vehicles was raised by one
participant in Group 2, which sparked a discussibaut trade-offs betwedrealthconsiderations on
the one hand andehicle efficiencyandclimate changeon the other. There seemed to be agreement
that health and climate change were indeed segarabd that health considerations would naturally
take precedence:

“But if what you said [about particulate filtersdigcing diesel vehicle efficiency] was right, thdmet
filter at the diesel car actually increases the @ORution due to higher fuel consumption so them y
have to weigh the CO2 against the vehicle gainssaadmeone looking into that perspective or...?”

“Well, how do you value health compared with climahange? | think we all value our health more”
“Yes”
“Yes”, “Yes”, “Mmm” (others).

Public investment

Group 2 identified trade-offs in terms of publicpexditure for public transport versus hydrogen
infrastructure. One participant made the astutatgbiat public investment decisions are fundamental
to the choice between hydrogen and other trangpbidns:

“Public transport can be improved with a lot of ragrof course, but the question is just where do we
invest our money: in fuel stations or in publicsport?”

10  Sustainable mobility

It was accepted by most stakeholders that curraiténms of mobility are unsustainable. Furthermore,
it was generally accepted that hydrogen vehiclisiibn would not be able to tackle problems arising
from unsustainable levels of mobility. However sthiew was not universally shared: most Group 4
participants did not appear to acknowledge any lprod associated with mobility other than
emissions: it was argued that if hydrogen enabge®uwstill have high mobility with reduced carbon
dioxide emissions, this is a win-win situation.

Participants suggested a number of criteria farstasnable transport system:
Freedom/ standards of living

Group 3 participants acknowledged the need to ¢atklvel behaviour of people in the EU and US,
but also recognised an important role for individtransport in the next few decades in Europe.
Group 5 similarly highlighted the benefits of perabtravel in terms of freedom of movement and
freedom of where to live, but acknowledged the reedhifts in behaviour towards alternative forms
of transport - and in particular tackling unreg@ growth in air travel. In Group 4, it was argubdt
sustainable transport is about maintaining ourdstethof living and levels of personal mobility, Wehi
reducing the negative impacts associated with pranbs

Efficiency

In Group 4, driving was classed as a “macro ecoodoss”. Long journeys to work, and parents
driving children everywhere, were seen as inefficies which should be reduced in a sustainable
transport system.

Tackling congestion

The need to reduce congestion was raised by sortieipants. This is illustrated by a remark from a
Research participant:

“Another point which | think is important when talky about sustainability is that hydrogen will redu
dramatically the pollution of cars, but it will nohange the number of cars. And the number ofisars
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definitely very high, because we have congestiomblems and congestion will not be changed if
we...".

Social equity

Group 1 noted that inequity is increasing and, fogrewith increasing energy prices, this trend woul
have implications for mass private transportatitime trend could be exacerbated in an aging society.
It could lead to energy-poverty, including inegestin mobility and access. These important isstes a
inadequately addressed by current research.

Stakeholders also discusdealvto reach more sustainable levels and modes cffoah
Alternative transport technologies

As discussed earlier, many stakeholders saw a fosleother transport technologies - including
biofuels, electric vehicles and hybrids - as wedl laydrogen-powered vehicles in a sustainable
transport system.

Alternative modes of transport

Most participants felt that sustainable transpartild involve greater use of public transport andws
modes’ (e.g., cycling). Group 5 also mentionedrteed for freight transport to use trains.

Motivators for, and barriers to, uptake of publiansport were discussed. In Groups 1 and 2, urban
sprawl (in turn caused by car ownership) was hgyttéd as a limitation to effective public transport
The lack of flexibility of public transport was mtgned in Groups 4 and 2. In one mixed-stakeholder
group, a participant (Policy) described the unbglity, inconvenience and “unenjoyable” experience
of public transport, particularly in bad weathembnight:

“People don't feel safe in public transport if threyin it on their own at night”

“In [name of city], | take the train and | take theetro, and every change I'm losing 15 minutes.aOn
journey that takes 20 minutes by car, it takes ad@uminutes [by public transport]”.

He was pessimistic about the possibility of pubiamsport competing with the private car on grounds

of “freedom and comfort and flexibility”. On thet®r hand, he also acknowledged the unpleasant
experience of being stuck in your car in a trafim. Others in the same group were more optimistic

that public investment or urban planning were keymproving public transport, and one Research

participant hailed the well-funded Swiss publicsport as “perfect”.

Participants made various suggestions for encougagptake of public transport. Economic measures
were most widely cited as an effective means tomgéaravel behaviour. Several Group 4 members
felt that having cheaper public transport will em@me a shift away from individual transport.

“Modal split has been discussed for a long timd,ibthere is a chance for individual transportstdl
be available, people will use it. It's a mattercoft - if individual transport is nearly the samie@ as
public transport, one will choose individual traodpif public is cheaper one would use that more”.

This idea was also commonly supported amongst Geoparticipants: The example of the London

congestion charge, raised by the policy participauats widely acknowledged by participants as an
example of effective congestion reduction. Urbamanplng was mentioned by one Research
participant as a means to reduce car use. Sinmolatiens could be applied to encourage uptake of
alternative-fuel cars. Another Research particigaointed to the example of Oslo, where “Think”

electric vehicles are allowed to use bus lanesghvhas led to a large increase in their sales.

One solution proposed in Group 2 that could oveeosome of the issues surrounding the
incompatibility of public transport with social was (e.g., ownership) was “rapid public transport”
where individuals own personal “pods” that are didkon “road trains”. This would involve “a new

system and a new way of thinking”. Similar ideasor example, of modular- extendible vehicles,
lightweight one- or two-person vehicles — were ssgd in Group 1.
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Reducing demand for transport

Participants suggested other approaches - apart frablic or rapid transport - to tackling car
dependency. Groups 1 and 2 highlighted the needsystemic changes to achieve a sustainable
transport system. Participants in Group 1 suggesidhe future will inevitably include technolegi
and ways of life that we cannot imagine today hiis sense, they argued that we should think beyond
our current concepts of mobility and transportationd be aware, for example, of the role of spatial
planning and patterns of time use (i.e. this isjast a pure transport question). Alternative tpams
solutions suggested by Groups 1 and 2 includedose from products to servigescluding car
leasing, car sharing, intelligent response trartis@famixture of bus and taxi”) - instead of vehicle
ownership. Other suggestions, raised in Groups @ 4nincluded teleworking and teleshopping.
However, some participants in these groups poiteproblems of shifting transport demand from
one area to another, rather than reducing oveeatlathd: communicating with more people using IT
means you have more people to visit; and reduacamgneuter travel will not address increasing travel
for holidays and leisure.

In Groups 4 and 5, participants linked rising mitpilevels to macro-economic factors. Group 4 felt
economic growth could not be sustained; ultimatiéigy suggested stagnation will occur, which will
naturally reduce transport demand.

In Group 2, much of the discussion about the souskde vision for hydrogen transport indicated the
criteria on which alternative transport solutiongstncompete:

« Efficiency

e Pollution abatement - local air pollution anchwdite change

* Congestion

* Public acceptance - including changing imageanfand fossil fuels
e Prevaliling political and industrial interests

e Competing infrastructure (e.g., trains)

* Available feedstocks (competing uses for reneasbhd land)

e Cost/ public investment (funding cannot go beyaado0)

11 Information needs of stakeholders

The questionnaires asked stakeholders about th&rmation and research needs in respect of
hydrogen transport technology. As shown in Tabléh&e was no single area in which stakeholders
had particular information needs. The preferredchfiirto receive information was graphs or charts and
textual reports, followed by expert presentatiom smumerical data (see Table 8). As mentioned
earlier, several stakeholders in Group 2 emphasisetimitations to models.

Table 7. Are there any areas in which you would fihore information or research to support your
decision-making about hydrogen transport techndPodgo, what are these?

Public awareness and public acceptance

Potential of renewables

Broad environmental impacts of H2

Geographical prerequisites for production of hyemg

Which countries are best suited/prepared for HZipcton

R R R R NN

Situation of resources e.g. platinum
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Table 7. cont.

Is it possible to produce fuel cells for the whote demand? 1
Learning curves 1
Applications for non-road modes 1
Specific scenario analysis, covering opportunitgte& issues relating to gearing effect of investtna

new technologies 1
Can there be a long term economic return on inveistnif EU becomes a leading provider of prodycts

and services? 1
Regulatory issues, norms. 1
Support from administration 1
Transparent comparison of RD&D budgets on H2 & mECEurope/national & regional/US largest
competitors (Japan, US, China) 1
Check projections on global oil demand developnagatinst available resources 1
Market / feasibility studies from car manufacturers 1
Analysis of effects of different policy options e.§02 tax? Versus CO2 trading? 1
Consideration of the whole energy system, and @iolyalso non-economical (social) drivers 1
Risks of hydrogen on individual and global scate@-term & short-term) 1
Maximum hydrogen potentials on national/world lefogl different pathways 1
Danger involved with H2 in normal traffic incidetits 1
State of research on nuclear 1

Information and research on batteries in ordeotapare two possible routes for the future

CCs 1
High temperature electrolysis (dangers/costs) 1
Alternatives and energy systems still under ingedton 1

Table 8. In which of the following formats wouldiywrefer this information?

Graphs or charts 16
Textual report 14
Presentation (from expert) 8

Numerical data

Photograph or image 4
Examples, cases tangildemonstration studies 1
Periodicals 1
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12  Analysis of the process

12.1 Break-out group findings
Organisational versus personal positions

An important finding from at least two of the greumvas the evident disparity between some
participants’ organisational policy perspectives and their ovpersonalviews about sustainability.
One participant working in the automotive industicknowledged the unsustainability of mobility;
another Policy participant pointed to the limitacof his organisation’s transport policy:

“In my very personal view, we should of course feecmore on public transport and train transport and
so on, and reduce car ownership of course, butraprasentative of the automobile industry [laughs]
there will be a demand for personal mobility in fheure, but how we meet these demands has to be
rethought and has to change in the future” (Autévedindustry).

“I think I'll switch the microphone off [laughs],dzause this is not the house line. | mean we defyni
espouse from the [name of policy body] side mudatgr use of inter-modal transport, and modal shift
away from the private car to get round these polsyes. But as an actual user of public transport
every day, | despair about its prospects reallyrawimg. It's not a particularly pleasant experienits

not very reliable, in bad weather it's very unergble [...] so you'd have to make a colossal investmen
in public transport in order to offer the functidihathat was remotely comparable to what you hiswve
your car [...] I just don't think it can compete” (Rxy).

As mentioned earlier, one participant from the Bgendustry argued for the importance of long-term
goals so as not to be dominated by short-term enmnoterests: “if you only focus on the most
efficient or most cost-efficient or cheap chain, wil never develop in the right direction”. This
contradistinction between economic considerationd going in the “right direction” is perhaps
surprising from someone working in the private seddn the other hand, these examples highlight a
salient issue in identifying and engaging with ketiaolders”, namely that categorising individuals
according to their industry or broad professioncnipss important distinctions between groups within
these categories (e.g., research departments viitthirstry, different functions within policy) as ive

as individuals’ personal beliefs and backgrounds.

Group dynamics and social learning

Inevitably group discussions involve power relasidmetween participants. In one heterogeneous
group the Policy participant seemed to have theatgst influence amongst the group. Often,

participants would avoid interrupting or disagreeimith him and his opinions seemed to be valued by
other group members. For example, when severdtipamts questioned the value or meaning of the
term “hydrogen economy”, he offered his definitiofi the term which appeared to gain wide

acceptance.

Observational evidence also indicates that somtcimants revised their opinions during the course
of discussion. For example, one woman in a hetesmes group initially presented an unambiguous
argument for renewable-based hydrogen; after op@ticipants raised problems and trade-offs
associated with renewables, such as biomass, theawaonceded that renewable sources are not an
unproblematic solution to future energy needs, anggested that new sources might have to be
found. This kind of social learning is also evid&aim the questionnaire responses (see section 12.2
below).

In Group 1, all from the Research category, thees wo strong domination of one participant,
although areas of expertise (e.g., technology weesiergy policy) were clear in the discussions. The
revision of opinions was not explicit during theo@p 1 discussions, but since each new topic raised
by the participants elicited responses from witihi@ group, the group dynamics were very good and
could be maintained throughout the break-out sassio
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12.2 Questionnaire findings

The questionnaires provided an opportunity to exgphhether the break-out groups had fostered
social learning. In total, a third of stakehold€tg out of 43) felt they had changed their viewsudb
the topics discussed in the groups (Table 9). Apaison of heterogeneous versus homogenous
groups indicates a higher proportion of particigaintthe homogeneous groups (Groups 1 and 5) felt
they had not learnt anything; however, a chi-squasg¢ indicates this difference is not statisticall

significant.

When asked what they had learned from the discusggee Table 10), 7 stakeholders felt they had
gained new insights, 5 had learnt about other cmsmtd about issues surrounding sustainabilityand
further 4 about technological aspects.

Table 9. Do you feel the break-out discussion Hasnged your views about

any of the topics

discussed?
Group Type Total
Homogeneous | Heterogeneous
Yes Count 5 9 14
% within Group Type 31.3% 33.3%| 32.6%
No Count 11 13 24
% within Group Type 68.8% 48.1%| 55.8%
Don't know Count 0 5 5
% within Group Type .0% 18.5%| 11.6%

Table 10. What, if anything, do you feel you haagried from the break-out discussion?

New Insights / Points of View

About other countries, specifically China/India

Issues surrounding sustainability

Technological aspects

Importance of life-style

Reinforcement

Not easy to answer how to transition

Importance of energy storage

Dependence on many factors

Policy making appears to be holding back introductf H2

Automotive industry sees limit in traffic growth

Broader approach to the problem

Agreement on energy mix

Stakeholders were asked whether they would likeeteontacted again about the MATISSE project,
to invite them to workshops or meetings, and 2% ¢b44) stakeholders agreed.
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13 Conclusions

The break-out group discussions revealed that Istdéters do not hold naive views about the potential
for hydrogen by itself to meet requirements fortausbility within either transport or wider energy
systems. That is to say, most stakeholders did emptate hydrogen transport technology with
sustainable mobility. Fosustainable transportstakeholders acknowledged the importance of modal
shift and reduced demand (through more public prarsise, congestion charging, teleworking, etc.);
2 groups emphasised a need for societal value ehdgeg., away from aspirations to own
powerful/luxury cars). Furthermore, for many (thbugot all) stakeholders the future involves
hydrogen technologies co-existing with other tramspechnologies, e.g., biofuels and hybrid velsicle
Indeed, several participants (Groups 2, 4 and B)t@d to the risks associated with focussing on one
technological solution to the exclusion of possilaléernatives. Nevertheless, stakeholders were
broadly positive about hydrogen technologies; mpointed to the potential for hydrogen to offer a
solution to problems of emissions, energy secuaity international competition.

Participants highlighted a range of requiremengs ttydrogen - or indeed alternative technological,
institutional and behavioural options for sustaleatransport/energy systems - must meet to be
defined as “sustainable”. These requirements gorxegimply considerations of hydrogen production
and supply to include sustainable levels of mobdihd societal values that impact on travel choices
Furthermore, Group 1 pointed to the need for a wigkngraphical framing for discussions about
hydrogen technologies - in termsglbbal, not just European, energy systems.

Importantly, different sustainability criteria weidentified or emphasised within each group (ser Bo
1). Renewables were cited by all groups, and wasribst popular criteria for sustainability in the
guestionnaires. Emissions reduction and securitgnafrgy supply, coupled with economic concerns
about competitiveness and infrastructure investiveaite also salient concerns raised in the break-ou
discussions and questionnaires. Overall, enviromaheand economic concerns were significantly
more pressing for stakeholders than were sociateros; issues of social equity, for example, were
only raised within one of the groups (Group 1. Resk only). This may be because environmental
and economic impacts of a hydrogen transition H@en the focus of assessments and research (and
of the presentations given earlier in the workshdpileed, this may also account for the relative
conceptual distinction between rising mobility Isvand introducing hydrogen technologies for many
stakeholders. In turn, at least partly, the laclatbéntion given to social criteria is likely to Hae to
difficulties in operationalising them in researctdajuantifying them for assessmehihis point is not
insignificant. These participants are inevitablylirenced by the information they have been exposed
to (for an illustration of this, see especially @t 6, above); and most of this is likely to onigie
from mainstream concepts of the problems associatiéld unsustainable transport and energy
systems. The aim of the break-out groups was ngrdeide alternative framings of transport or
energy issues or to create a platform for delibeeatdiscussion of new information about these
issues; instead, discussion was restricted to tmiedge and beliefs participardfreadyheld.

Box 1. Sustainability criteria for transport/energystems identified by discussion group participant

Renewable (inexhaustible supply) --------------- -All groups
Low/zero emissions - particulates and GHGs -Groups 2, 3

No toxic waste Group 5

Energy supply security Group 2, 3,4
Diversity of supply Group 1, 2,4,5
Flexibility/ synergy between sectors ------------ -Group 1, 2, 3
Competitiveness Groups 1, 2, 3,4
Prices reflect real value/ externalities -----—- Group 1, 2,4,5
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Box 1. cont.
Efficiency Groups 1,2,4,5
Low/no congestion Group 2, 4?
Safety Group 4
Public support Group 1, 2,3,4
Political and industrial support ------------------ Group 1,2,4
Available infrastructure Group 2, 3, 4,5
Social inclusion Group 1
Personal freedom Groups 5, 3?

In this sense, it is unsurprising that the viewgregsed are largely consistent with the Commission’
definitions of a sustainable hydrogen economy amstasnable transpott However, stakeholders’
conception of sustainability cannot be said to I iaclusive as that represented by the EU
Sustainable Development Strategy, which envisi@ti®ibquality of life for everyone, now and for
generations to come, by balancing economic groetivjronmental quality, and social inclusion. In
this way, the Strategy gives greater emphasis thdrmost stakeholders to concerns of intra- and
inter-generational equity.

We can relate the findings discussed in this refqoditie 4-phase ISA concept:

Scoping- most stakeholders acknowledged that hydrogeroisn itself the ultimate goal; it is one
component of more sustainable energy and transgstems; they do not equate sustainable mobility
with hydrogen-powered transport.

Envisioning and experimenting as outlined below, stakeholders’ criteria for tausable energy/
transport systems will be used to develop sustdityabisions, scenarios and indicators. These will
focus not only on hydrogen technologies, but alsdewtransport policies to tackle unsustainable
mobility. A subset of the criteria identified in Bd could be used to evaluate results during the
experimenting phase. Stakeholders will then cbuté to the refinement of these visions and
scenarios and to explore any trade-offs betweerpeting sustainability objectives.

Learning- most stakeholders identified things they hadnedifferent points of view, information
about other countries, sustainability issues, ;etmil 33% said they had changed their views on the
issues discussed. The MATISSE team learned abewrtianisation and running of such sessions and
about the value of stakeholder input. This repornmarises what was learned by the team and
indicates that even short (on the order of one )hm@ak-out discussions can bring significant injout

an ISA scoping and envisioning process.

Implications for tool development and further engiagnt

Around half the stakeholders identified areas inicwhthey need further information/research to
support decision-making about hydrogen transpatirtelogy (each had different information needs).
Their preferred format to receive information isaphs/charts (31%) textual reports (27%), followed
by expert presentation (16%) and numerical dateojldSeveral stakeholders emphasised the

! The European Commissiortfigh Level Group for Hydrogen and Fuel Cell Teclugpésdefines a sustainable
hydrogen and fuel cell future in terms of cleanfesareliable and secure energy supply; economic
competitiveness (affordability and efficiency ofpgly); air quality and health improvements; andegit@use
gas reduction. The EWhite Paper on Common Transport Poliaggues that sustainable transport requires
improved efficiency; modal shift in freight and pasger transport; internalised environmental costsansport
prices; and public transport.
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limitations to models (especially for long-term tséans). Most (29 out of 44) stakeholders agreed to
be contacted again about MATISSE project, abouh&iworkshops or meetings.

Next steps

Participants at the workshop are not representafitiee full range of stakeholders. Overall, themes

a bias towards research organisations, with ingwstd policy also represented; NGOs were under-
represented and citizens and media organisatiobsrapresented. (It is interesting to note that
stakeholders at the workshop felt these groupslitthl if any influence on a hydrogen transition).
Furthermore, workshop participants were particylaslell-informed about - often experts in -
hydrogen transport technology and relevant sudtdityaissues; under-informed groups were not
present. Finally, workshop participants were mdkely to represent potential ‘winners’ (e.g., vdhic
and hydrogen producers) in a hydrogen transiti@m thotential ‘losers’ or ‘niche’ groups. Further
work will need to address these imbalances, formgt@ through literature reviews and/or
guestionnaires to elicit the views of excluded gand empower niche groups.

Once this stakeholder elicitation process is coteplsustainability visions, scenarios and indicator
will be devised from stakeholders’ criteria. Imgortly, these visions will reflect stakeholders’'wie
that hydrogen is nah itself the ultimate goal; rather, it is one componentnofe sustainable energy
and transport systems. While there was some disagmet about the criteria for a sustainable
transport/energy system, common elements (includemgwable feedstocks, secure energy supply,
competitiveness) can be identified. Importantlgkeholders agree that there is a role for hydragen
well as change in behaviour and/or values. Ondmlirsicenarios and indicators have been developed,
stakeholders will be invited to contribute to thesfinement and to explore any trade-offs between
competing sustainability objectives.
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Appendix 1 - Break-out group questions for stakehol der workshop
discussions

PMATiSS € 4

www.matisse-project.net

Introduction

The break-out group discussion is intended to tesitikeholders’ views on sustainability in the

context of a transition to a hydrogen economy, vetiparticular focus on transport applications.

Although others have suggested what a sustainglle@en society means, we are interested in
your views as stakeholders with unique expertisepmrspectives.

The information gathered via the break-out groufls ve used within the MATISSE project to
develop sustainability criteria and to design ratgvpolicy assessments as part of an Integrated
Sustainability Assessment (ISA) of hydrogen-basadsport.

All information gathered isompletely confidential Preliminary results from the break-out sessions
will be presented at the end of the afternoon, witbrther opportunity for comment and discussion.
Final results from the sessions will be circulated all workshop participants following the
workshop.

Discussion - hydrogen as a sustainable option for t ransport

a) What is the final vision of a sustainable hydrogennomy for road transport?
(Under what technological and spatial configuraiczould hydrogen become a long-term
sustainable energy carrier for road transport appitins?)

b) What is your timeframe for reaching such an entbri3
c) What are the best transition pathways for reacthigyfinal vision?

d) Is the current trend of mobility (in particular imdlual car transport) leading to a sustainable
mobility scenario? If not, what implications do estiative mobility scenarios have for a
hydrogen economy for road transport?

What levels of hydrogen-based mobility could bepsrfed sustainably in Europe over the long
term?

e) Is it possible to meet all our objectives for ataimable hydrogen economy for road transport?
What about trade-offs over space and time?
If it is not possible to meet all our objectivedjigh should be sacrificed?

Additional questions, if time:
a) What are the main barriers for realising a sustdenbydrogen based transport system?

b) What actions do you feel need to be taken, and bgmy to support a transition towards
sustainable hydrogen-based transport?

c) What are competing, alternative approaches to gmsarsustainable road transport system?
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Appendix 2 - Stakeholder self-completion questionna ire

www.matisse-project.net
MATISSE Stakeholder Questionnaire - sustainability, hydrogen & biofuel transport

Introduction

This short questionnaire is intended to elicit stakders’ views on sustainability in the contexaof
transition to a hydrogen economy, with a particfibeus on transport applications. The information
gathered via this questionnaire and the break-déstudsion groups will be used within the
MATISSE project to develop sustainability criteaad to design relevant policy assessments as part
of an Integrated Sustainability Assessment (ISAhyafrogen transport. ISA is a stakeholder-centred
process, which values stakeholders’ unique exgewisd concerns. Therefore, your views are
crucial.

All information gathered iscompletely confidential Key findings from this survey will be
circulated to all workshop participants followirftetworkshop.

Section A Your role and interests in hydrogen traowst technology

1. Which of the following best describes the orgamigsayou work for:
Academia/ Research Organisation

Automotive Industry/ OEM
Energy Industry
Government

Non-Governmental Organisation

Other:

2. What are your/your organisation’s goals vis a yidrbgen transport technology?

3. Which 3 individuals/ organisations/ groups arekég players (i.e. influencers) in relation to hygkea transport
technology in Europe?

)
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i)
ii)

4. To what extent, and in what ways, do you interaith these groups?

Section B Your views about hydrogen transport techology

5. What, if anything, do you think will ensure widespd use of hydrogen in road transport is ‘sustdéab

6. How important are considerations of ‘sustainabilityyour organisation’s goals and decision-makimghydrogen
transport technology?

Very important
Quite important
Not very important

Not at all important

7. Which of the following do you consider to be imgnt ‘sustainability’ considerations for the widesgd use of
hydrogen in road transport applications: [tick asgnas apply]

Investment and infrastructure costs to develop sstem

Premature capital write-down of existing investnseamid infrastructures associated with change tosystem (as
defined by a mobility level and a technology coafigtion)

Costs of research, development and demonstratsmtiased with development of hydrogen as an eneagyer in
transport applications

Recurrent costs of maintaining new infrastructuneetall and per unit of mobility)
Cost of mobility
Level of mobility

Level of congestion
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General level of economic activity (impact of ayaoge in mobility level on jobs, taxes, productietc,
counterbalanced by impact of stimulation of new@estservices)

Impact on innovativeness, competitiveness and t@olical 'image' of EU.

Nuclear implications (number of reactors, quargité waste, etc.) within and outside EU

Demand for or diversion of renewable resources fotiner uses within and outside of EU and indirectsequences

(e.g., on price and availability of food in devalogp countries or on biodiversity in the subtropics)
Energy, resource and technology security/ selficeficy within EU
Local air pollution within EU
Greenhouse gas emissions within EU
Water and land pollution within EU
Air, water and land pollution outside EU
Impact on exchange value of €

Other (please write in):

8. What, if anything, do you believe are the main leasrto achieving long-term, widespread ‘sustaieaibe of

hydrogen in road transport?

9. Do you feel the break-out discussion has changedwews about any of the topics discussed?
Yes

No

Don’t know/ Not applicable

10. What, if anything, do you feel you have learnedrfrime break-out discussion?
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Section C Your information needs

11. Are there any areas in which you would like morfeiimation or research to support your decision-mglkibout
hydrogen transport technology? If so, what aredhes

12. In which of the following formats would you prefigis information? (tick as many as apply)

Graphs or charts

Numerical data

Textual report

Photograph or image
Presentation (e.g., from expert)

Other

And finally...
13. Could we contact you in future to invite you to wslops or meetings for the MATISSE project?
Yes

No

If yes, please write your email address or phomeber here:

Thank you very much for taking the time to completethis questionnaire.

If you have any further comments, please write thenbelow.
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