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Preface 
 

About the MATISSE project 

The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by the 
European Commission, DG Research, within the 6th Framework Programme. The project is interested 
in the role that Integrated Sustainability Assessment (ISA) could play in the process of developing and 
implementing policies capable of addressing persistent problems of unsustainable development and 
supporting transitions to a more sustainable future in Europe. The core activity of MATISSE is to 
develop, test and demonstrate new and improved methods and tools for conducting ISA.  

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

The extent to which the case studies are carrying out a complete ISA for their area of focus varies 
between attempts to cover all phases of an ISA process to partial implementation of the process. 
Equally, different case studies are oriented to developing and testing tools and approaches to some, but 
not all, of the methodological challenges of ISA. The case studies are complementary, however, and 
the set of cases offers the opportunity to address a wide range of methodological challenges and to 
explore linkages between cases. An evaluation of practical experiences with ISA implementation in 
the case studies will provide guidance on the further improvement of methods and tools. Results will 
also contribute to more informed policy advice.  

What is ISA? 

Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a 
cyclical, participatory process of scoping, envisioning, experimenting, and learning through which a 
shared interpretation of sustainability for a specific context is developed and applied in an integrated 
manner, in order to explore solutions to persistent problems of unsustainable development. ISA is 
conceptualised as a complement to other forms of sustainability assessment, such as Sustainability 
Impact Assessment, Integrated Assessment and Regulatory Impact Assessment. Whereas these other 
forms of assessment fulfil the pragmatic need for ex ante screening of incremental sectoral policies 
that are developed within the prevailing policy regime, ISA is conceptualised as a support to longer-
term and more strategic policy processes, where the objective is to explore persistent problems of 
unsustainable development that have a systemic pathology and possible solutions to these. ISA is 
therefore oriented toward supporting the development of cross-sectoral policies that specifically 
address sustainable development and at exploring enabling policy regimes and institutional 
arrangements. 

MATISSE Working Papers 

Matisse Working Papers are interim reports of project activities that are published in order to illustrate 
ongoing work and some provisional conclusions, as well as providing the opportunity for discussion of 
the approaches taken by the project and interim results. This discussion should be both within the 
project and between project members and the broader scientific and policy communities. Readers are 
encouraged to contact the authors to discuss the content of MATISSE Working Papers. 

 

Jill Jäger and Paul Weaver 

Editors of the MATISSE Working Paper Series 
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ABSTRACT 
As part of a cluster workshop on sustainability of hydrogen transport technologies held in Frankfurt 
on 21st February 2006, MATISSE researchers conducted break-out discussion groups with, and 
distributed self-completion questionnaires to, stakeholders in hydrogen transport technology. The 
break-out group discussions revealed that stakeholders do not hold naïve views about the potential for 
hydrogen by itself to meet requirements for sustainability within either transport or wider energy 
systems. Most stakeholders did not equate hydrogen transport technology with sustainable mobility. 
For sustainable transport, stakeholders acknowledged the importance of modal shift and reduced 
demand (through more public transport use, congestion charging, teleworking, etc.); two groups 
emphasised a need for societal value change (e.g., away from aspirations to own powerful/luxury 
cars). Furthermore, for many (though not all) stakeholders the future involves hydrogen technologies 
co-existing with other transport technologies, e.g., biofuels and hybrid vehicles. Several participants 
pointed to the risks associated with focussing on one technological solution to the exclusion of 
possible alternatives. Nevertheless, stakeholders were broadly positive about hydrogen technologies; 
many pointed to the potential for hydrogen to offer a solution to problems of emissions, energy 
security and international competition. Participants highlighted a range of requirements that hydrogen 
- or indeed alternative technological, institutional and behavioural options for sustainable 
transport/energy systems - must meet to be defined as “sustainable”. These requirements go beyond 
simply considerations of hydrogen production and supply to 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 sustainability of hydrogen transport technologies held in Frankfurt on 
21st February 2006, researchers in the MATISSE project conducted break-out discussion groups with, 
and distributed self-completion questionnaires to, stakeholders in hydrogen transport technology.  

The aims of the break-out groups and questionnaires were: 

• To elicit stakeholders’ goals with respect to hydrogen transport technology; 

• To elicit stakeholders’ visions of sustainability in relation to hydrogen transport technology; 

• To elicit stakeholders’ views on viable pathways, and any barriers, to sustainable hydrogen-
based transport; 

• To elicit stakeholders’ views about the trade-offs involved in a hydrogen transition including 
relating diffusion of hydrogen transport technologies to wider challenges of unsustainable 
transport; 

• To feed stakeholders’ views and needs into the integrated sustainability assessment (ISA) 
planning process in one of the work packages of the MATISSE project; 

• To identify stakeholders interested in further participation in the Hydrogen and Fuel Cell 
ISA, including follow-up interviews and deliberative focus groups; 

• To feed information about stakeholders’ roles, perspectives, and interactions and networks 
into the development of an agent-based model within the MATISSE project; 

• To foster social learning, through group discussion, amongst stakeholders. 

Participants at the cluster workshop included researchers and consultants, an NGO representative, 
policy-makers, and members of the automotive and energy industries from across Europe, with 
interests in hydrogen and transport technologies. While this does not represent a comprehensive range 
of stakeholders in a transition to hydrogen transport, it includes key decision-makers in the issue. 
Further research (e.g., literature reviews and interviews) will be conducted to elicit the views of 
stakeholder groups not represented at the workshop. These include consumers, NGOs and media 
representatives. This further work will focus on ensuring the perspectives of excluded groups (e.g., 
potential ‘losers’ in a hydrogen society) are considered in the ISA.  

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

The break-out groups comprised both heterogeneous and homogeneous categories of stakeholders. 

• Group 1 was a homogeneous group of 10 Research stakeholders only (4 women, 6 men) 

• Group 2 was a heterogeneous group comprising 3 research, 1 consultancy, 1 policy, 1 NGO, 
3 energy industry, and 1 automotive industry (2 women, 10 men) 

• Group 3 was a heterogeneous group comprising 2 research, 4 consultancy, 2 policy-makers, 
1 automotive industry, and 1 energy industry (1 woman, 9 men) 
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• Group 4 was a heterogeneous group comprising 2 automotive industry, 1 energy industry, 3 
research (6 men) 

• Group 5 was a homogeneous group of Energy Industry stakeholders only (2 women, 4 men).  

The rationale for using both homogeneous and heterogeneous groups was to enable a comparison of 
group dynamics and social learning amongst similar and diverse stakeholder groups. 

Each group lasted around one hour and was facilitated by one or two facilitators from the MATISSE 
project team. Facilitators audio-recorded the sessions and used flip-charts to note the key points of the 
discussion. The questions used to guide discussion in the break-out groups were circulated to 
participants at the start of the workshop. (See Appendix 1 for break-out group questions.)  

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

The rationale for using both group discussion and individual self-completion questionnaires is that 
there are advantages and limitations to each method. Combining these methods thus provides a 
complementary strategy for knowledge elicitation and social learning.  

This paper reports on the main findings from the break-out group discussions and questionnaires. 
Sections 2 to 11 report on the main findings relating to ‘content’, namely stakeholders’ roles and 
interests in hydrogen transport, their framing of sustainable hydrogen, their vision of a hydrogen-based 
transport system, and their views on pathways, barriers and trade-offs in realising these visions and 
competing alternatives to hydrogen in a sustainable road-transport system. Section 12 describes our 
analysis of the ‘process’ itself, including evidence of 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 stakeholders – 21 of 46 – who took part in the break-out 
groups work in academia. Energy Industry accounted for 7 participants, Government for 4, 
Automotive Industry for 4, Consultancy for 4, and NGOs for 1. (NB - there are minor disparities here 
between the stakeholder categories defined in advance for participants, and those identified by 
stakeholders themselves). 

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

21
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4

1
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Automotive Industry/OEM

Energy Industry

Government

NGO

Consultancy

Other

 
 

Table 1. What are your/your organisation's goals vis a vis hydrogen transport technology? 

RD&D hydrogen technology 10 

Sustainability 9 

Transition to hydrogen economy 7 

Hydrogen Producer 5 

Impact on economy 5 

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 'sustainability' to your organisation's goals and 
decision-making for hydrogen transport technology? 

16

15

1 1

Very Important

Quite Important

Not very important

Not at all important
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Table 2. Which 3 individuals/organisations/groups are the key players (i.e. influencers) in relation to 
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 5 

Research / Academia 4 

Industry 3 

EU H2 Platform 2 

Technology Producing Companies 1 

Chemical Industry 1 

Fuel Cell Industry 1 

Hydrogen Producers 1 

Other 5 

 

 

Stakeholders identified the automotive industry and European Commission as the key influencers in a 
hydrogen transition within Europe (see Table 2). National governments and energy industry were also 
identified by many stakeholders as being key players. Chi-square tests indicate no significant 
difference between stakeholder groups in their responses to this question. The most common way in 
which stakeholders interacted with these groups is via EU-funded projects, as well as by consulting 
and research activities (see Table 3). It is important to note that the high proportion of interaction via 
EU Projects amongst respondents is largely an artefact of the sample of participants - many of whom 
were at the workshop to represent or disseminate findings from EU projects. 

 

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

EU Projects 13 

Consulting 9 

Research Activities 9 

Common Projects 8 

Meetings 2 

National Initiatives/Authorities 2 

Business 2 

Other 4 
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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 was on issues of sustainability relating to hydrogen 
within transport, some participants argued that discussions about sustainable hydrogen should be 
located within a wider energy systems framework. In Groups 1 and 3, it was suggested that a “final 
vision of a sustainable hydrogen economy for road transport” was too narrow and that the real issue 
for which we need to develop a vision is the long-term future of the energy system. Likewise, in 
Group 3 a common view was that hydrogen itself is not the aim; rather greenhouse gas reduction, 
energy supply security and economic growth are the objectives. 

In this regard Group 1 emphasised that there is a need to explore all options, to diversify and to take 
advantage of synergies between sectors (see below). Furthermore, they argued that a vision for 
European energy cannot be created in isolation. The situation in developing countries interacts with 
the developments in Europe. 

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

“The word ‘hydrogen economy’ what does it mean? For me, hydrogen economy is something like 
‘water economy’ or ‘electricity economy’; there are many economies, so there will be also a hydrogen 
economy amongst the others that form the energy economy. So I want to say that I think that hydrogen 
will be one of the most important sectors of the future energy world; we will not have a hydrogen 
society or hydrogen economy in which every other energy features are replaced by hydrogen; we will 
always have electric current, already by the fact that most renewables are appearing as electric current 
[…] and we have to look for the most efficient energy transformers and to avoid any transformation 
which leads to loss of energy… and we will have always electric current, and we need hydrogen 
especially for transport purposes, as long as we have no other possibility for electricity storage”. 

The Policy participant in this group responded to this by pointing out that “hydrogen economy” should 
not be equated with a “hydrogen-based economy”; rather the former denoted a commodification of 
hydrogen without suggesting a phasing out of other energy carriers (the latter).  

Transport systems 

As will be discussed in Section 10, there appeared to be widespread acknowledgement amongst break-
out group participants that hydrogen was not the sole solution to a sustainable road transport solution. 
Rather, hydrogen was seen as offering a possible technological solution to problems of emissions and 
energy security, as well as economic opportunities; but could not address wider mobility problems of, 
for example, congestion or social exclusion. Indeed, several participants (in Groups 2, 4 and 5) pointed 
to the risks associated with focussing on one technological solution to the exclusion of possible 
alternatives. Nevertheless, many stakeholders also pointed to the attractiveness of hydrogen in offering 
environmental, social and economic benefits. 

 

4 Final vision of sustainable hydrogen-based road t ransport 
The break-out groups were asked about what they considered to be the final vision of sustainable 
hydrogen-based road transport.  

One vision or many? 

Groups 1 and 2 both emphasised the importance of a formulating a long-term vision to guide 
transitions and steer short-term change. One participant from the Energy Industry argued for the 
importance of long-term goals so as not to be dominated by short-term economic interests: “if you 
only focus on the most efficient or most cost-efficient or cheap chain, we will never develop in the 
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right direction”. It is interesting to note that this remark implies that economic criteria are not 
appropriate sustainability objectives. 

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

How much hydrogen? 

As indicated above, there was widespread acknowledgment across the groups that hydrogen would be 
only one component of a sustainable transport system; sustainability was viewed more broadly than 
simply in terms of vehicle technologies. Nevertheless, most stakeholders were largely supportive of 
hydrogen transport technologies and their potential to offer reduced emissions, energy security and 
economic competitiveness. Yet, the degree to which stakeholders felt hydrogen vehicles would replace 
alternatives varied. Some participants (including several in Group 2) saw a future in which all vehicles 
were powered by hydrogen, but this was by no means a universal vision. In many cases, alternative 
technologies, such as hybrid vehicles were seen as playing a role. One Policy participant felt the 
advantages of “plug-in hybrid” vehicles may outweigh those of hydrogen vehicles. In Group 3, hybrid 
vehicles were seen as playing a role in a sustainable hydrogen future; this group also felt that, for 
trucks, biofuels seem to be more attractive then hydrogen. Implicitly, then, many stakeholders felt the 
proportion of hydrogen-powered vehicles would not necessarily be 100% in the final vision of 
sustainable hydrogen road transport. One participant in Group 5 explicitly predicted the proportion of 
hydrogen cars in the final vision (2050) would be only 20%- 30%. Furthermore, there was 
disagreement about the role that fuel cells would play in a sustainable transport future; some 
participants in Groups 2 and 3 felt internal combustion engines (ICEs) offer more advantages. 

Within sectors other than transport, most participants were of the opinion that hydrogen might not be 
the most appropriate option, and that electricity would continue to play a role as an energy carrier. One 
participant from the Energy Industry, for example, considered that it may not be efficient to use 
hydrogen for stationary applications. A further commented that it may often be cheaper to use 
“existing infrastructure, which is the grid”. On the other hand, participants in Group 3 pointed out that 
a key advantage of hydrogen is the ability to store fluctuating electricity from, for example wind 
power during off-peak hours. 

Feedstocks for hydrogen 

Unsurprisingly, given the focus of previous research (some of which had been presented to 
participants earlier in the workshop), all break-out groups raised the issue of feedstocks used for 
hydrogen production in their final vision for sustainable hydrogen. 

Renewable sources  

There was widespread support amongst all groups for the ultimate goal of having renewable sources 
for hydrogen production. As several participants noted, renewable sources are needed to address air 
pollution, climate change and dwindling oil and gas supplies. However, while renewable feedstocks 
were considered desirable, the viability and practicalities of this vision were the focus of some debate. 
In particular, biofuels was a topic of some debate in Groups 2 and 4. Given the lack of progress made 
towards the Renewables Directive, one participant in Group 2 concluded that the vision of a 
renewable-based hydrogen transport system is impossible. 

Carbon sequestration and nuclear power 

There was no consensus amongst participants over whether nuclear could be considered a sustainable 
option for hydrogen production; there was also debate about whether carbon sequestration would play 
a role in the end vision. For a number of participants, sustainability was equated with zero emissions 
or “CO2 free”. In Group 3, it was felt that this definition could encompass fossil fuel production with 
carbon sequestration. However, one participant indicated that sequestration could not eliminate all 
emissions; furthermore, this participant argued that it could pose “storage problems”. 



MATISSE Working Paper 17 

13 

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

Nuclear fusion was also mentioned by one participant in Group 2. While it was suggested that this 
might indeed be “sustainable”, it was seen as a very unrealistic prospect for the short-term future. 
Nevertheless, as one participant pointed out, “[in the projections used in hydrogen modelling projects] 
we are considering years like 2050, and in these years fusion might be possible”. 

Energy security/ diversification of supply  

While renewable energy was a widely favoured, if challenging, end-vision for sustainable hydrogen, 
there also seemed to be some agreement that diversification of supply was an important feature of 
future energy systems. This was raised by participants in Groups 1, 2, 4 and 5. Furthermore, 
participants in Groups 2, 4 and 5 pointed to the risks associated with focussing on, and becoming 
locked in to, one technological solution to the exclusion of possible alternatives. Group 1 proposed 
that future energy supply security will depend upon diversification of both energy sources (different 
primary energies and different geographic sources of supply) and modes of delivery of final energy 
services.  

In Group 2 there was debate about which criteria - renewable feedstocks or diversification of supply, 
including nuclear power - were preferable. One participant stated “we should not put nuclear and 
renewables in the same box”. However, the proponents of diversification seemed to defer to the 
inevitability of nuclear and other sources in future energy supply, and rather dismiss the debate about 
ideal feedstocks: 

“I think it is not necessary to define or not to define whether or not [nuclear] is sustainable. We have to 
think perhaps we cannot avoid it over longer term […] It is one of the options for primary energy, so we 
have to consider it. It doesn’t affect the utilisation of hydrogen whether the primary energy is coming 
from nuclear or other sources”. 

“Nuclear can be about diversification of supply. You know, you can’t ignore it, it’s a major centralised 
power generation facility”. 

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

Location of production 

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

Flexibility/ synergies between sectors 

As indicated earlier, some participants argued for a more energy-systems based perspective in which 
to discuss sustainability of hydrogen. In particular, Group 1 participants pointed to the potential 
synergies between the stationary and mobile uses of hydrogen, and also between hydrogen as an 
energy carrier and as a chemical feedstock. Nevertheless, they acknowledged that the major role of 
hydrogen in Europe is likely to be in transport. Participants in Group 3 similarly felt that it is not 
possible to isolate discussion about the use of hydrogen in the transport sector from hydrogen use in 
stationary applications. Hydrogen was viewed as a “system solution” with some synergies between 
both applications. One participant in Group 2 similarly argued that a sustainable hydrogen economy 
would involve integration of energy supply for mobile and stationary applications. This interplay 
between sectors would provide greater flexibility and security of energy supply, making use of 
hydrogen’s capacity as an energy carrier. 

 



MATISSE Working Paper 17 

14 

Economic competitiveness 

In Groups 1, 3 and 4, the economic opportunities associated with a hydrogen transition were 
discussed. Participants pointed to the need for a timely response to international competition in 
developing hydrogen technologies, and to provide good value alternatives to attract consumers. A 
number of participants argued that consumers’ transport choices are motivated above all by cost; while 
one participant in Group 3 argued that companies are driven by economic considerations, with much 
lower regard for other sustainability concerns. He explained that since the success for Japanese 
manufacturers of hybrid cars, which impacted negatively on European manufacturers, EU car 
manufacturers are cautious about falling behind in development of other new technologies like 
hydrogen. On the other hand, one Energy Industry participant suggested the priorities for a sustainable 
future should not be dominated by economic concerns.  

Price of energy 

Groups 1, 2, 4 and 5 argued that the final vision of the energy system must reflect the real value of 
energy. Currently, energy is priced too cheaply and its real value is insufficiently recognised within 
society generally; in consequence, energy is not used in a way that is consistent with its real worth. 
Externalities should therefore be internalised in future energy prices.  

Change in values/ aspirations 

Groups 1 and 2 emphasised the need for systemic changes to achieve sustainable transport and energy 
systems. The importance of changing individual and societal values was stressed in Group 1. They 
argued for a paradigm shift involving what people deem as desirable (away, for example, from SUVs 
as status symbols; perhaps away from holiday trips to far-away islands). There could be radical 
changes in ideas about mobility, or in concepts of time use. A Policy participant in one of the 
heterogeneous groups also indicated the need to address societal aspirations for car ownership: 

“But the reality is that people continue to buy S-Class Mercedes and 7-series BMWs, I mean they love 
them. But that shows what everyone’s aspiration actually is” (male, policy-maker). 

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

“I think there is no real vision of culture in Europe, maybe in no place in the world, I don’t know. I just 
remember the youth books as a boy, I was reading all these [German series] books which contain lots of 
futuristic utopian displays, maybe all of you remember these displays, where we fly through the air and 
we fly by helicopter and all that. Actually what we are trying to do with out modelling activities is we 
try to take one wheel and we try to maybe shift a gear a little bit, but we don’t shift the gearbox or the 
engine completely”. 

This point was reinforced by another Researcher in the group, who explained that models must be 
calibrated according to observable behaviour: “this guarantees the model produces reasonable 
figures”. However, over the longer-term (say, to 2050), the model is unable to foresee where 
trends will be broken, such as in relation to lifestyle changes. Another participant pointed to the 
role of scenario analysis for this type of long-term change; while a fourth indicated the limitations 
of models to predict knock-on effects of lifestyle or policy changes, such as teleworking, on other 
areas of activity (e.g., travel for leisure). Other participants agreed that there would always be 
things outside the boundaries of a particular model - changes in values or the impacts of disruptive 
technologies - that would be excluded from analysis. 

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

This discussion suggested an appreciation of the need for systemic changes to achieve a 
sustainable transport system, and the limitations of models to explore these radical changes. 
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5 Criteria for sustainability (questionnaire findin gs) 
This section details the findings from the questionnaires on stakeholders’ understanding of 
sustainability in relation to hydrogen transport technologies. 

Consistent with the break-out group discussion, ‘renewable hydrogen production’ was identified 
by the largest proportion of stakeholders (14 out of 45) as ensuring widespread use of hydrogen in 
road transport is ‘sustainable’ (Table 4). Other responses included ‘rising oil prices’, ‘policy/tax 
incentives’ and ‘technology development’. These responses appear to include both criteria for 
sustainability and actions/changes required (pathways) to achieve this vision. This conflation of 
two issues is likely to be a result of the ambiguous wording of the question. There is no significant 
variation in responses between different stakeholder types. 

 

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

Production of H2 by renewables 14 

Rising Oil Prices 6 

Policy, Tax Incentives 6 

Technology Development 5 

Public Education 4 

CO2 Reduction 4 

Other Mobility Scenarios 3 

Public Acceptance 2 

Security of Supply 1 

 

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

Comparing responses between stakeholder groups, it is interesting to observe that ‘cost of 
mobility’ was only identified by one Automotive participant, a much lower proportion than other 
groups. Only one Automotive participant indicated ‘energy security’ was a consideration. No 
Policy participants, and only one Energy industry participant referred to ‘level of mobility’. No 
Policy participants cited ‘EU image’; while all Policy participants cited ‘Demand for or diversion 
of renewable resources’. However, chi-square analysis indicates these differences between 
stakeholder groups are not statistically significant. 

 

Table 5. Which of the following do you consider to be important 'sustainability' considerations for the 
widespread use of hydrogen in road transport applications? 

Greenhouse gas emissions within EU 38 

Investment and infrastructure costs to develop new system 33 

Local air pollution within EU 33 

Energy, resource and technology security/ self-sufficiency within EU 29 

Cost of mobility 24 
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Table 5. cont. 

Demand for or diversion of renewable resources from other uses within and outside of EU and 
indirect consequences 21 

General level of economic activity (impact of any change in mobility level on jobs, taxes, 
production, etc. counterbalanced by impact of stimulation of new sectors/services) 18 

Level of mobility 17 

Impact on innovativeness, competitiveness and technological '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 hydrogen transport technologies 13 

Level of congestion 9 

Nuclear implications (number of reactors, quantities of waste, etc.) within and outside EU 9 

Premature capital write-down of existing investments and infrastructures associated with change to 
new system (as defined by a mobility level and a technology configuration) 8 

Recurrent costs of maintaining new infrastructure (overall and per unit of mobility) 7 

Impact on exchange value of € 4 

Other  8 

 

 

6 Timeframe for final vision 
Participants in Groups 2 and 5 accepted the timeframe for their final vision of sustainable hydrogen 
transport as 2050. In some cases, this may be influenced by the timeframe used in most of the 
modelling projects which had presented their findings earlier in the workshop. Indeed, a remark by a 
Group 2 participant suggested his final vision was influenced by what he thought feasible within that 
timeframe: “[in the projections used in hydrogen modelling projects] we are considering years like 
2050, and well these years [fusion] might be possible”. 

There was a greater sense of urgency amongst some Group 3 participants: it was considered that a 
sustainable solution has to be reached in a short time frame (next 20 to 30 years). Others in this group 
were vaguer about the timeframe, pointing out that the final vision would be reached as soon as the 
“unsustainable” transition period ended. Group 4 presented a similarly cautious view of the transition 
period. Participants suggested that it would be 20-30 years until the final vision is agreed, and 50-100 
to reach that end vision. It was pointed out though that action should not be put off until the final 
vision is agreed: vehicle production and infrastructure development should commence soon with the 
target of 20 years for the first series cars. However, options for sustainable production of hydrogen 
would need to be devised over a 20-30 year period. Participants in Group 1 also emphasised the need 
to start the slow process of change towards hydrogen transport now because of competition with other 
world regions. 

 

7 Pathways to final vision 
Groups 1 and 5 pointed to the uncertainties surrounding the pathways to a sustainable hydrogen future. 
In Group 1 the transition pathway was seen to be long-term with slow, incremental changes; but crises 
and ‘surprises’ should be expected and will spur action and drive innovation. Group 4 suggested that 
pathways should be demonstrated but not imposed, and emphasised the importance keeping all options 
open. 
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Production 

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

Groups 3 and 5 explicitly identified fossil fuels and nuclear energy as being important in hydrogen 
production in the short-term (~10 years) for hydrogen vehicles to enter the market. Subsequently, 
stakeholders felt renewables could be phased in, once vehicle sales had been established and 
infrastructure had started to develop. Furthermore, Group 3 suggested the transition period would 
initially feature dual-fuel ICE cars that do not require a dense network of filling stations, then 
subsequently fuel cell cars. One participant in Group 2 indicated a role for alternatives to hydrogen, 
such as synfuels and biofuels, during the transition period before there is ultimately convergence to 
exclusive hydrogen use in transport. 

Geographical dimension 

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

Environmental change 

One participant in Group 4 suggested that costs of current unsustainable technology are likely to 
increase with rising gas and oil prices; this could support a transition to alternative fuel technologies. 

Regulation and political support 

In Group 1, participants highlighted the need for regulation, institutional and political support to guide 
change during the transition to sustainable hydrogen. Group 4 similarly pointed to the need for costs of 
current unsustainable technology to be raised: while this may happen anyway due to rising gas and oil 
prices, political leaders should also act to internalise environmental costs. Linking hydrogen 
development to political interests was suggested in Group 2 (see Section 8.1). 

Public and stakeholder support 

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

Changing behaviour and values 

Group 1 felt that an important part of the transition pathway will involve influencing human 
behaviour. Recent experience in the area of mobility (congestion taxes, eco-taxes on fuels) has shown 
that mobility-related behaviour can be influenced by price. Economic measures, including 
internalising external costs, were also suggested by participants in Groups 4 and 2. Group 1 also 
pointed out that higher energy prices have made energy efficiency more important as an element of 
consumer choice when buying cars and therefore also of market competition among car 
manufacturers. This said, specific energy efficiency gains have been partially offset by increases in 
engine power and distances travelled, suggesting the need for policy attention to feedbacks that could 
otherwise frustrate transition toward sustainability.  

Aside from economic factors, stakeholders pointed to the need for more fundamental and long-term 
changes in behaviour. In Group 1 it was felt that behavioural change cannot be forced, but instilling 
values in young people could play an important role in the long-term transition. The transition would 
also be supported by reconsidering models of welfare, methods for measuring economic progress and 
the links between these. Some members of Group 4 also highlighted 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 of fuel cells was raised in several groups. One Policy 
participant suggested advanced battery technology used in hybrid cars might be a better solution to 
hydrogen fuel cell vehicles. “Plug-in hybrid” technology use bigger batteries, thus overcoming range 
limitations of earlier models, and satisfying daily commute needs. He assessed this option as “not 
entirely sustainable but half-way there” - but offers cost advantages and flexibility of power sources 
(including hydrogen) over hydrogen fuel cell vehicles, and would allow existing industries time to 
convert to hydrogen in future. Concerns about fuel cells were also raised in Group 5. One participant 
argued that fuel cell technologies are not ready for commercialisation, and that with improved battery 
technology electric vehicles would offer the best energy efficiency. In Group 3, hydrogen ICE in 
combination with a hybrid concept was seen as a long-term sustainable solution for some of the 
stakeholders. 

Costs 

In Group 3 many participants suggested that a prerequisite for the use of hydrogen is the availability of 
cost-competitive conversion technologies, such as fuel cells or hydrogen ICEs. It was felt that 
lowering the costs of these conversion technologies represents a major technological challenge. 

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

Competing technologies 

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

Lack of infrastructure 

Lack of infrastructure was mentioned by a number of participants as a possible barrier to a hydrogen 
transition. In Group 4, the availability of infrastructure was thought to be an important component of 
public acceptability of hydrogen vehicles. In Group 3 there was some disagreement about whether 
lack of infrastructure was a serious barrier for a hydrogen transition. It was suggested that the so-
called “chicken-and-egg problem” doesn't exist; if hydrogen cars are available, then infrastructure 
build-up will automatically happen. Group 5 suggested there will be an eventual path dependency 
through fossil fuel based infrastructure.  

Political interests 

One participant in Group 2 pointed to political interests as an important determinant of the processes 
used in establishing national hydrogen infrastructures. He described the case of “short-lived” 
hydrogen, strongly favoured by Italians. In response to this preference, he claimed Europe was 
conforming and “not making a fuss”. Related to this point, one participant in Group 5 pointed to the 
political barriers and lock-ins associated with subsidies for freight and car industries, which can inhibit 
a transition to sustainable transport.  

Competing demands for renewables 

One participant from the Energy Industry pointed out that Europe will not meet its target set by the 
Renewables Directive of 12% of energy supplied by renewable sources by 2010; he therefore felt the 
vision of a renewable-based hydrogen transport system is impossible - particularly given the 
competing demand for renewables in other sectors. In particular, participants in this mixed-stakeholder 
group recognised that competing requirements for land use could pose problems for biofuels as a 
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hydrogen feedstock. Group 3 similarly highlighted the difficulties in emission-free hydrogen 
production, since this would require a significant extension of renewable energies beyond those used 
for electricity and heat generation and/or a successful commercialisation of CCS. 

Resource availability  

As mentioned, land availability was seen as a constraint on biofuel use for hydrogen production. Many 
stakeholders also recognised that fossil fuels could only play a role in the short-term due to resource 
scarcity. In addition, the issue of metal supplies for catalysts was raised in Group 1. It was felt in this 
group that current methods of hydrogen production and conversion cannot be continued indefinitely, 
since platinum supplies are finite. 

Public perceptions and market pull 

A number of participants pointed to the importance of the public image of hydrogen in a successful 
transition to hydrogen transport. In Group 1, it was suggested that applications in familiar equipment 
like laptops or mobile phones would bring hydrogen closer to the general public and remove many 
fears. As mentioned, Group 4 argued that the most important issue in making hydrogen appealing for 
consumers is availability of infrastructure. Several members of this group also suggested that the 
novelty of hydrogen transport technologies would in itself be appealing to many consumers. 

In Groups 2 and 3, the importance of social awareness and acceptance of hydrogen was also discussed. 
One Research participant raised the possibility of public attitudes turning against the oil industry, and 
a “black image being attached to the car”, which would act as a barrier to marketing fossil-based 
hydrogen cars. Another participant (Policy) felt this possibility of public attitudes turning against car 
ownership was unlikely given that many continue to aspire to own powerful, luxury vehicles. 

Distribution/supply 

In Group 2, participants agreed that there are no substantial barriers to ensuring access to hydrogen 
supply in remote areas in Europe, since it could be generated in a variety of ways locally if not 
connected to the hydrogen supply infrastructure. However, it was highlighted by one participant that 
there is a need for a standardised system of supply across Europe/globally, including uniform 
refuelling facilities for vehicles. 

Safety 

One Group 4 participant raised the issue of safety in relation to transporting hydrogen within the car. It 
was argued that cars need to be constructed to deal with the basic requirement for road-user safety. 

Levels of mobility 

It was widely acknowledged by stakeholders that the current assessments and predictions for hydrogen 
transport technology do not consider whether forms or levels of mobility are sustainable. Rather, this 
suggests that research has focussed on methods of hydrogen production and supply in determining 
assessments of “sustainability”. However, recognising the limits to car ownership and use in respect of 
infrastructure capacity and environmental and social impacts is important for investment and policy 
decisions in relation to supporting or commercialising hydrogen technologies. In this sense, trends in 
mobility may constitute a barrier to a successful hydrogen transition. 

In Group 4, the implications for sustainability of hydrogen’s use on a large-scale were seen by one 
participant as highly uncertain. Some participants in Group 3 argued that different mobility scenarios 
should be developed for each region or country. For example, high levels of individual transport may 
be appropriate for the US, but cannot be transferred to countries like China, India or South America. 
For these countries public transport, traffic management in cities, and alternative ways of working may 
be more appropriate. Nevertheless, this group felt there may be opportunities in these countries for 
introducing hydrogen vehicles. Indeed, the introduction of hydrogen buses may be more successful in 
Asian and South American counties because of their existing positive attitudes towards public 
transport. 
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8.2 Questionnaire findings 

The questionnaire asked stakeholders what they consider to be the main barriers to achieving long-
term, widespread “sustainable” use of hydrogen in road transport (see Table 6). “Cost” was the most 
popular response, followed by “technological barriers”, “infrastructure”, and “lack of vision/policy”. 

These responses broadly reflect the break-out group discussions. However it is interesting to note that 
mobility demand was only raised by 2 stakeholders in the questionnaires, while this was 
acknowledged by most stakeholders in the discussions as being unsustainable. This may suggest that 
these two issues - rising mobility levels and introducing hydrogen technologies - are conceptually 
relatively distinct for many stakeholders. Furthermore, stakeholders did not explicitly highlight a ‘lack 
of vision, leadership or policy’ in the break-out groups. Comparison of the questionnaire responses 
indicates that this barrier was cited primarily by Research and Policy stakeholders, and not by any 
industry stakeholders. 

 

Table 6. What, if anything, do you believe are the main 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 3 

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, stakeholders raised 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 possibility that using a lot of biofuels for hydrogen “could 
also become unsustainable” and suggested sustainable hydrogen must take account “not only of 
climate change but also nutrition and …”. Here, and in Group 4, participants agreed that competing 
social needs for land are an important consideration for biofuel use. Related to this, Groups 2 and 3 
mentioned competing demands for renewables (in general) from sectors other than transport. 

Clean energy verses energy security  

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

The detrimental fuel efficiency impacts of particulate filters from diesel vehicles was raised by one 
participant in Group 2, which sparked a discussion about trade-offs between health considerations on 
the one hand and vehicle efficiency and climate change on the other. There seemed to be agreement 
that health and climate change were indeed separable, and that health considerations would naturally 
take precedence: 

“But if what you said [about particulate filters reducing diesel vehicle efficiency] was right, then the 
filter at the diesel car actually increases the CO2 pollution due to higher fuel consumption so then you 
have to weigh the CO2 against the vehicle gains and is someone looking into that perspective or…?” 

“Well, how do you value health compared with climate change? I think we all value our health more” 

“Yes” 

“Yes”, “Yes”, “Mmm” (others). 

Public investment 

Group 2 identified trade-offs in terms of public expenditure for public transport versus hydrogen 
infrastructure. One participant made the astute point that public investment decisions are fundamental 
to the choice between hydrogen and other transport options: 

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

 

 

10 Sustainable mobility 
It was accepted by most stakeholders that current patterns of mobility are unsustainable. Furthermore, 
it was generally accepted that hydrogen vehicle diffusion would not be able to tackle problems arising 
from unsustainable levels of mobility. However, this view was not universally shared: most Group 4 
participants did not appear to acknowledge any problems associated with mobility other than 
emissions: it was argued that if hydrogen enables us to still have high mobility with reduced carbon 
dioxide emissions, this is a win-win situation.  

Participants suggested a number of criteria for a sustainable transport system: 

Freedom/ standards of living 

Group 3 participants acknowledged the need to tackle travel behaviour of people in the EU and US, 
but also recognised an important role for individual transport in the next few decades in Europe. 
Group 5 similarly highlighted the benefits of personal travel in terms of freedom of movement and 
freedom of where to live, but acknowledged the need for shifts in behaviour towards alternative forms 
of transport - and in particular tackling unrestricted growth in air travel. In Group 4, it was argued that 
sustainable transport is about maintaining our standard of living and levels of personal mobility, while 
reducing the negative impacts associated with transport. 

Efficiency 

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

Tackling congestion 

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

“Another point which I think is important when talking about sustainability is that hydrogen will reduce 
dramatically the pollution of cars, but it will not change the number of cars. And the number of cars is 
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definitely very high, because we have congestion problems and congestion will not be changed if 
we…”. 

Social equity  

Group 1 noted that inequity is increasing and, together with increasing energy prices, this trend would 
have implications for mass private transportation. The trend could be exacerbated in an aging society. 
It could lead to energy-poverty, including inequities in mobility and access. These important issues are 
inadequately addressed by current research.  

Stakeholders also discussed how to reach more sustainable levels and modes of transport: 

Alternative transport technologies 

As discussed earlier, many stakeholders saw a role for other transport technologies - including 
biofuels, electric vehicles and hybrids - as well as hydrogen-powered vehicles in a sustainable 
transport system. 

Alternative modes of transport 

Most participants felt that sustainable transport would involve greater use of public transport and ‘slow 
modes’ (e.g., cycling). Group 5 also mentioned the need for freight transport to use trains. 

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

“People don’t feel safe in public transport if they’re in it on their own at night” 

“In [name of city], I take the train and I take the metro, and every change I’m losing 15 minutes. On a 
journey that takes 20 minutes by car, it takes about 40 minutes [by public transport]”. 

He was pessimistic about the possibility of public transport competing with the private car on grounds 
of “freedom and comfort and flexibility”. On the other hand, he also acknowledged the unpleasant 
experience of being stuck in your car in a traffic jam. Others in the same group were more optimistic 
that public investment or urban planning were key to improving public transport, and one Research 
participant hailed the well-funded Swiss public transport as “perfect”.  

Participants made various suggestions for encouraging uptake of public transport. Economic measures 
were most widely cited as an effective means to change travel behaviour. Several Group 4 members 
felt that having cheaper public transport will encourage a shift away from individual transport.  

“Modal split has been discussed for a long time, but if there is a chance for individual transport to still 
be available, people will use it. It’s a matter of cost - if individual transport is nearly the same price as 
public transport, one will choose individual transport; if public is cheaper one would use that more”. 

This idea was also commonly supported amongst Group 2 participants: The example of the London 
congestion charge, raised by the policy participant, was widely acknowledged by participants as an 
example of effective congestion reduction. Urban planning was mentioned by one Research 
participant as a means to reduce car use. Similar solutions could be applied to encourage uptake of 
alternative-fuel cars. Another Research participant pointed to the example of Oslo, where “Think” 
electric vehicles are allowed to use bus lanes, which has led to a large increase in their sales. 

One solution proposed in Group 2 that could overcome some of the issues surrounding the 
incompatibility of public transport with social values (e.g., ownership) was “rapid public transport” 
where individuals own personal “pods” that are linked on “road trains”. This would involve “a new 
system and a new way of thinking”. Similar ideas – for example, of modular- extendible vehicles, 
lightweight one- or two-person vehicles – were suggested in Group 1. 
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Reducing demand for transport 

Participants suggested other approaches - apart from public or rapid transport - to tackling car 
dependency. Groups 1 and 2 highlighted the need for systemic changes to achieve a sustainable 
transport system. Participants in Group 1 suggested that the future will inevitably include technologies 
and ways of life that we cannot imagine today. In this sense, they argued that we should think beyond 
our current concepts of mobility and transportation and be aware, for example, of the role of spatial 
planning and patterns of time use (i.e. this is not just a pure transport question). Alternative transport 
solutions suggested by Groups 1 and 2 included a move from products to services, including car 
leasing, car sharing, intelligent response transport (“mixture of bus and taxi”) - instead of vehicle 
ownership. Other suggestions, raised in Groups 2 and 4, included teleworking and teleshopping. 
However, some participants in these groups pointed to problems of shifting transport demand from 
one area to another, rather than reducing overall demand: communicating with more people using IT 
means you have more people to visit; and reducing commuter travel will not address increasing travel 
for holidays and leisure.  

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

In Group 2, much of the discussion about the sustainable vision for hydrogen transport indicated the 
criteria on which alternative transport solutions must compete:  

• Efficiency 

• Pollution abatement - local air pollution and climate change 

• Congestion 

• Public acceptance - including changing image of car and fossil fuels 

• Prevailing political and industrial interests 

• Competing infrastructure (e.g., trains) 

• Available feedstocks (competing uses for renewables and land) 

• Cost/ public investment (funding cannot go beyond 2010) 

 

11 Information needs of stakeholders 
The questionnaires asked stakeholders about their information and research needs in respect of 
hydrogen transport technology. As shown in Table 7, there was no single area in which stakeholders 
had particular information needs. The preferred format to receive information was graphs or charts and 
textual reports, followed by expert presentation and numerical data (see Table 8). As mentioned 
earlier, several stakeholders in Group 2 emphasised the limitations to models. 

 

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

Public awareness and public acceptance 2 

Potential of renewables 2 

Broad environmental impacts of H2 1 

Geographical prerequisites for production of hydrogen. 1 

Which countries are best suited/prepared for H2-production 1 

Situation of resources e.g. platinum 1 
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Table 7. cont. 

Is it possible to produce fuel cells for the whole car demand? 1 

Learning curves 1 

Applications for non-road modes 1 

Specific scenario analysis, covering opportunity costs & issues relating to gearing effect of investment in 
new technologies  1 

Can there be a long term economic return on investment, if EU becomes a leading provider of products 
and services? 1 

Regulatory issues, norms. 1 

Support from administration 1 

Transparent comparison of RD&D budgets on H2 & FCs in Europe/national & regional/US largest 
competitors (Japan, US, China) 1 

Check projections on global oil demand development against available resources 1 

Market / feasibility studies from car manufacturers 1 

Analysis of effects of different policy options e.g.. CO2 tax? Versus CO2 trading? 1 

Consideration of the whole energy system, and including also non-economical (social) drivers 1 

Risks of hydrogen on individual and global scale (long-term & short-term) 1 

Maximum hydrogen potentials on national/world level for different pathways 1 

Danger involved with H2 in normal traffic incidents!!! 1 

State of research on nuclear 1 

Information and research on batteries in order to compare two possible routes for the future 1 

CCS 1 

High temperature electrolysis (dangers/costs) 1 

Alternatives and energy systems still under investigation 1 

 

 

Table 8. In which of the following formats would you prefer this information? 

Graphs or charts 16 

Textual report 14 

Presentation (from expert) 8 

Numerical data 7 

Photograph or image 4 

Examples, cases tangible demonstration 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 groups was the evident disparity between some 
participants’ organisational policy perspectives and their own personal views about sustainability. 
One participant working in the automotive industry acknowledged the unsustainability of mobility; 
another Policy participant pointed to the limitations of his organisation’s transport policy: 

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

“I think I’ll switch the microphone off [laughs], because this is not the house line. I mean we definitely 
espouse from the [name of policy body] side much greater use of inter-modal transport, and modal shift 
away from the private car to get round these policy issues. But as an actual user of public transport 
every day, I despair about its prospects really improving. It’s not a particularly pleasant experience, it’s 
not very reliable, in bad weather it’s very unenjoyable […] so you’d have to make a colossal investment 
in public transport in order to offer the functionality that was remotely comparable to what you have in 
your car […] I just don’t think it can compete” (Policy). 

As mentioned earlier, one participant from the Energy Industry argued for the importance of long-term 
goals so as not to be dominated by short-term economic interests: “if you only focus on the most 
efficient or most cost-efficient or cheap chain, we will never develop in the right direction”. This 
contradistinction between economic considerations and going in the “right direction” is perhaps 
surprising from someone working in the private sector. On the other hand, these examples highlight a 
salient issue in identifying and engaging with “stakeholders”, namely that categorising individuals 
according to their industry or broad profession obscures important distinctions between groups within 
these categories (e.g., research departments within industry, different functions within policy) as well 
as individuals’ personal beliefs and backgrounds. 

Group dynamics and social learning  

Inevitably group discussions involve power relations between participants. In one heterogeneous 
group the Policy participant seemed to have the greatest influence amongst the group. Often, 
participants would avoid interrupting or disagreeing with him and his opinions seemed to be valued by 
other group members. For example, when several participants questioned the value or meaning of the 
term “hydrogen economy”, he offered his definition of the term which appeared to gain wide 
acceptance. 

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

In Group 1, all from the Research category, there was no strong domination of one participant, 
although areas of expertise (e.g., technology versus energy policy) were clear in the discussions. The 
revision of opinions was not explicit during the Group 1 discussions, but since each new topic raised 
by the participants elicited responses from within the group, the group dynamics were very good and 
could be maintained throughout the break-out session. 
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12.2 Questionnaire findings 

The questionnaires provided an opportunity to explore whether the break-out groups had fostered 
social learning. In total, a third of stakeholders (14 out of 43) felt they had changed their views about 
the topics discussed in the groups (Table 9). A comparison of heterogeneous versus homogenous 
groups indicates a higher proportion of participants in the homogeneous groups (Groups 1 and 5) felt 
they had not learnt anything; however, a chi-square test indicates this difference is not statistically 
significant.  

When asked what they had learned from the discussions (see Table 10), 7 stakeholders felt they had 
gained new insights, 5 had learnt about other countries, 4 about issues surrounding sustainability and a 
further 4 about technological aspects. 

 

Table 9. Do you feel the break-out discussion has changed 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 have learned from the break-out discussion? 

New Insights / Points of View 7 

About other countries, specifically China/India 5 

Issues surrounding sustainability 4 

Technological aspects 4 

Importance of life-style 2 

Reinforcement 1 

Not easy to answer how to transition 1 

Importance of energy storage 1 

Dependence on many factors 1 

Policy making appears to be holding back introduction of H2 1 

Automotive industry sees limit in traffic growth 1 

Broader approach to the problem 1 

Agreement on energy mix 1 

 

 

Stakeholders were asked whether they would like to be contacted again about the MATISSE project, 
to invite them to workshops or meetings, and 29 (out of 44) stakeholders agreed. 
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13 Conclusions 
The break-out group discussions revealed that stakeholders do not hold naïve views about the potential 
for hydrogen by itself to meet requirements for sustainability within either transport or wider energy 
systems. That is to say, most stakeholders did not equate hydrogen transport technology with 
sustainable mobility. For sustainable transport, stakeholders acknowledged the importance of modal 
shift and reduced demand (through more public transport use, congestion charging, teleworking, etc.); 
2 groups emphasised a need for societal value change (e.g., away from aspirations to own 
powerful/luxury cars). Furthermore, for many (though not all) stakeholders the future involves 
hydrogen technologies co-existing with other transport technologies, e.g., biofuels and hybrid vehicles. 
Indeed, several participants (Groups 2, 4 and 5) pointed to the risks associated with focussing on one 
technological solution to the exclusion of possible alternatives. Nevertheless, stakeholders were 
broadly positive about hydrogen technologies; many pointed to the potential for hydrogen to offer a 
solution to problems of emissions, energy security and international competition.  

Participants highlighted a range of requirements that hydrogen - or indeed alternative technological, 
institutional and behavioural options for sustainable transport/energy systems - must meet to be 
defined as “sustainable”. These requirements go beyond simply considerations of hydrogen production 
and supply to include sustainable levels of mobility and societal values that impact on travel choices. 
Furthermore, Group 1 pointed to the need for a wider geographical framing for discussions about 
hydrogen technologies - in terms of global, not just European, energy systems.  

Importantly, different sustainability criteria were identified or emphasised within each group (see Box 
1). Renewables were cited by all groups, and was the most popular criteria for sustainability in the 
questionnaires. Emissions reduction and security of energy supply, coupled with economic concerns 
about competitiveness and infrastructure investment, were also salient concerns raised in the break-out 
discussions and questionnaires. Overall, environmental and economic concerns were significantly 
more pressing for stakeholders than were social concerns; issues of social equity, for example, were 
only raised within one of the groups (Group 1: Research only). This may be because environmental 
and economic impacts of a hydrogen transition have been the focus of assessments and research (and 
of the presentations given earlier in the workshop). Indeed, this may also account for the relative 
conceptual distinction between rising mobility levels and introducing hydrogen technologies for many 
stakeholders. In turn, at least partly, the lack of attention given to social criteria is likely to be due to 
difficulties in operationalising them in research and quantifying them for assessment. This point is not 
insignificant. These participants are inevitably influenced by the information they have been exposed 
to (for an illustration of this, see especially Section 6, above); and most of this is likely to originate 
from mainstream concepts of the problems associated with unsustainable transport and energy 
systems. The aim of the break-out groups was not to provide alternative framings of transport or 
energy issues or to create a platform for deliberative discussion of new information about these 
issues; instead, discussion was restricted to the knowledge and beliefs participants already held.  

 

Box 1. Sustainability criteria for transport/energy systems identified by discussion group participants 
 

Renewable (inexhaustible supply) ----------------- 

Low/zero emissions - particulates and GHGs ---- 

No toxic waste ---------------------------------------- 

Energy supply security ------------------------------ 

Diversity of supply ---------------------------------- 

Flexibility/ synergy between sectors -------------- 

Competitiveness ------------------------------------- 

Prices reflect real value/ externalities ------------- 

 

All groups 

Groups 2, 3 

Group 5 

Group 2, 3, 4 

Group 1, 2, 4, 5 

Group 1, 2, 3 

Groups 1, 2, 3, 4 

Group 1, 2, 4, 5 
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Box 1. cont. 
 

Efficiency --------------------------------------------- 

Low/no congestion ---------------------------------- 

Safety ------------------------------------------------- 

Public support ---------------------------------------- 

Political and industrial support --------------------- 

Available infrastructure ----------------------------- 

Social inclusion -------------------------------------- 

Personal freedom ------------------------------------- 

 

Groups 1, 2, 4, 5 

Group 2, 4? 

Group 4 

Group 1, 2, 3, 4 

Group 1, 2, 4 

Group 2, 3, 4, 5 

Group 1 

Groups 5, 3? 

 

 

In this sense, it is unsurprising that the views expressed are largely consistent with the Commission’s 
definitions of a sustainable hydrogen economy and sustainable transport1. However, stakeholders’ 
conception of sustainability cannot be said to be as inclusive as that represented by the EU 
Sustainable Development Strategy, which envisions better quality of life for everyone, now and for 
generations to come, by balancing economic growth, environmental quality, and social inclusion. In 
this way, the Strategy gives greater emphasis than did most stakeholders to concerns of intra- and 
inter-generational equity.  

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

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

Envisioning and experimenting - as outlined below, stakeholders’ criteria for sustainable energy/ 
transport systems will be used to develop sustainability visions, scenarios and indicators. These will 
focus not only on hydrogen technologies, but also wider transport policies to tackle unsustainable 
mobility. A subset of the criteria identified in Box 1 could be used to evaluate results during the 
experimenting phase.  Stakeholders will then contribute to the refinement of these visions and 
scenarios and to explore any trade-offs between competing sustainability objectives. 

Learning - most stakeholders identified things they had learnt (different points of view, information 
about other countries, sustainability issues, etc.); and 33% said they had changed their views on the 
issues discussed. The MATISSE team learned about the organisation and running of such sessions and 
about the value of stakeholder input. This report summarises what was learned by the team and 
indicates that even short (on the order of one hour) break-out discussions can bring significant input to 
an ISA scoping and envisioning process. 

Implications for tool development and further engagement 

Around half the stakeholders identified areas in which they need further information/research to 
support decision-making about hydrogen transport technology (each had different information needs). 
Their preferred format to receive information is: graphs/charts (31%) textual reports (27%), followed 
by expert presentation (16%) and numerical data (14%). Several stakeholders emphasised the 

                                                      
1 The European Commission’s High Level Group for Hydrogen and Fuel Cell Technologies defines a sustainable 
hydrogen and fuel cell future in terms of clean, safe, reliable and secure energy supply; economic 
competitiveness (affordability and efficiency of supply); air quality and health improvements; and greenhouse 
gas reduction. The EU White Paper on Common Transport Policy argues that sustainable transport requires 
improved efficiency; modal shift in freight and passenger transport; internalised environmental costs in transport 
prices; and public transport. 
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limitations to models (especially for long-term decisions). Most (29 out of 44) stakeholders agreed to 
be contacted again about MATISSE project, about further workshops or meetings. 

Next steps 

Participants at the workshop are not representative of the full range of stakeholders. Overall, there was 
a bias towards research organisations, with industry and policy also represented; NGOs were under-
represented and citizens and media organisations not represented. (It is interesting to note that 
stakeholders at the workshop felt these groups had little if any influence on a hydrogen transition). 
Furthermore, workshop participants were particularly well-informed about - often experts in - 
hydrogen transport technology and relevant sustainability issues; under-informed groups were not 
present. Finally, workshop participants were more likely to represent potential ‘winners’ (e.g., vehicle 
and hydrogen producers) in a hydrogen transition than potential ‘losers’ or ‘niche’ groups. Further 
work will need to address these imbalances, for example through literature reviews and/or 
questionnaires to elicit the views of excluded groups and empower niche groups.  

Once this stakeholder elicitation process is complete, sustainability visions, scenarios and indicators 
will be devised from stakeholders’ criteria. Importantly, these visions will reflect stakeholders’ views 
that hydrogen is not in itself the ultimate goal; rather, it is one component of more sustainable energy 
and transport systems. While there was some disagreement about the criteria for a sustainable 
transport/energy system, common elements (including renewable feedstocks, secure energy supply, 
competitiveness) can be identified. Importantly, stakeholders agree that there is a role for hydrogen as 
well as change in behaviour and/or values. Once initial scenarios and indicators have been developed, 
stakeholders will be invited to contribute to their refinement 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  

 
www.matisse-project.net 

Introduction  

The break-out group discussion is intended to elicit stakeholders’ views on sustainability in the 
context of a transition to a hydrogen economy, with a particular focus on transport applications. 
Although others have suggested what a sustainable hydrogen society means, we are interested in 
your views as stakeholders with unique expertise and perspectives.  

The information gathered via the break-out groups will be used within the MATISSE project to 
develop sustainability criteria and to design relevant policy assessments as part of an Integrated 
Sustainability Assessment (ISA) of hydrogen-based transport.  

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

 

 

Discussion - hydrogen as a sustainable option for t ransport 

a) What is the final vision of a sustainable hydrogen economy for road transport?  
(Under what technological and spatial configurations could hydrogen become a long-term 
sustainable energy carrier for road transport applications?) 

b) What is your timeframe for reaching such an end vision? 

c) What are the best transition pathways for reaching this final vision?  

d) Is the current trend of mobility (in particular individual car transport) leading to a sustainable 
mobility scenario? If not, what implications do alternative mobility scenarios have for a 
hydrogen economy for road transport?  
What levels of hydrogen-based mobility could be supported sustainably in Europe over the long 
term?   

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

Additional questions, if time:  

a) What are the main barriers for realising a sustainable hydrogen based transport system? 

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

c) What are competing, alternative approaches to ensuring a sustainable 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 stakeholders’ views on sustainability in the context of a 
transition to a hydrogen economy, with a particular focus on transport applications. The information 
gathered via this questionnaire and the break-out discussion groups will be used within the 
MATISSE project to develop sustainability criteria and to design relevant policy assessments as part 
of an Integrated Sustainability Assessment (ISA) of hydrogen transport. ISA is a stakeholder-centred 
process, which values stakeholders’ unique expertise and concerns. Therefore, your views are 
crucial. 

All information gathered is completely confidential. Key findings from this survey will be 
circulated to all workshop participants following the workshop. 

 
 

Section A Your role and interests in hydrogen transport technology 
 

1. Which of the following best describes the organisation you 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 vis hydrogen transport technology? 
 

 

 

 

3. Which 3 individuals/ organisations/ groups are the key players (i.e. influencers) in relation to hydrogen transport 
technology in Europe?  
 

i) 
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ii) 
 

iii) 
 

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

 

 

 

Section B Your views about hydrogen transport technology 
 

5. What, if anything, do you think will ensure widespread use of hydrogen in road transport is ‘sustainable’? 
 

 

 

 

 

 

 

6. How important are considerations of ‘sustainability’ to your organisation’s goals and decision-making for hydrogen 
transport technology? 

Very important �  

Quite important �   

Not very important �   

Not at all important �  

 
7. Which of the following do you consider to be important ‘sustainability’ considerations for the widespread use of 

hydrogen in road transport applications: [tick as many as apply] 
 

�  Investment and infrastructure costs to develop new system 

�  Premature capital write-down of existing investments and infrastructures associated with change to new system (as 
defined by a mobility level and a technology configuration) 

�  Costs of research, development and demonstration associated with development of hydrogen as an energy carrier in 
transport applications 

�  Recurrent costs of maintaining new infrastructure (overall 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 any change in mobility level on jobs, taxes, production, etc. 
counterbalanced by impact of stimulation of new sectors/services) 

�  Impact on innovativeness, competitiveness and technological 'image' of EU. 

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

�  Demand for or diversion of renewable resources from other uses within and outside of EU and indirect consequences 
(e.g., on price and availability of food in developing countries or on biodiversity in the subtropics) 

�  Energy, resource and technology security/ self-sufficiency 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 barriers to achieving long-term, widespread ‘sustainable’ use of 
hydrogen in road transport? 

 

 

 

 

 

 

9. Do you feel the break-out discussion has changed your views about any of the topics discussed? 

Yes �  

No �  

Don’t know/ Not applicable �  
 

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

11. Are there any areas in which you would like more information or research to support your decision-making about 
hydrogen transport technology? If so, what are these? 

 

 

 

 

 

 

 

 

12. In which of the following formats would you prefer this 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 workshops or meetings for the MATISSE project? 

Yes �  

No �  

If yes, please write your email address or phone number here:  

_________________________________ 

 

Thank you very much for taking the time to complete this questionnaire. 

If you have any further comments, please write them below. 
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