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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 
 
Many of the serious persistent problems of unsustainability facing society cannot be adequately 
resolved with traditional incremental and sectoral approaches to policy-making. Problems associated 
with unsustainable forms and levels of transport, for example, include congestion, social exclusion, 
public health risks, and climate change. The notion of ‘transitions’ has been proposed as a suitable 
analytical framework for understanding these types of persistent problems (e.g., Rotmans et al., 2001). 
This framework highlights the interdependency of institutions and infrastructures constituting the 
transport and related sub-systems, which has created various types of lock-in that stifle innovation. In 
this project we aim to critically explore whether the notion of transitions can be usefully applied in 
policy-relevant research to better understand the complex nature of social systems and to improve the 
tool-kit available for developing and evaluating sustainability policies. 
 
In this paper, we discuss work that is underway in the EU Framework 6 project MATISSE to develop 
the science and application of Integrated Sustainability Assessment (ISA) in EU policy-making. ISA is 
a strategic, multi-disciplinary, inclusive process for formulating and assessing sustainability policies. In 
particular, we focus on one of the four case studies used in the project - transport - and examine the 
possibility of a transition to a hydrogen-based road transport system. There is a strong interest at 
European level in a ‘hydrogen economy’, or ‘hydrogen society’, potentially to provide solutions to 
problems of urban air pollution, climate change, and threats to energy security, and at the same time to 
ensure European competitiveness. However, while recent research has focussed on the technical and 
economic aspects of transition pathways to a hydrogen society, less attention has been given to the 
wider social, institutional and cultural dimensions of such a transition. 
 
The research presented here adopts a two-track approach to assess the sustainability implications and 
prospects of a hydrogen transition. Firstly, we use stakeholder engagement methods to elucidate visions 
of sustainable transport and assess the role of hydrogen transport technologies within these visions. 
Secondly, building on previous attempts to model a hydrogen transition (e.g., Schwoon, 2005) and 
long-term technological change (Köhler, 2003, 2005), we develop an innovative model of a hydrogen 
transition within road transport. We believe this strategy provides a more integrated and robust 
approach to assessing a transition to sustainable transport than using a single-method approach. In this 
paper, we discuss initial findings from the stakeholder and modelling work within the MATISSE 
project, and consider their implications for policy-making with regard to transport and hydrogen 
technologies.
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Modelling and assessing transition pathways to a 
hydrogen society 

 

1 Introduction 
 
In this paper, we discuss research that is currently underway in the EU Framework Six MATISSE 
project1 to model and assess a transition to sustainable transport. The persistent nature of the problems 
associated with transport indicates a need for more radical technological and behavioural solutions. We 
use concepts from the transitions literature (e.g., Geels, 2005a; Rotmans et al., 2001) to consider the 
prospects and policy options for a transition (systemic shift) to sustainable transport. The research 
presented here adopts a two-track approach to achieve this. Firstly, we use stakeholder engagement 
methods to elucidate visions of sustainable transport and assess the role of hydrogen transport 
technologies within these visions. Secondly, building on previous attempts to model a hydrogen 
transition (e.g., Schwoon, 2005) and long-term technological change (Köhler, 2003, 2005), we develop 
an innovative model of a hydrogen transition within road transport. We believe this strategy provides a 
more integrated and robust approach to assessing a transition to sustainable transport than using a 
single-method approach. 
 
In this paper, we discuss initial findings from the stakeholder and modelling work within the MATISSE 
project. In section 2, the case study of transport is described: evidence for the unsustainability of the 
transport system is reviewed and an argument presented for the need for a transition to sustainable 
transport. In sections 3 and 4, we give a critical assessment of the role of hydrogen transport 
technologies in achieving a sustainable transport future. In section 3, we refer in particular to recent 
findings from a stakeholder engagement exercise with hydrogen experts. Section 4 describes the first 
stage in the development of a tool-kit to support decision-making with regard to a transition to 
sustainable transport. This has involved the development of a hydrogen transition model; initial results 
from this model are discussed here. Finally, section 5 includes a description of the next phase in this 
model development process, which moves beyond the technological level to the transport system level. 
 
 

2 A transition case study: sustainable transport 
 

2.1 Evidence of unsustainability in transport 
 

Aggregate demand for travel has seen a massive increase since the Industrial Revolution, and 
particularly in recent decades (Figure 1). Improved transport has been a core driver - and outcome - of 
economic and social development, offering new opportunities and choices as well as quicker and 
cheaper journeys. Since approximately 1750, a series of fundamental changes in technology and 
therefore in society - the Industrial Revolution - have characterised socio-economic development. The 
economic processes of long term growth and structural economic change have been called ‘Kondratiev 
waves’ (e.g., Freeman & Louçã, 2001; Köhler, 2003). Not only do these Kondratiev waves characterise 
long term economic development, they also embody changes in economic structures that have major 
impacts on the forms of energy use and associated environmental impacts. Two of these waves have 
had transport as a major feature: the 2nd Kondratiev wave of railways, steam engines and coal; and the 
4th Kondratiev wave of motor cars, internal combustion engines and oil. These waves of growth have 
not only had a major impact on society, but have come to represent both the culture and economic 
drivers of the industrialised societies of their times. Neither of these previous waves has had 

                                                 
1  Methods and Tools for Integrated Sustainability Assessment (MATISSE). See: www.matisse-project.net 
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sustainability as a concern. Therefore, changing this culture of transport requires a fundamental change 
in both the culture and society of modern economies.  
 
The spatial expansion of business networks and social relationships represents a positive feedback on 
patterns of mobility: as travel opportunities increase, so does the obligation to travel (Hillman, 2004). 
Consequently, the spatial pattern of lifestyles and activities is expanding; experiences and relationships 
are geographically unconstrained. In Europe, the global distance travelled by all road vehicles has 
tripled over the last 30 years; car ownership, and proportion of two-car families, has also 
increased (Eurostat, 2005; Exley & Christie, 2003). As a result of the huge demand for mobility, energy 
use in transport is increasing the most rapidly of all sectors of the economy (Figure 1).  
 
However, growth in transport has been unevenly distributed across different modes of transport - with 
road and air travel rapidly expanding, and rail and maritime sectors stagnating (European Commission, 
2001b). The growth in car use is linked to various social trends, including economic and technological 
development (Hillman, 2004; Poortinga et al., 2004; Exley & Christie, 2003; 2002); individualisation 
and consumption (Shove, 2003); and awareness of the social and technological risks in everyday life 
(e.g., Beck, 1992). Consequently, people travel by car to feel safe, and through car ownership express 
their identity, independence and status (Christensen et al., 2005; Kay, 1997; Black et al, 2001). 
Furthermore, the car has become a powerful cultural icon, evident in art, film, literature, music, 
advertising, sexuality, national identity, urban design, architecture and so on (Wollen & Kerr, 2002). In 
contrast, public transport and cycling often suffer from a more negative image, in terms of perceived 
comfort, status, convenience and safety (Black et al., 2001; Davies et al., 1997; Exley & Christie, 
2003). Social norms and habitual behaviour serve to lock-in these preferences and patterns of behaviour 
(cf. Bandura, 1997), presenting a significant obstacle to tackling unsustainable transport.  
 

 
Figure 1. Transport and concomitant emissions have increased rapidly in recent years 

 
 

 
 

Source: Eurostat, 2005 
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These changing mobility patterns have led to a range of social, economic, and environmental problems. 
These include climate change, acid rain, air pollution, noise, accidents, congestion, social inequality, 
resource depletion and obesity. In respect of climate change, transport is the sector with the highest 
increase of greenhouse gas emissions in recent decades, rising by 24% between 1990 and 2003 
(European Environment Agency, 2005). In turn, this threatens human health and ecosystem integrity. 
Local air pollution and noise associated with transport are problems for the increasing proportion (80%) 
of the European population living in urban areas. In respect of health, particulate emissions and ozone 
are the main problems, contributing to around 370,000 premature deaths in Europe each year (European 
Environment Agency, 2006). Up to 80 million Europeans suffer from unacceptable levels of noise, 
much of which is caused by traffic-related sound. This can lead to hypertension, myocardial infarction 
or sleep disturbance (European Union Road Federation, 2004). Road transport also presents other risks 
to human health and safety. Although fatality rates have decreased, road accidents still claim 41,000 
lives per year in the EU (European Environment Agency, 2001) and result in more than 1.7 million 
injuries (Eurostat, 2005). Cohen (2005) points out that sedentary lifestyles are another consequence of 
increased motorised transport: the rise in obesity in Western societies has paralleled the rise in car use.  
 
Aside from health, there are other social and economic costs associated with transport. The impacts of 
both local air pollution and global climate change are most likely to affect poorer communities, 
exacerbating social and health inequalities (Kay, 1997). Furthermore, in some countries, people have to 
travel increasing distances to gain this access to basic services such as shopping, work and education 
due to changing spatial patterns (e.g., urban sprawl and development of out-of-town centres). Where 
social mobility and physical mobility are closely related, those with restricted access to public or private 
modes of transport find themselves excluded from many employment and social opportunities 
(Department for Transport, 2000). Due to increasing fuel prices, limited reserves of oil and gas, as well 
as increased spread of incomes in EU countries, the issue of wide access to affordable transport in the 
EU could become an increasingly relevant issue in the future. The issue of access and social inclusion 
particularly affects rural communities and groups with impaired mobility, such as the elderly and 
disabled (e.g., Guide Dogs, 2004). As European populations age, this problem is likely to be 
exacerbated. Kay (1997) argues that community life is corroded in car-centred cultures, which reduce 
opportunities for contact with neighbours, isolate and anonymise drivers, and segregate society by race, 
income and age (see also European Commission 2001b) . 
 
Congestion and land use associated with transport infrastructure are also problems for most European 
countries. INFRAS (2004) estimate the deadweight losses, which reflect the economic costs in relation 
to an optimal traffic situation, at 63 billion Euro for EU17 in 2000, and the additional time costs at 268 
billion Euro (3% of GDP). Furthermore, transport infrastructure is both costly to maintain and takes up 
increasing amounts of rural and urban land, leaving less space for other human needs such as housing, 
services and recreation, and threatening biodiversity (European Environment Agency, 2005; European 
Commission 2001b). Other impacts associated with transport infrastructure include soil sealing and 
fragmentation of natural, semi-natural and agricultural areas (European Commission 2001b). 
 
Finally, resource depletion and energy security are concerns that are strongly affected by transport. 
There are considerable materials and energy used in the construction of vehicles and transport 
infrastructure. Additionally, transport is an ongoing major driver of energy use. It accounts for more 
than one quarter of the world’s and 32% of the EU’s commercial energy use, and these proportions are 
increasing. The transport market is today almost entirely dependent upon oil-based fuels and is 
responsible for about 67% of final oil demand in the EU (see figures on oil consumption in EU25: 
European Environment Agency, 2005). 
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2.2 Transition to sustainable transport 
 

Because of the importance of transport to economies, EU policy has historically focussed on 
liberalisation and harmonisation of transport to form a single trans-European transport network 
(Eurostat, 2005). More recently it has incorporated sustainability considerations into transport policies. 
Mobility is one of the six priority areas of the EU’s Sustainable Development Strategy (European 
Commission 2001b). Furthermore, the European Commission’s (2001a) White Paper on the Future 
Common Transport Policy highlights a range of initiatives necessary for tackling problems of 
sustainability in the transport sector, including fostering modal shift towards environmentally friendly 
modes (rail, inland waterways, short sea shipping); promoting alternative vehicle and fuel technologies; 
improving efficiency; and internalising environmental costs in transport prices. 
 
However, measures taken so far to influence individual travel decisions have had little effect relative to 
the underlying growth in demand. Indeed, in some cases, interventions to reduce demand or foster 
modal shift have had the reverse effect (e.g., Goodwin et al., 2004). Similarly, the benefit of technical 
measures to reduce vehicle emissions and noise has often been outstripped by the increase in vehicle 
numbers, engine size, travel frequency and trip length (European Commission, 2001b).  
 
The rising demand for transport, particularly road transport, suggests a need for radical rather than 
incremental technological improvements as well as integrated approaches to reducing demand and 
encouraging modal shift. The persistence of the problems (outlined above) arising from current 
transport systems are complex, uncertain and cut across a number of sectors. Furthermore, they are 
structural - deeply rooted in, and reinforced by, patterns of behaviour, technologies, infrastructures and 
social institutions (Geels, 2005a). This highlights the need to address the underlying structural 
determinants of transport demand in order to realise a more sustainable transport system. 
 
Increasing attention is being given to radical, systemic innovation (or ‘transitions’) as a means of 
tackling these types of persistent problems (e.g., Rotmans et al., 2001). The literature on transitions 
highlights the interdependency of institutions and infrastructures constituting societal systems and sub-
systems, which has created various types of lock-in that stifle innovation (Smith et al., 2005). These 
societal systems comprise inter-locking economic, social, cultural, infrastructural and regulative sub-
systems, which are associated with a range of social groups (Geels, 2005a). The stability and cohesion 
of societal systems is established and reinforced through cognitive, normative and regulative institutions 
(Geels, 2005b). These institutions are represented by the concept of ‘regime’. A regime then can be 
understood as a particular set of ‘dominant practices, rules and shared assumptions’ (Rotmans et al, 
2001, p.5), which act as a homogenising influence on actors (e.g., van den Hoed & Vergragt, 2004). 
Importantly, regimes typically focus on system optimisation rather than system innovation, because 
habits, existing competencies, past investment, regulation, prevailing norms, worldviews and so on, act 
to lock in patterns of behaviour and result in path dependencies for technological and social 
development (Smith et al., 2005; Geels, 2005b). Researchers have therefore highlighted ‘niches’ - 
individual technologies and actors outside or peripheral to the regime - as the loci for radical innovation 
(Geels, 2005a,b; Rotmans et al., 2001; Smith et al., 2005). The regime may be threatened from the 
niche level, or from changes at the broader ‘landscape’ level of economic, ecological and cultural 
trends, or from internal misalignment amongst regime actors (Geels, 2005a). Once a threat is 
recognised, regime actors will mobilise resources from within the regime, and in some cases from 
within niches, to respond to it (Smith et al., 2005; Geels & Schot, 2005). A transition occurs when a 
regime is transformed or replaced. This multi-level concept (niche, regime, landscape) is complemented 
by the multi-phase concept. Building on the s-shaped (sigmoid) diffusion curve (Rogers, 1995), four 
phases of a transition can be identified: pre-development, take-off, acceleration, and stabilisation 
(Rotmans et al., 2001; Geels, 2005a). In the pre-development stage, there is uncoordinated 
experimentation at the niche level but no visible change in the status quo. By the take-off stage, a 
coordinated network of niche actors forms and a dominant concept of the innovation they are 
developing emerges; the technology/idea is used in niche applications and rapidly improves. The 
acceleration phase occurs when there is a convergence of pressures on the regime, which allows the 
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innovation to diffuse rapidly. As the niche enters the mainstream, it challenges the incumbent regime 
and the structure of the system visibly changes. Finally, in the stabilisation phase, the speed of change 
decreases and a new dynamic equilibrium is reached once the old regime is replaced. 
 
Two main types of transition have been studied in the transition literature: 

1. (Socio-)technical transitions - which focus on disruptive technologies and related institutions 
(e.g., Geels, 2005a,b) 

2. Societal transitions - which focus on broader shifts in behaviour and institutions at the level of 
societal functions (e.g., transport, communication, healthcare) (e.g., Rotmans et al., 2001). 

 
The distinction between these two categories is not absolute; indeed, technological transitions do 
involve changes in patterns of behaviour and institutions, and may be part of a broader shift within a 
particular societal function. However, the distinction is useful for our research because there are 
competing discourses on sustainable transport - some focussing on technological solutions (the 
technological fix) and others on institutional and behavioural solutions. In both cases, we can conceive 
of these involving a transition, although the benefits and risks associated with each may be very 
different. 
 
The MATISSE case study on transport aims to examine both technological and behavioural pathways to 
a sustainable transport future. In this paper, we focus principally on hydrogen and fuel cell transport 
technologies, as an example of a radical (or disruptive) technological ‘solution’ to transport problems 
(e.g., van den Hoed, 2004). Future work will address wider behavioural changes necessary for a 
transition to sustainable transport. 
 
A twin-track approach has been adopted for researching and assessing the prospects and policy options 
for a transition to sustainable transport as part of an Integrated Sustainability Assessment (ISA). ISA 
has been defined as an iterative and participatory four-stage process (scoping, envisioning, assessing 
and evaluating), which incorporates environmental, social and economic aspects of sustainability 
(Weaver & Rotmans, 2005).  
 
Firstly, stakeholder perspectives have formed a core component of our approach to scoping the 
transport problem, envisioning a sustainable transport future, and assessing alternative pathways to that 
future. This recognises the value of different stakeholders’ unique expertise and perspectives in 
developing socially- and scientifically-robust sustainable transport solutions (cf. Fiorino, 1990). There 
is an increasing recognition that policy-making for sustainability demands a more participatory, and 
multi-disciplinary approach (Gibson et al., 2005) due to the complexity, ambiguity and subjectivity that 
surround persistent problems of unsustainability. This integrated approach is consistent with the notion 
of ‘Mode 2’ science, which is more inter-disciplinary, socially-accountable and applied than traditional 
scientific models of knowledge production (Gibbons et al, 1994).  
 
Secondly, we are working to improve the tool-kit available for developing and evaluating sustainability 
policies. While there exist various participatory methods to support the scoping and envisioning phases 
of ISA, there are few methods or tools (e.g., models) that are able to assess policies in an adequately 
integrated manner or to support long-term, strategic decision-making. There is typically a focus in 
policy assessment on economic impacts and methods such as cost-benefit analysis, with less attention 
given to environmental and social impacts or to considerations of equity or justice (Lee, 2006; 
Wilkinson et al., 2004; O’Riordan, 2001). Research within the MATISSE project addresses the need for 
decision-support tools that reflect the complex nature of social systems and allow for the integration of 
a range of disciplines and perspectives. In particular, our work is focussed on building simulation 
models of transitions to sustainability. Our first case study is transport, and eventually we aim to be able 
to simulate technological and behavioural pathways to sustainable transport futures. As mentioned, we 
present here the development of a hydrogen transition model as the first stage in this process of ISA 
tool development. 
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3 Hydrogen and fuel cell transport technologies  
 

3.1 Political and commercial interest in hydrogen t echnologies 
 

In respect of vehicles and vehicle fuels, hydrogen and fuel cell vehicle technologies have become a 
focus of considerable investment by public and private sector organisations in Europe (see, e.g., van den 
Hoed & Vergragt, 2004). The European Commission has been investing in a range of hydrogen 
technology research, development and demonstration projects in recent years (e.g., HyWays, 
HySociety, Zero-Regio, ECTOS, Renewable-H2, CUTE). Furthermore, the European Commission has 
made the hydrogen economy one of its long-term priorities for Europe’s energy system. To this end, it 
has created a private-public collaboration (known as a ‘technology platform’) to share expertise on 
hydrogen and to devise an action plan for creating an integrated hydrogen economy based on renewable 
energy sources and nuclear power by the middle of this century (European Hydrogen and Fuel Cell 
Technology Platform, 2005). The Commission has also set a target of substituting 20% of traditional 
fuels by alternative fuels by 2020, with a total hydrogen penetration of 5%. Hydrogen and fuel cell 
technologies also contribute to the Commission’s vision of Environmental Technology for Sustainable 
Development (European Commission, 2002) which posits that use of clean technologies can create 
‘win-win’ situations, where economic benefits can be reaped without resulting in environmental 
degradation. 
 
This interest in developing and diffusing hydrogen and fuel cell vehicle technologies is based on the 
assumption that hydrogen offers effective solutions to both emission problems and concerns about 
security of energy supply, since hydrogen is an energy carrier that:  

·  is emission-free at final use; and 
·  can be obtained from a variety of different primary sources. 

 
Furthermore, fuel cell vehicles contribute to reduced noise pollution since: 

·  the drive system is virtually noiseless. 
 
It is revealing that social benefits are not explicitly considered alongside the economic and 
environmental benefits of this technological ‘solution’. As will be discussed in the following sections, 
there is a potentially significant, but limited, role for hydrogen and fuel cell technologies within a 
transition to sustainable transport. 
 

3.2.1 Stakeholder visions of sustainable transport and the role of 
hydrogen technologies 

 
Recent stakeholder processes have investigated the role which hydrogen and fuel cell vehicles can and 
should play in achieving a sustainable transport system. In February 2006, MATISSE researchers used 
focus groups and questionnaires to elicit expert stakeholders’ visions of sustainability in relation to both 
hydrogen transport technology and transport; and their views on viable pathways, and any barriers, to 
sustainable hydrogen-based transport (for further details see Whitmarsh et al., 2006). In total, 44 
stakeholders from across Europe with interests and expertise in hydrogen transport technology 
participated in the discussion and the survey (including 21 researchers, 7 from the energy industry, 4 
from the automotive industry, 4 from government, 4 consultants, 1 NGO and 5 ‘others’). The rationale 
for focussing on a more elite sample in assessing hydrogen and fuel cell technologies and sustainable 
transport is that perspectives on novel technologies tend to be more coherent and discriminating as 
knowledge about the technology increases (Evans & Durant, 1995). On the other hand, this group does 
not include marginalised societal groups, who may have different perspectives on transport. Further 
research will be conducted to elicit the views of stakeholder groups not represented at the workshop.  
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·  Sustainability criteria for hydrogen transport technologies 
Overall, stakeholders in the discussion groups pointed to the attractiveness of hydrogen in offering 
environmental and economic benefits. In particular, they highlighted the potential for hydrogen 
technologies to offer emissions reduction, energy supply security and economic growth. In these 
respects, the views expressed by these stakeholders reflect those of previous projects that used 
stakeholder perspectives to define a sustainable hydrogen economy (see McDowall & Eames, 2006). 
They also closely reflect the definition of a sustainable hydrogen and fuel cell future outlined by the 
European Commission’s High Level Group for Hydrogen and Fuel Cell Technologies - a stakeholder 
group representing the research community, industry, public authorities and end-users (European 
Commission, 2003) 
 

 In terms of the characteristics of sustainable hydrogen, stakeholders in our research felt feedstocks are 
the key determinant. Consistent with previous stakeholder processes (e.g., Wehnert et al., 2005; 
McDowall & Eames, 2006), there was widespread support amongst all participants for the ultimate goal 
of having renewable sources for hydrogen production in order to address air pollution, climate change 
and dwindling oil and gas supplies. On the other hand, participants raised practical and economic 
difficulties in moving towards a renewables-based transport system and referred to trade-offs, such as 
demand from other sectors (electricity, heat, industry, etc.) and other land use needs (e.g., food 
production). 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. In this respect, some (though not all) participants felt nuclear energy 
and coal with carbon capture and storage (CCS) are part of a ‘sustainable’ hydrogen future.  
 
The economic dimensions of sustainable hydrogen were also discussed. Participants pointed to the need 
for a timely response to international competition in developing hydrogen technologies, and to 
providing good value in relation to alternative technologies in order to attract consumers. The important 
role of the competitiveness of the European industry and new market opportunities is stressed in other 
stakeholder work (e.g., European Commission, 2003; L-B-Systemtechnik, 2006). 
 
The questionnaire results are consistent with the focus group findings in respect of the primacy of 
environmental and economic concerns (see Table1). 
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Table 1. Questionnaire responses: ‘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 
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 research, development and demonstration 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 

 
 
·  Actors and processes involved in a transition to hydrogen transport 
Stakeholders identified the automotive industry and European Commission as well as national 
government as the key influencers in a transition to hydrogen transport within Europe (see Figure 2). 
This emphasis on the role of government indicates the successful introduction of hydrogen in the 
transport sector needs policy support (e.g., public R&D, public-private-partnerships, support schemes 
such as fuel tax reduction, etc.) Additionally, stakeholders see oil companies and the broader energy 
industry as relevant key players. This points to the role of the build-up of a hydrogen infrastructure 
(hydrogen production plants, hydrogen transport and distribution with pipelines or via trucks, and 
filling stations which offer hydrogen) in a hydrogen transition. Previous stakeholder studies similarly 
highlight the importance of policy support and infrastructure development in a hydrogen transition (e.g., 
HyNet, 2004). 
 
It is interesting to note that the public and society are seen as playing a major role by very few (5) 
stakeholders. This perhaps indicates the ‘technology push’, rather than ‘market demand’, nature of 
hydrogen transport technologies. Furthermore, it appears to reinforce the findings, discussed above, that 
stakeholders conceptualise hydrogen technologies in terms of economic and environmental benefits, 
rather than wider societal benefits.  
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Figure 2: Which 3 individuals/organisations/groups are the key players (i.e. influencers) in relation to 
hydrogen transport technology in Europe? 
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Most stakeholders acknowledged that the vision of sustainable hydrogen would take decades to 
materialise and follow a relatively ‘unsustainable’ transition period (of at least 10 years), in which 
hydrogen would likely be produced using fossil fuels and nuclear energy. Subsequently, stakeholders 
felt renewables could be phased in, once vehicle sales had been established and infrastructure had 
started to develop. Furthermore, participants in one of the focus groups suggested the transition period 
would initially feature dual-fuel ICE cars that do not require a dense network of filling stations, with 
fuel cell cars being introduced later. One participant 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. It was also recognised by some participants that agreement about the final 
vision for sustainable hydrogen may itself take time; and that there was a need to keep options open due 
to uncertainties involved in the transition. 
 
Environmental change and societal support were also felt to be important features of the transition 
process. One participant 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. Other 
participants highlighted the need for regulation, institutional and political support to guide change 
during the transition to sustainable hydrogen. This could include raising the costs of current 
unsustainable technology by internalising environmental costs. Public acceptance of hydrogen 
technologies was also seen by many participants as prerequisite for a successful transition. One 
stakeholder argued for a social consensus on hydrogen in order for a hydrogen transition to be realised. 
In this sense, he advocated a more bottom-up approach to complement traditional top-down approaches.  
 
Technological, economic, political and social barriers to a successful transition were also discussed. 
The issue of the viability and sustainability of fuel cells was raised in several groups. In this respect, 
hybrids, plug-in hybrids and hydrogen ICE vehicles were suggested as possible alternative vehicle 
technologies. Economic barriers were also mentioned, including the cost of conversion technologies 
and renewable-produced hydrogen. One group indicated competing technologies, such as hybrids, could 
limit the take-up of hydrogen technologies. Lack of infrastructure was also mentioned by a number of 



MATISSE Working Paper 3 

15 

participants as a possible barrier to a hydrogen transition. In one group, the availability of infrastructure 
was thought to be an important component of public acceptability of hydrogen vehicles. One group 
discussed the political barriers and lock-ins associated with subsidies for freight and car industries, 
which could inhibit a transition to sustainable transport. Resource availability (renewables, fossil fuels, 
platinum for fuel cells) was also seen as a challenge for widespread hydrogen use. One participant 
raised the issue of safety in relation to transporting hydrogen within the car. Finally, rising mobility 
levels and the limits to car use in respect of infrastructure capacity and environmental and social 
impacts were felt to be important constraints for a hydrogen transition. 
 
·  Criteria for sustainable transport and the role of hydrogen transport technologies 
This research found that stakeholders in hydrogen transport do not hold naïve views about the potential 
for hydrogen by itself to meet requirements for sustainability within the transport system (see Table 2). 
That is to say, most stakeholders do not equate hydrogen transport technology with sustainable 
mobility. Stakeholders in our study widely acknowledged that hydrogen technologies are not the sole 
solution to a sustainable road transport system. Rather, hydrogen was seen as providing a possible (and 
for some, partial) technological solution to problems of emissions and energy security, as well as 
offering economic opportunities; but could not address wider mobility problems of, for example, 
congestion or social exclusion.  
 
Stakeholders in our research felt that sustainable transport requires modal shift and reduced demand, 
through more public transport use, congestion charging, teleworking, internalising costs, and societal 
value change. Also other transport technologies - such as biofuel, electric and hybrid vehicles - were 
seen as possible technical solutions for a more sustainable transport system. In contrast, to their 
conceptualisations of sustainable hydrogen, stakeholders raised social, as well as economic and 
environmental, criteria for sustainable transport. Indeed, stakeholders raised many of the aspects of 
sustainable transport considered in the Commission’s (2001) White Paper on the Future Common 
Transport Policy. Other attempts to elicit stakeholder perspectives on the role of hydrogen transport 
technologies within the wider sustainability transport context, similarly highlight a potential role (in the 
medium- to long- term) for these technologies in reducing emissions associated with motorised 
transport, alongside other technological and non-technological measures to tackle rising transport 
demand (see, e.g., Office of Science and Technology, 2005; Syer, 2003; Bristow et al., 2004; Jeon & 
Amekudzi, 2005).  
 
Table 2. Sustainability criteria for transport/energy systems identified by discussion group participants 

 
 

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 
Efficiency  Groups 1, 2, 4, 5 
Low/no congestion  Group 2, 4 
Available infrastructure  Group 2, 3, 4, 5 
Political and industrial support  Group 1, 2, 4 
Public support  Group 1, 2, 3, 4 
Safety  Group 4 
Social inclusion  Group 1 
Personal freedom  Groups 5, 3 

 
Furthermore, stakeholders in our study recognised that current assessments and predictions for 
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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. Thus, there is 
a need for hydrogen technologies to be considered within the wider context of sustainable transport and 
energy systems and for broader societal debate about the implications - both positive and negative - of a 
shift to hydrogen transport technologies (Whitmarsh & Wietschel, 2006; McDowall & Eames, 2006). 
 
In summary, our stakeholder research suggests a potentially important role for hydrogen technologies 
within a sustainable transport system. However, it also highlights a need for integrated policy 
approaches to tackle unsustainable transport by addressing the socio-cultural and structural 
determinants of transport demand, as well as by offering technological solutions. Undoubtedly 
pathways to sustainable transport with both technological and behavioural elements are necessary. This 
was highlighted by stakeholders in our research and is supported by other automotive and policy 
stakeholders (e.g., European Commission 2006; European Commission, 2001a).  
 
 

4 Modelling a hydrogen transition in road transport   
 

4.1 Actors and dynamics of a hydrogen transition in  road transport 
 
Given that hydrogen is viewed as a possible sustainable transport technology, it is important to study 
the conditions under which a transition to a hydrogen based transport system can happen. This will 
require a large scale change in vehicle production. The modelling study that we report here analyses the 
conditions under which the automobile industry switches from (current) internal combustion engine 
technology with fossil fuels to a hydrogen technology. This is not a complete representation of a 
transition within transport, but is a technology transition in the sense of Geels (2005b). Further work 
will expand the modelling to an exploration of culture and power structures in society. 
 
The end-point of the transition described below is one where a majority of road vehicles in Europe runs 
on hydrogen fuel cells. The focus of the model is on the social and economic dynamics of a hydrogen 
transition, rather than on the production and distribution methods (which have been assessed in other 
hydrogen research projects, such as Hyways: see L-B-Systemtechnik, 2006). The transition describes 
socio-technological regime change using a multi-level, multi-phase framework, as described earlier. 
Results from our stakeholder engagement research, and a review of the wider literature, indicate a 
number of key features of each stage and level: 
 
Pre-development phase. Research into fuel cells began in the 1840s but interest in this technology - and 
particularly its potential for transport applications - increased most rapidly during the 1990s (Schaeffer, 
1998). Initially, research and development took place within niches (by amateurs and, later, university 
researchers and small technology firms), but regime players (including gas and oil companies, the 
automotive industry, national governments and the European Commission) have now recognised the 
potential of fuel cell and hydrogen technologies to address landscape pressures, in particular 
diminishing fossil fuel reserves, threats to energy security from import dependence and terrorism, 
foreign competition in the automotive industry, climate change, urban air pollution, and associated 
emissions and efficiency regulation of vehicles (Hoffman, 2001; van den Hoed, 2004). By the turn of 
the century, there was widespread acceptance amongst European governments and the automotive 
sector that hydrogen and fuel cell technologies offer a long-term solution to sustainable automotive 
transport (van den Hoed, 2004). This is a period of intense learning, with expertise shared through 
international public-private collaborations (e.g., EU Hydrogen Platform) and investment in 
demonstration projects (e.g., hydrogen-powered buses within the ‘Clean Urban Technology for Europe’ 
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project) and skills training (European Hydrogen and Fuel Cell Technology Platform, 2005). Public 
awareness of and support for these technology increases as a result of demonstration projects and 
uptake by a small number of media icons (celebrities, political figures, and high-profile retail brands), 
eager to demonstrate their green credentials by adopting hydrogen vehicles. At this stage, there are only 
niche applications of these technologies; since no area-wide hydrogen supply infrastructure exists, 
niches comprise captive fleet vehicles, notably buses, trams, taxis, light-goods delivery vehicles, and 
some specialist vehicles (e.g., forklifts, military). These niches emerge in response to policies 
encouraging low emission vehicles, and because of unique features of fuel cell vehicles (noiseless, 
mobile power source). Fuel cell technologies are also being tested and marketed in other sector niches, 
outside of road transport (e.g., portable electronics, micro-combined heat and power systems). These 
applications help to establish a manufacturing base and production volume, as well as robust supply 
chain for key components (e.g., catalysts and membrane-electrode-assemblies). Economies of scale and 
learning curves drive down fuel cell prices; fuel cell acceptability and familiarity increase amongst 
consumers. Maintenance and distribution networks for fuel cells also develop. Due to increased demand 
existing hydrogen plants are also expanded (see European Commission, 2003; European Hydrogen and 
Fuel Cell Technology Platform, 2005).  
 
Take-off phase. By now, there has been a significant shift in the price-performance ratio of hydrogen 
and fuel cell technologies (cf. Geels, 2005b). Commercial partnerships are formed and smaller 
manufacturers are either bought out by rivals or go out of business, leading to product standardisation, 
technological improvement, and learning effects which reduce vehicle and fuel costs. There is a gradual 
convergence of transport, stationary and portable sectors towards hydrogen as a common fuel for use in 
conjunction with fuel cells, which improves the efficiency and cost-effectiveness of hydrogen storage, 
distribution and supply sub-systems. At the same time, there is increasing pressure on the regime from 
landscape developments. Crucially, strict emissions regulations and subsidies for ‘cleaner’ fuels provide 
more favourable conditions for hydrogen and fuel cell vehicles to enter the mainstream markets and 
compete with conventional petrol- and diesel-powered vehicles. By about 2015, a secondary niche 
market emerges within the private, compact car market, attracting consumers wanting a compact 
(additional) vehicle for urban travel (Adamson, 2003). Hydrogen and natural gas fuel cell vehicles are 
successful in this niche because of their relative fuel efficiency and lower vehicle costs compared to 
conventional cars. The typical consumer is innovative, more educated, and willing to pay an additional 
outlay for an environmentally-friendly and more fuel-efficient vehicle. This secondary niche only 
succeeds because of the development of existing hydrogen distribution networks to provide adequate 
refuelling facilities, necessary for customer acceptance. This is achieved through linking up established 
local hydrogen distribution grids, and increasing centralised production (which is more efficient and 
cost-effective than local production). In turn, fuel providers need to ensure sufficient fuelling station 
utilisation to invest in this new infrastructure. In this sense there is a co-evolution of these two actor 
groups that determines further diffusion. Sales networks and supply chains develop to improve 
production efficiency of hydrogen fuel cells, giving hydrogen a competitive advantage over other 
competing fuel cell technologies. Crucially, there are no hydrogen-related accidents to stigmatise this 
new transport technology (Adamson, 2003). At this stage, new functionalities may also emerge that 
change user (i.e. travel) behaviour and stimulate new markets. In contrast to petrol- and diesel-powered 
vehicles, hydrogen fuel-cell vehicles are marketed as ‘integrated information-mobility-electrical 
platforms’ because they uniquely provide a mobile (as well as clean, green, and quiet) electricity supply 
to power appliances (TV, laptops, heaters, microwaves, etc.). Such new functionalities acquire the 
status of ‘lifestyle attributes’ and change consumer preferences (Kurani et al., 2003; cf. Geels, 2005b).  
 
Acceleration phase. Hydrogen fuel cell vehicles are already well-known in the compact car market, and 
by 2030 are released into the executive class car market since their performance (the key characteristic 
attracting consumers of executive cars) now rivals that of conventional vehicles. By now, the hydrogen 
pipeline grid and hydrogen filling stations are widespread. Infrastructure and fuel subsidies from the EU 
are gradually reduced during this period. Emerging hydrogen and fuel cell technical communities, 
hydrogen infrastructure, and supporting policy, combine to form an alternative road transport regime 
based on hydrogen fuel cell vehicles, and aggressively challenge the old road transport regime. The 
actions of influential innovators and niche markets who adopt hydrogen vehicles early on encourage 
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adoption amongst the more socially susceptible consumer majority (Rogers, 1995). Social norms and 
habitual behaviour (e.g., repeat buying of same-brand or same-model cars) act to positively reinforce 
adoption of hydrogen fuel cell technology. Consequently, the market share of conventional road 
vehicles significantly drops in response to changing consumer preferences, increased competition from 
new manufacturers, and political and environmental (e.g., resource) pressures. The new hydrogen fuel 
cell regime replaces the old petrol and diesel road transport regime, reaching stabilisation by around 
2040.  
 
Based on this narrative of the hydrogen transition, the key dynamic features we include in this model 
are: 

·  Changes in vehicle attractiveness (due to fuel/vehicle price, performance, environmental 
impact, functionality, uptake by peers/icons) 

·  Potential barriers to transition - lack of infrastructure, quotas for conventional vehicles 
·  Potential catalysts of transition - subsidies, infrastructure build-up 
·  Change in social influence/norms which affects vehicle purchase decision 
·  Changing levels of investment in new/old technologies according to policy drivers and 

consumer demand 
·  Changing levels of production of new/old technologies according to policy 

constraints/incentives, component costs, and consumer demand 
 

4.2  A model of technology switching in the automob ile market and 
some results 
 

The model investigates the market dynamics in the automobile purchasing market. There are three 
elements for: producers, consumers and infrastructure, but with infrastructure only incorporated as 
fuelling station density, and policy measures used as exogenous variables. There are two technologies, 
conventional and hydrogen, with different prices and performance. The main policy represented is that 
relative prices can be changed by government subsidies on cars. 
 
Because we wish to model a dynamic process of large scale change, a conventional economic model, 
based on market equilibrium is unsuitable. Instead, we use the dynamic model of technology switching 
for Kondratiev waves reported in Köhler (2003, 2005). Producers’ supply decisions are determined by 
meeting forecast demand, based on past sales, with increasing returns to scale in production. There are 
many consumer agents; consumers have a purchase decision based on the attractiveness function of 
Schwoon (2005).  
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U, utility of the vehicle, is dependent on an index of performance of the technology and the consumers’ 
preference for ‘clean’ vehicles. SN is social need, i.e. the importance to the consumer of what the rest of 
society is doing and �  is the weight placed on personal utility vs. the choices of other consumers. RFE 
is a refuelling index, to reflect the relative availability of refuelling infrastructure for the new 

technology and p is price with own
e a price elasticity parameter.  

 
The producer calculates production capacity and cost and makes decisions on which cars to make and 
how many of them to make. Consumers calculate demand, which then becomes sales and hence output. 
Each consumer calculates attractiveness for all products on the market and chooses the product that 
gives them the highest value of the attractiveness function. Producers then compare capacity to demand 
and calculate extra investment and update capacity.  
 
Results. The first two figures show how with no subsidy, increasing the SN for petrol ICE cars can 
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prevent a transition. The first has SNICE as half the share of ICE cars in the fleet, (implying that the 
social need filled by a mainstream vehicle is only half that of a new technology). The second has SNICE 
as the full share of ICE cars in the fleet. This high SN for ICE cars prevents the transition, creating 
instead a lock-in situation with H cars at 10—15% of the fleet. 

P1 H transition, Feb 20: 
SN (ICE) = 0.5 share(ICE), no subsidy
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P1 H transition, Feb 20: 

SN (ICE) = share(ICE), no subsidy
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The next two runs show how with the higher SNICE a subsidy at the right time can make or break the 
transition. In the third run, a subsidy is introduced between 2020 and 2030. This increases the H fleet 
quickly, but not enough for a transition, and the final lock in is similar to the previous run. Finally, the 
last run has the subsidy from 2040 to 2050, when H cars are already nearly 10% of the fleet. This later 
subsidy is enough to set off the transition. 
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P1 H transition, Feb 20: 
SN (ICE) = share(ICE), subsidy 2020-2030
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P1 H transition, Feb 20: 

SN (ICE) = share(ICE), subsidy 2040-2050
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5 Summary and next steps 
 
In this paper, we have argued that the persistent nature of the problems associated with transport 
indicates a need for a transition to a more sustainable transport system. The stakeholder findings we 
discussed here, and the wider literature, highlight that both technological and wider behavioural 
changes will be necessary to achieve sustainable transport. We have here focussed on the prospects and 
policy implications of a shift away from conventional petrol- and diesel- powered vehicles towards 
hydrogen and fuel cell transport technologies. Stakeholders were largely positive about the potential of 
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this technology to mitigate air pollution and climate change, and to offer economic benefits. 
Stakeholders also highlighted the need for policy support to achieve a hydrogen transition, and our 
modelling results indicate that the timing of policy interventions (e.g., subsidies) can also be crucial. 
The influence of social norms in vehicle purchase decisions and the need for consumer preferences to 
shift away from conventional cars towards hydrogen and fuel cell vehicles are also demonstrated by our 
model results. 
 
Current work is focussed on changing the model described above to an agent based structure. This will 
represent the major network actors involved in transport - the regime based on ICE vehicles and niches 
around sustainable transport visions and technologies. Under favourable conditions the niches can 
grow, challenge the regime and become a new regime - simulating a transition to a sustainable transport 
society. Building on the model presented here, the current work aims to give greater consideration to 
structural and social aspects of a transition, enabling us to explore the constraints on and catalysts for a 
transition. In this sense, the current work broadens the concept of transition beyond the technological 
level to the transport system level.  
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