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Preface

About the MATISSE project

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

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

The extent to which the case studies are carryirtgaocomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAga®do partial implementation of the process.
Equally, different case studies are oriented tceligping and testing tools and approaches to soute, b
not all, of the methodological challenges of ISAeTcase studies are complementary, however, and the
set of cases offers the opportunity to addressda wange of methodological challenges and to e&plor
linkages between cases. An evaluation of practgpkeriences with ISA implementation in the case
studies will provide guidance on the further impment of methods and tools. Results will also
contribute to more informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustainapilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, enuigng, experimenting, and learning through which a
shared interpretation of sustainability for a sfieaontext is developed and applied in an integptat
manner, in order to explore solutions to persisfoblems of unsustainable development. ISA is
conceptualised as a complement to other forms sfamability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Regulmpact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needefoantescreening of incremental sectoral policies that
are developed within the prevailing policy regint®A is conceptualised as a support to longer-term
and more strategic policy processes, where thectgeis to explore persistent problems of
unsustainable development that have a systemiolpgth and possible solutions to these. ISA is
therefore oriented toward supporting the develofroénross-sectoral policies that specifically asdr
sustainable development and at exploring enablatigypregimes and institutional arrangements.

MATISSE Working Papers

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

Jill J&ger and Paul Weaver
Editors of the MATISSE Working Paper Series
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Abstract

Many of the serious persistent problems of unsoghility facing society cannot be adequately
resolved with traditional incremental and sectaggroaches to policy-making. Problems associated
with unsustainable forms and levels of transportekample, include congestion, social exclusion,
public health risks, and climate change. The notibftransitions’ has been proposed as a suitable
analytical framework for understanding these typfgsersistent problems (e.g., Rotmans et al., 2001)
This framework highlights the interdependency atilntions and infrastructures constituting the
transport and related sub-systems, which has creatgous types of lock-in that stifle innovatidn.

this project we aim to critically explore whethbetnotion of transitions can be usefully applied in
policy-relevant research to better understand timepdex nature of social systems and to improve the
tool-kit available for developing and evaluatingtsinability policies.

In this paper, we discuss work that is underwahé&nEU Framework 6 project MATISSE to develop
the science and application of Integrated SustditypAssessment (ISA) in EU policy-making. ISA is
a strategic, multi-disciplinary, inclusive procdéssformulating and assessing sustainability peBciln
particular, we focus on one of the four case studged in the project - transport - and examine the
possibility of a transition to a hydrogen-baseddrtbansport system. There is a strong interest at
European level in a ‘hydrogen economy’, or ‘hydnogeciety’, potentially to provide solutions to
problems of urban air pollution, climate change] threats to energy security, and at the samettime
ensure European competitiveness. However, whikenteesearch has focussed on the technical and
economic aspects of transition pathways to a hyalr@pciety, less attention has been given to the
wider social, institutional and cultural dimensiaisuch a transition.

The research presented here adopts a two-trackagpto assess the sustainability implications and
prospects of a hydrogen transition. Firstly, we stsggeholder engagement methods to elucidate gision
of sustainable transport and assess the role abbggd transport technologies within these visions.
Secondly, building on previous attempts to modeyd@ogen transition (e.g., Schwoon, 2005) and
long-term technological change (Kohler, 2003, 20@k) develop an innovative model of a hydrogen
transition within road transport. We believe thimtegy provides a more integrated and robust
approach to assessing a transition to sustainasisgort than using a single-method approach.ign th
paper, we discuss initial findings from the stakdboand modelling work within the MATISSE

project, and consider their implications for polityaking 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 cugramberway in the EU Framework Six MATISSE
project to model and assess a transition to sustainaeport. The persistent nature of the problems
associated with transport indicates a need for mameal technological and behavioural solutiong W
use concepts from the transitions literature (&5gels, 2005a; Rotmans et al., 2001) to consider th
prospects and policy options for a transition @yst shift) to sustainable transport. The research
presented here adopts a two-track approach to\achies. Firstly, we use stakeholder engagement
methods to elucidate visions of sustainable tramspod assess the role of hydrogen transport
technologies within these visions. Secondly, baoidion previous attempts to model a hydrogen
transition (e.g., Schwoon, 2005) and long-term nedbgical change (Kohler, 2003, 2005), we develop
an innovative model of a hydrogen transition wittead transport. We believe this strategy provales
more integrated and robust approach to assessingnsition to sustainable transport than using a
single-method approach.

In this paper, we discuss initial findings from stakeholder and modelling work within the MATISSE
project. In section 2, the case study of transgodescribed: evidence for the unsustainabilityhef
transport system is reviewed and an argument piexsdor the need for a transition to sustainable
transport. In sections 3 and 4, we give a critiaabessment of the role of hydrogen transport
technologies in achieving a sustainable transpgttré. In section 3, we refer in particular to rgce
findings from a stakeholder engagement exercisk fjdrogen experts. Section 4 describes the first
stage in the development of a tool-kit to suppatision-making with regard to a transition to
sustainable transport. This has involved the deweémt of a hydrogen transition model; initial résul
from this model are discussed here. Finally, saciidncludes a description of the next phase is thi
model development process, which moves beyoncdettieblogical 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 massiveaser since the Industrial Revolution, and
particularly in recent decades (Figure 1). Improtraeshsport has been a core driver - and outconfe - 0
economic and social development, offering new ojpymities and choices as well as quicker and
cheaper journeys. Since approximately 1750, a seafefundamental changes in technology and
therefore in society - the Industrial Revolutiohave characterised socio-economic development. The
economic processes of long term growth and stracegonomic change have been called ‘Kondratiev
waves’ (e.g., Freeman & Louca, 2001; Kohler, 2008)t only do these Kondratiev waves characterise
long term economic development, they also embodngés in economic structures that have major
impacts on the forms of energy use and associateidoeamental impacts. Two of these waves have
had transport as a major feature: thékbndratiev wave of railways, steam engines and; @ual the

4™ Kondratiev wave of motor cars, internal combusgmgines and oil. These waves of growth have
not only had a major impact on society, but haveedo represent both the culture and economic
drivers of the industrialised societies of theimdés. Neither of these previous waves has had

! Methods and Tools for Integrated Sustainabilissdssment (MATISSE). Segww.matisse-project.net
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sustainability as a concern. Therefore, changirgdhlture of transport requires a fundamental gean
in both the culture and society of modern economies

The spatial expansion of business networks andalsoalationships represents a positive feedback on
patterns of mobility: as travel opportunities irese, so does the obligation to travel (Hillman,4)00
Consequently, the spatial pattern of lifestyles adiivities is expanding; experiences and relatigpss
are geographically unconstrained. In Europe, tlubajl distance travelled by all road vehicles has
tripled over the last 30 years; car ownership, grdportion of two-car families, has also
increased (Eurostat, 2005; Exley & Christie, 20@3) a result of the huge demand for mobility, egerg
use in transport is increasing the most rapidlglb$ectors of the economy (Figure 1).

However, growth in transport has been unevenlyidigied across different modes of transport - with
road and air travel rapidly expanding, and rail amatitime sectors stagnating (European Commission,
2001b). The growth in car use is linked to varieasial trends, including economic and technological
development (Hillman, 2004; Poortinga et al., 20BAtey & Christie, 2003; 2002); individualisation
and consumption (Shove, 2003); and awareness adtial and technological risks in everyday life
(e.g., Beck, 1992). Consequently, people travetdoyto feel safe, and through car ownership express
their identity, independence and status (Christenseal., 2005; Kay, 1997; Black et al, 2001).
Furthermore, the car has become a powerful cultisah, evident in art, film, literature, music,
advertising, sexuality, national identity, urbarsidge, architecture and so on (Wollen & Kerr, 2008).
contrast, public transport and cycling often suffem a more negative image, in terms of perceived
comfort, status, convenience and safety (Blackl.et2801; Davies et al., 1997; Exley & Christie,
2003). Social norms and habitual behaviour sentedkrin these preferences and patterns of behaviou
(cf. Bandura, 1997), presenting a significant afdstéo tackling unsustainable transport.

Figure 1. Transport and concomitant emissions hageeased rapidly in recent years

Source: Eurostat, 2005
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These changing mobility patterns have led to agasfgocial, economic, and environmental problems.
These include climate change, acid rain, air polfiytnoise, accidents, congestion, social inegyalit
resource depletion and obesity. In respect of ¢énwnange, transport is the sector with the highest
increase of greenhouse gas emissions in recendegcaising by 24% between 1990 and 2003
(European Environment Agency, 2005). In turn, thigatens human health and ecosystem integrity.
Local air pollution and noise associated with tporsare problems for the increasing proportior#480

of the European population living in urban areastelspect of health, particulate emissions and @zon
are the main problems, contributing to around 300 ®remature deaths in Europe each year (European
Environment Agency, 2006). Up to 80 million Europsasuffer from unacceptable levels of noise,
much of which is caused by traffic-related sounkiisTcan lead to hypertension, myocardial infarction
or sleep disturbance (European Union Road Federdt@04). Road transport also presents other risks
to human health and safety. Although fatality rdtase decreased, road accidents still claim 41,000
lives per year in the EU (European Environment Ager2001) and result in more than 1.7 million
injuries (Eurostat, 2005). Cohen (2005) pointstbat sedentary lifestyles are another consequehce o
increased motorised transport: the rise in ob@si%estern societies has paralleled the rise irusar

Aside from health, there are other social and ectn@osts associated with transport. The impacts of
both local air pollution and global climate changee most likely to affect poorer communities,
exacerbating social and health inequalities (K&37). Furthermore, in some countries, people have t
travel increasing distances to gain this accedsagic services such as shopping, work and education
due to changing spatial patterns (e.g., urban dpaad development of out-of-town centres). Where
social mobility and physical mobility are closedlated, those with restricted access to publicivate
modes of transport find themselves excluded frormymamployment and social opportunities
(Department for Transport, 2000). Due to increasimgg prices, limited reserves of oil and gas, all w
as increased spread of incomes in EU countriesssiue of wide access to affordable transport én th
EU could become an increasingly relevant issudénftiture. The issue of access and social inclusion
particularly affects rural communities and groupihwimpaired mobility, such as the elderly and
disabled (e.g., Guide Dogs, 2004). As European lptipns age, this problem is likely to be
exacerbated. Kay (1997) argues that communityidifeorroded in car-centred cultures, which reduce
opportunities for contact with neighbours, isolatel anonymise drivers, and segregate society lgy rac
income and age (see also European Commission 2001b)

Congestion and land use associated with transpfvestructure are also problems for most European
countries. INFRAS (2004) estimate the deadweigbtds, which reflect the economic costs in relation
to an optimal traffic situation, at 63 billion Eufor EU17 in 2000, and the additional time cost268
billion Euro (3% of GDP). Furthermore, transpoffrastructure is both costly to maintain and takes u
increasing amounts of rural and urban land, lealésg space for other human needs such as housing,
services and recreation, and threatening biodiye(Buropean Environment Agency, 2005; European
Commission 2001b). Other impacts associated wdhsyort infrastructure include soil sealing and
fragmentation of natural, semi-natural and agricaltareas (European Commission 2001b).

Finally, resource depletion and energy security amecerns that are strongly affected by transport.
There are considerable materials and energy usethanconstruction of vehicles and transport
infrastructure. Additionally, transport is an ongimajor driver of energy use. It accounts for more
than one quarter of the world’s and 32% of the Et#mmercial energy use, and these proportions are
increasing. The transport market is today almosiredyp dependent upon oil-based fuels and is
responsible for about 67% of final oil demand ie tBU (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 econgmii#$ policy has historically focussed on
liberalisation and harmonisation of transport tonfoa single trans-European transport network
(Eurostat, 2005). More recently it has incorporagastainability considerations into transport gebc
Mobility is one of the six priority areas of the BUSustainable Development Strategy (European
Commission 2001b). Furthermore, the European Cosioms (2001a)White Paper on the Future
Common Transport Policyhighlights a range of initiatives necessary forklimg problems of
sustainability in the transport sector, includingtering modal shift towards environmentally frignd
modes (rail, inland waterways, short sea shippipgmoting alternative vehicle and fuel technolsgie
improving efficiency; and internalising environmahtosts in transport prices.

However, measures taken so far to influence indalidravel decisions have had little effect relatio

the underlying growth in demand. Indeed, in someesainterventions to reduce demand or foster
modal shift have had the reverse effect (e.g., @aoeét al., 2004). Similarly, the benefit of tectali
measures to reduce vehicle emissions and noisefteas been outstripped by the increase in vehicle
numbers, engine size, travel frequency and trigtle(European Commission, 2001b).

The rising demand for transport, particularly rdeahsport, suggests a need for radical rather than
incremental technological improvements as well rdegrated approaches to reducing demand and
encouraging modal shift. The persistence of theblpros (outlined above) arising from current
transport systems are complex, uncertain and aquisaa number of sectors. Furthermore, they are
structural - deeply rooted in, and reinforced kattgrns of behaviour, technologies, infrastructaed
social institutions (Geels, 2005a). This highlightee need to address the underlying structural
determinants of transport demand in order to reaimore sustainable transport system.

Increasing attention is being given to radical,texysc innovation (or ‘transitions’) as a means of
tackling these types of persistent problems (&kgtmans et al., 2001). The literature on transition
highlights the interdependency of institutions @mfdastructures constituting societal systems au s
systems, which has created various types of lodkdn stifle innovation (Smith et al., 2005). These
societal systems comprise inter-locking economicijad, cultural, infrastructural and regulative sub
systems, which are associated with a range of lsp@aps (Geels, 2005a). The stability and cohesion
of societal systems is established and reinforieamigh cognitive, normative and regulative institng
(Geels, 2005b). These institutions are represeoyethe concept of ‘regime’. A regime then can be
understood as a particular set of ‘dominant prasticules and shared assumptions’ (Rotmans et al,
2001, p.5), which act as a homogenising influenceactors (e.g., van den Hoed & Vergragt, 2004).
Importantly, regimes typically focus on system ppsiation rather than system innovation, because
habits, existing competencies, past investmenulatign, prevailing norms, worldviews and so ort, ac
to lock in patterns of behaviour and result in patdpendencies for technological and social
development (Smith et al., 2005; Geels, 2005b).eRehers have therefore highlighted ‘niches’ -
individual technologies and actors outside or geipl to the regime - as the loci for radical insiben
(Geels, 2005a,b; Rotmans et al., 2001; Smith et2805). The regime may be threatened from the
niche level, or from changes at the broader ‘laadst level of economic, ecological and cultural
trends, or from internal misalignment amongst regiactors (Geels, 2005a). Once a threat is
recognised, regime actors will mobilise resouraesnfwithin the regime, and in some cases from
within niches, to respond to it (Smith et al., 20@eels & Schot, 2005). A transition occurs when a
regime is transformed or replaced. This multi-lex@hcept (niche, regime, landscape) is complemented
by the multi-phase concept. Building on the s-sHafsgmoid) diffusion curve (Rogers, 1995), four
phases of a transition can be identified: pre-dgwekent, take-off, acceleration, and stabilisation
(Rotmans et al.,, 2001; Geels, 2005a). In the pveldpment stage, there is uncoordinated
experimentation at the niche level but no visiblarmge in the status quo. By the take-off stage, a
coordinated network of niche actors forms and a idam concept of the innovation they are
developing emerges; the technology/idea is usedidhe applications and rapidly improves. The
acceleration phase occurs when there is a conveggeinpressures on the regime, which allows the

9
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innovation to diffuse rapidly. As the niche entdre mainstream, it challenges the incumbent regime
and the structure of the system visibly changeasally, in the stabilisation phase, the speed ohgka
decreases and a new dynamic equilibrium is reachee the old regime is replaced.

Two main types of transition have been studiedhénttansition literature:
1. (Socio-)technical transitions - which focus on dfgive technologies and related institutions
(e.g., Geels, 2005a,b)
2. Societal transitions - which focus on broader shiftbehaviour and institutions at the level of
societal functions (e.g., transport, communicati@glthcare) (e.g., Rotmans et al., 2001).

The distinction between these two categories is aiisiolute; indeed, technological transitions do
involve changes in patterns of behaviour and usbihs, and may be part of a broader shift within a
particular societal function. However, the distiant is useful for our research because there are
competing discourses on sustainable transport -es@moussing on technological solutions (the
technological fix) and others on institutional dmehavioural solutions. In both cases, we can cuacei
of these involving a transition, although the bése&nd risks associated with each may be very
different.

The MATISSE case study on transport aims to exaimatle technological and behavioural pathways to
a sustainable transport future. In this paper, eag principally on hydrogen and fuel cell transpor
technologies, as an example of a radical (or disr@ptechnological ‘solution’ to transport problem
(e.g., van den Hoed, 2004). Future work will addresder behavioural changes necessary for a
transition to sustainable transport.

A twin-track approach has been adopted for reseay@nd assessing the prospects and policy options
for a transition to sustainable transport as padrolntegrated Sustainability Assessment (ISAA IS
has been defined as an iterative and participdtmuystage process (scoping, envisioning, assessing
and evaluating), which incorporates environmensaicial and economic aspects of sustainability
(Weaver & Rotmans, 2005).

Firstly, stakeholder perspectives have formed a amymponent of our approach to scoping the
transport problem, envisioning a sustainable traridpture, and assessing alternative pathwaykab t
future. This recognises the value of different stakders’ unique expertise and perspectives in
developing socially- and scientifically-robust sisable transport solutions (cf. Fiorino, 1990)efiéh

is an increasing recognition that policy-making #wstainability demands a more participatory, and
multi-disciplinary approach (Gibson et al., 20085kdo the complexity, ambiguity and subjectivitatth
surround persistent problems of unsustainabilityisTntegrated approach is consistent with theomoti
of ‘Mode 2’ science, which is more inter-discipligasocially-accountable and applied than traddion
scientific models of knowledge production (Gibbetsl, 1994.

Secondly, we are working to improve the tool-kiadable for developing and evaluating sustainapbilit
policies. While there exist various participatorgthiods to support the scoping and envisioning hase
of ISA, there are few methods or tools (e.g., medtiat are able to assess policies in an adeguatel
integrated manner or to support long-term, strategicision-making. There is typically a focus in
policy assessment on economic impacts and methaifsas cost-benefit analysis, with less attention
given to environmental and social impacts or tosiderations of equity or justice (Lee, 2006;
Wilkinson et al., 2004; O'Riordan, 2001). Reseasdthin the MATISSE project addresses the need for
decision-support tools that reflect the complexureabf social systems and allow for the integratbn

a range of disciplines and perspectives. In pddicwour work is focussed on building simulation
models of transitions to sustainability. Our ficsise study is transport, and eventually we ainetalie

to simulate technological and behavioural pathwaysustainable transport futures. As mentioned, we
present here the development of a hydrogen transitiodel as the first stage in this process of ISA
tool development.

10
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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, hydroged fuel cell vehicle technologies have become a
focus of considerable investment by public andgigsector organisations in Europe (see, e.g.dean
Hoed & Vergragt, 2004). The European Commission besn investing in a range of hydrogen
technology research, development and demonstragtimjects in recent years (e.g., HyWays,
HySociety, Zero-Regio, ECTOS, Renewable-H2, CUTHt)thermore, the European Commission has
made the hydrogen economy one of its long-ternrigige for Europe’s energy system. To this end, it
has created a private-public collaboration (knownaa‘technology platform’) to share expertise on
hydrogen and to devise an action plan for creamntegrated hydrogen economy based on renewable
energy sources and nuclear power by the middldisfdentury (European Hydrogen and Fuel Cell
Technology Platform, 2005). The Commission has atgoa target of substituting 20% of traditional
fuels by alternative fuels by 2020, with a totadlggen penetration of 5%. Hydrogen and fuel cell
technologies also contribute to the Commissionssovi of Environmental Technology for Sustainable
Development{European Commission, 2002) which posits that uselean technologies can create
‘win-win’ situations, where economic benefits cap beaped without resulting in environmental
degradation.

This interest in developing and diffusing hydrogerd fuel cell vehicle technologies is based on the
assumption that hydrogen offers effective solutitmdoth emission problems and concerns about
security of energy supply, since hydrogen is anggnearrier that:

is emission-free at final use; and

can be obtained from a variety of different primaoyrces.

Furthermore, fuel cell vehicles contribute to restlicoise pollution since:
the drive system is virtually noiseless.

It is revealing that social benefits are not explic considered alongside the economic and
environmental benefits of this technological ‘smunt. As will be discussed in the following sect&n
there is a potentially significant, but limited,ledfor 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 investigataolthevhich hydrogen and fuel cell vehicles can and
should play in achieving a sustainable transpastesy. In February 2006, MATISSE researchers used
focus groups and questionnaires to elicit expakedtoldersvisionsof sustainabilityin relation to both
hydrogen transport technology and transport; aed thews onviable pathwaysand anybarriers, to
sustainable hydrogen-based transport (for furthetrild see Whitmarsh et al., 2006). In total, 44
stakeholders from across Europe with interests axplertise in hydrogen transport technology
participated in the discussion and the survey (itiolg 21 researchers, 7 from the energy industry, 4
from the automotive industry, 4 from governmentofsultants, 1 NGO and 5 ‘others’). The rationale
for focussing on a more elite sample in assessyagogen and fuel cell technologies and sustainable
transport is that perspectives on novel technotogged to be more coherent and discriminating as
knowledge about the technology increases (Evanaufail, 1995). On the other hand, this group does
not include marginalised societal groups, who mayehdifferent perspectives on transport. Further
research will be conducted to elicit the viewstakeholder groups not represented at the workshop.

11
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Sustainability criteria for hydrogen transport teafiogies
Overall, stakeholders in the discussion groupstpdino the attractiveness of hydrogen in offering
environmental and economic benefits. In particulésey highlighted the potential for hydrogen
technologies to offer emissions reduction, energgpl/ security and economic growth. In these
respects, the views expressed by these stakeholdBest those of previous projects that used
stakeholder perspectives to define a sustainalideoggn economy (see McDowall & Eames, 2006).
They also closely reflect the definition of a siusdhle hydrogen and fuel cell future outlined b th
European Commission’digh Level Group for Hydrogen and Fuel Cell Teclugiés -a stakeholder
group representing the research community, induginblic authorities and end-users (European
Commission, 2003)

In terms of the characteristics of sustainablerbgen, stakeholders in our research felt feedstaoks
the key determinant. Consistent with previous dtalder processes (e.g., Wehnert et al., 2005;
McDowall & Eames, 2006), there was widespread sttpgpaongst all participants for the ultimate goal
of having renewable sources for hydrogen produdtioorder to address air pollution, climate change
and dwindling oil and gas supplies. On the othemndhgarticipants raised practical and economic
difficulties in moving towards a renewables-baseshdport system and referred to trade-offs, such as
demand from other sectors (electricity, heat, itgusetc.) and other land use needs (e.g., food
production). While renewable energy was a widelyotaed, if challenging, end-vision for sustainable
hydrogen, there also seemed to be some agreenasndittersification of supply was an important
feature of future energy systems. In this respate (though not all) participants felt nuclearrgye
and coal with carbon capture and storage (CCanteof a ‘sustainable’ hydrogen future.

The economic dimensions of sustainable hydroge® aksio discussed. Participants pointed to the need
for a timely response to international competition developing hydrogen technologies, and to
providing good value in relation to alternativetteologies in order to attract consumers. The ingmbrt
role of the competitiveness of the European inguatrd new market opportunities is stressed in other
stakeholder work (e.g., European Commission, 2D@3:Systemtechnik, 2006).

The questionnaire results are consistent with deaid group findings in respect of the primacy of
environmental and economic concerns (see Tablel).

12



MATISSE Working Paper 3

Table 1. Questionnaire responses: ‘Which of thiefwhg do you consider to be important
'sustainability’ considerations for the widesprags# of hydrogen in road transport applications?’

Greenhouse gas emissions within EU 38
Investment and infrastructure costs to develop sygstem 33
Local air pollution within EU 33
Energy, resource and technology security/ selfi@eficy within EU 29
Cost of mobility 24
Demand for or diversion of renewable resources fotimer uses within and outside of EU and
indirect consequences 21
General level of economic activity (impact of afmange in mobility level on jobs, taxes,

production, etc. counterbalanced by impact of stimn of new sectors/services) 18
Level of mobility 17
Impact on innovativeness, competitiveness and tdohical 'image’ of EU 15
Water and land pollution within EU 14
Air, water and land pollution outside EU 14
Costs of research, development and demonstratsmtiased with development of hydrogen
transport technologies 13
Level of congestion 9
Nuclear implications (number of reactors, quargiti waste, etc.) within and outside EU 9
Premature capital write-down of existing investnseantd infrastructures associated with change

to new system (as defined by a mobility level ardciinology configuration) 3
Recurrent costs of maintaining new infrastructanee(all and per unit of mobility) I4
Impact on exchange value of € 4
Other 8

Actors and processes involved in a transition tdrbgen transport
Stakeholders identified the automotive industry dbgropean Commission as well as national
government as the key influencers in a transitmhydrogen transport within Europe (see Figure 2).
This emphasis on the role of government indicakes duccessful introduction of hydrogen in the
transport sector needs policy support (e.g., puRED, public-private-partnerships, support schemes
such as fuel tax reduction, etc.) Additionally,kstaolders see oil companies and the broader energy
industry as relevant key players. This points t® tble of the build-up of a hydrogen infrastructure
(hydrogen production plants, hydrogen transport distiibution with pipelines or via trucks, and
filling stations which offer hydrogen) in a hydregéansition. Previous stakeholder studies sinsilarl
highlight the importance of policy support and asftructure development in a hydrogen transition (e.
HyNet, 2004).

It is interesting to note that the public and sgci@e seen as playing a major role by very few (5)
stakeholders. This perhaps indicates the ‘techyofmgsh’, rather than ‘market demand’, nature of
hydrogen transport technologies. Furthermore,peaps to reinforce the findings, discussed abdag, t
stakeholders conceptualise hydrogen technologidserins of economic and environmental benefits,
rather than wider societal benefits.
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Figure 2: Which 3 individuals/organisations/grouge the key players (i.e. influencers) in relation
hydrogen transport technology in Europe?

B Automotive Industry
B European Commission
W Government / Public

authorities
H Oil Industry / Fuel

O E{%Vrgf ﬁd ustry

W Public / Society

M Research / Academia
O Industry

B EU H2 Platform

B Technology Producers

0 Chemical Industry

O Fuel Cell Industry
B Hydrogen Producers

W Other

Most stakeholders acknowledged that the vision udtanable hydrogen would take decades to
materialise and follow a relatively ‘unsustainabieinsition period (of at least 10 years), in which
hydrogen would likely be produced using fossil fuehd nuclear energy. Subsequently, stakeholders
felt renewables could be phased in, once vehidesdaad been established and infrastructure had
started to develop. Furthermore, participants ia ohthe focus groups suggested the transitiorogeri
would initially feature dual-fuel ICE cars that dot require a dense network of filling stationsthwi
fuel cell cars being introduced later. One partaipindicated a role for alternatives to hydrogarch

as synfuels and biofuels, during the transitiongeebefore there is ultimately convergence to esivk
hydrogen use in transport. It was also recognisedadme participants that agreement about the final
vision for sustainable hydrogen may itself takeetimnd that there was a need to keep options agen d
to uncertainties involved in the transition.

Environmental change and societal support were f@kao be important features of the transition
process. One participant suggested that costsrogrtwunsustainable technology are likely to inseea

with rising gas and oil prices; this could suppartransition to alternative fuel technologies. @the
participants highlighted the need for regulatiamstitutional and political support to guide change
during the transition to sustainable hydrogen. Tbauld include raising the costs of current
unsustainable technology by internalising environtak costs. Public acceptance of hydrogen
technologies was also seen by many participantprasequisite for a successful transition. One
stakeholder argued for a social consensus on hgdrisgorder for a hydrogen transition to be redlise

In this sense, he advocated a more bottom-up agiptoacomplement traditional top-down approaches.

Technological, economic, political and social bergito a successful transition were also discussed.
The issue of the viability and sustainability oefcells was raised in several groups. In thiseesp
hybrids, plug-in hybrids and hydrogen ICE vehiclesre suggested as possible alternative vehicle
technologies. Economic barriers were also mentipihedduding the cost of conversion technologies
and renewable-produced hydrogen. One group indicampeting technologies, such as hybrids, could
limit the take-up of hydrogen technologies. Lackirdfastructure was also mentioned by a number of
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participants as a possible barrier to a hydrogemsttion. In one group, the availability of infrastture
was thought to be an important component of puddiceptability of hydrogen vehicles. One group
discussed the political barriers and lock-ins ais¢ed with subsidies for freight and car industries
which could inhibit a transition to sustainablensport. Resource availability (renewables, fossld,
platinum for fuel cells) was also seen as a chgéiefor widespread hydrogen use. One participant
raised the issue of safety in relation to transpgrhydrogen within the car. Finally, rising mobjli
levels and the limits to car use in respect ofasfiructure capacity and environmental and social
impacts were felt to be important constraints fbyerogen transition.

Criteria for sustainable transport and the rolehgfdrogen transport technologies
This research found that stakeholders in hydroggrsport do not hold naive views about the potentia
for hydrogen by itself to meet requirements fortaumability within the transport system (see Tabje
That is to say, most stakeholders do not equateobgd transport technology with sustainable
mobility. Stakeholders in our study widely acknogded that hydrogen technologies are not the sole
solution to a sustainable road transport systerthéRahydrogen was seen as providing a possibl (an
for some, partial) technological solution to prabte of emissions and energy security, as well as
offering economic opportunities; but could not addr wider mobility problems of, for example,
congestion or social exclusion.

Stakeholders in our research felt that sustainttblesport requires modal shift and reduced demand,
through more public transport use, congestion d¢hgrdeleworking, internalising costs, and societal
value change. Also other transport technologiesch sas biofuel, electric and hybrid vehicles - were
seen as possible technical solutions for a mor¢aisable transport system. In contrast, to their
conceptualisations of sustainable hydrogen, stdélet® raised social, as well as economic and
environmental, criteria for sustainable transpbrtieed, stakeholders raised many of the aspects of
sustainable transport considered in tbemmission’s (2001White Paper on the Future Common
Transport Policy Other attempts to elicit stakeholder perspectimeghe role of hydrogen transport
technologies within the wider sustainability trangontext, similarly highlight a potential role ¢he
medium- to long- term) for these technologies idu@ng emissions associated with motorised
transport, alongside other technological and nehsielogical measures to tackle rising transport
demand (see, e.g., Office of Science and Technpl@@5; Syer, 2003; Bristow et al., 2004; Jeon &
Amekudzi, 2005).

Table 2. Sustainability criteria for transport/emggrsystems identified by discussion group partitipa

Renewable (inexhaustible supply) All groups
Low/zero emissions - particulates and GHGs Grays

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,}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 recognidet turrent assessments and predictions for
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hydrogen transport technology do not consider wdrefbrms or levels of mobility are sustainable.
Rather, this suggests that research has focussedetiods of hydrogen production and supply in
determining assessments of ‘sustainability’. Howewecognising the limits to car ownership and use
in respect of infrastructure capacity and environtakand social impacts is important for investment
and policy decisions in relation to supporting omenercialising hydrogen technologies. Thus, there i
a need for hydrogen technologies to be considerttnvithe wider context of sustainable transpod an
energy systems and for broader societal debate #imimplications - both positive and negativeé ao
shift to hydrogen transport technologies (Whitma&sWietschel, 2006; McDowall & Eames, 2006).

In summary, our stakeholder research suggestsemtiaily important role for hydrogen technologies
within a sustainable transport system. Howeveralgo highlights a need for integrated policy
approaches to tackle unsustainable transport byreasidg the socio-cultural and structural
determinants of transport demand, as well as byrioff technological solutions. Undoubtedly
pathways to sustainable transport with both tedgioal and behavioural elements are necessary. This
was highlighted by stakeholders in our research iansupported by other automotive and policy
stakeholders (e.g., European Commission 2006; Earoommission, 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 susbténtransport technology, it is important to study
the conditions under which a transition to a hyérodpased transport system can happen. This will
require a large scale change in vehicle produclitve. modelling study that we report here analykes t
conditions under which the automobile industry shés from (current) internal combustion engine
technology with fossil fuels to a hydrogen techggloThis is not a complete representation of a
transition within transport, but is a technologgnsition in the sense of Geels (2005b). Furthetkwor
will expand the modelling to an exploration of cué and power structures in society.

The end-point of the transition described belowris where anajority of road vehicles in Europe runs
on hydrogen fuel cells. The focus of the modelnigtoe social and economic dynamics of a hydrogen
transition, rather than on the production and thistron methods (which have been assessed in other
hydrogen research projects, such as Hyways: seeSisBemtechnik, 2006). The transition describes
socio-technological regime change using a mult&lewmulti-phase framework, as described earlier.
Results from our stakeholder engagement reseancthaareview of the wider literature, indicate a
number of key features of each stage and level:

Pre-development phasResearch into fuel cells began in the 1840s betast in this technology - and
particularly its potential for transport applicat- increased most rapidly during the 1990s (Stdrae
1998). Initially, research and development toolcelaithin niches (by amateurs and, later, universit
researchers and small technology firms), but regnegers (including gas and oil companies, the
automotive industry, national governments and theopean Commission) have now recognised the
potential of fuel cell and hydrogen technologies a@ddress landscape pressures, in particular
diminishing fossil fuel reserves, threats to enesggurity from import dependence and terrorism,
foreign competition in the automotive industry,nddite change, urban air pollution, and associated
emissions and efficiency regulation of vehicles ffhhan, 2001; van den Hoed, 2004). By the turn of
the century, there was widespread acceptance am&ugepean governments and the automotive
sector that hydrogen and fuel cell technologiegro#f long-term solution to sustainable automotive
transport (van den Hoed, 2004). This is a periodntgnse learning, with expertise shared through
international public-private collaborations (e.ggU Hydrogen Platform) and investment in
demonstration projects (e.g., hydrogen-poweredswithin the ‘Clean Urban Technology for Europe’
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project) and skills training (European Hydrogen angel Cell Technology Platform, 2005). Public
awareness of and support for these technology asese as a result of demonstration projects and
uptake by a small number of media icons (celelstifpmlitical figures, and high-profile retail bramd
eager to demonstrate their green credentials bytexdphydrogen vehicles. At this stage, there ag o
niche applications of these technologies; sincearea-wide hydrogen supply infrastructure exists,
niches comprise captive fleet vehicles, notablyeBusrams, taxis, light-goods delivery vehicles] an
some specialist vehicles (e.g., forklifts, militaryThese niches emerge in response to policies
encouraging low emission vehicles, and becausenmfue features of fuel cell vehicles (noiseless,
mobile power source). Fuel cell technologies ase aking tested and marketed in other sector niches
outside of road transport (e.g., portable elect®nimicro-combined heat and power systems). These
applications help to establish a manufacturing masg production volume, as well as robust supply
chain for key components (e.g., catalysts and man@electrode-assemblies). Economies of scale and
learning curves drive down fuel cell prices; fuellacceptability and familiarity increase amongst
consumers. Maintenance and distribution networkéu@ cells also develop. Due to increased demand
existing hydrogen plants are also expanded (seepean Commission, 2003; European Hydrogen and
Fuel Cell Technology Platform, 2005).

Take-off phaseBy now, there has been a significant shift in thiegaperformance ratio of hydrogen
and fuel cell technologies (cf. Geels, 2005b). Camumal partnerships are formed and smaller
manufacturers are either bought out by rivals oogbof business, leading to product standardisatio
technological improvement, and learning effectsawhieduce vehicle and fuel costs. There is a gtadua
convergence of transport, stationary and portadxtéoss towards hydrogen as a common fuel for use in
conjunction with fuel cells, which improves theiefncy and cost-effectiveness of hydrogen storage,
distribution and supply sub-systems. At the same tithere is increasing pressure on the regime from
landscape developments. Crucially, strict emissiegslations and subsidies for ‘cleaner’ fuels jmev
more favourable conditions for hydrogen and fudl eehicles to enter the mainstream markets and
compete with conventional petrol- and diesel-powevehicles. By about 2015, a secondary niche
market emerges within the privatepmpact car marketattracting consumers wanting a compact
(additional) vehicle for urban travel (Adamson, 2pHydrogen and natural gas fuel cell vehicles are
successful in this niche because of their relativd efficiency and lower vehicle costs compared to
conventional cars. The typical consumer is innagatmore educated, and willing to pay an additional
outlay for an environmentally-friendly and more Ifeéficient vehicle. This secondary niche only
succeeds because of the development of existingpbgd distribution networks to provide adequate
refuelling facilities, necessary for customer at¢agpe. This is achieved through linking up estabelis
local hydrogen distribution grids, and increasimgtcalised production (which is more efficient and
cost-effective than local production). In turn, lfgeoviders need to ensure sufficient fuelling istat
utilisation to invest in this new infrastructure. this sense there iscm-evolutionof these two actor
groups that determines further diffusion. Saleswodts and supply chains develop to improve
production efficiency of hydrogen fuel cells, gigirhydrogen a competitive advantage over other
competing fuel cell technologie€rucially, there are no hydrogen-related accidémtstigmatise this
new transport technology (Adamson, 2003). At thiége, new functionalities may also emerge that
change user (i.e. travel) behaviour and stimulaig markets. In contrast to petrol- and diesel-peder
vehicles, hydrogen fuel-cell vehicles are markessl ‘integrated information-mobility-electrical
platforms’ because they uniquely providenabile (as well as clean, green, and quiet) electriaifypsy

to power appliances (TV, laptops, heaters, micr@sawetc.). Such new functionalities acquire the
status of ‘lifestyle attributes’ and change consupreferences (Kurani et al., 2003; cf. Geels, )05

Acceleration phasedydrogen fuel cell vehicles are already well-knowrthe compact car market, and
by 2030 are released into trecutive class canarket since their performance (the key charastteri
attracting consumers of executive cars) now ritlas of conventional vehicles. By now, the hydrogen
pipeline grid and hydrogen filling stations are esgread. Infrastructure and fuel subsidies fronttte
are gradually reduced during this peridtinerging hydrogen and fuel cell technical commaesiti
hydrogen infrastructure, and supporting policy, bora to form an alternative road transport regime
based on hydrogen fuel cell vehicles, and aggrelysichallenge the old road transport regime. The
actions of influential innovators and niche market® adopt hydrogen vehicles early on encourage
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adoption amongst the more socially susceptible wores majority (Rogers, 1995). Social norms and
habitual behaviour (e.g., repeat buying of samedbrar same-model cars) act to positively reinforce
adoption of hydrogen fuel cell technology. Conseiglye the market share of conventional road
vehicles significantly drops in response to chaggiansumer preferences, increased competition from
new manufacturers, and political and environme(da., resource) pressures. The new hydrogen fuel
cell regime replaces the old petrol and diesel noadsport regime, reachirgiabilisationby around
2040.

Based on this narrative of the hydrogen transittba, key dynamic features we include in this model
are:
Changes in vehicle attractiveness (due to fuelblehprice, performance, environmental
impact, functionality, uptake by peers/icons)
Potential barriers to transition - lack of infrastiure, quotas for conventional vehicles
Potential catalysts of transition - subsidies,asfructure build-up
Change in social influence/norms which affects glehpurchase decision
Changing levels of investment in new/old technasgiaccording to policy drivers and
consumer demand
Changing levels of production of new/old technobsgi according to policy
constraints/incentives, component costs, and coasdemand

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

The model investigates the market dynamics in tieraobile purchasing market. There are three
elements for: producers, consumers and infrastreictout with infrastructure only incorporated as
fuelling station density, and policy measures use@xogenous variables. There are two technologies,
conventional and hydrogen, with different prices @erformance. The main policy represented is that
relative prices can be changed by government sigigsich cars.

Because we wish to model a dynamic process of Iscgke change, a conventional economic model,
based on market equilibrium is unsuitable. Inste@aluse the dynamic model of technology switching
for Kondratiev waves reported in Kohler (2003, 200%oducers’ supply decisions are determined by
meeting forecast demand, based on past salesingiasing returns to scale in production. Theee ar
many consumer agents; consumers have a purchasgoddeased on the attractiveness function of
Schwoon (2005).

attractiveness(c ;) = [p(e)+a- b )S':I (c,)RFE(, ) »
p(C|,j) o !

U, utility of the vehicle, is dependent on an inaddxperformance of the technology and the consumers
preference for ‘clean’ vehicles. SN is social néed,the importance to the consumer of what teeak
society is doing and is the weight placed on personal utility vs. theices of other consumers. RFE
is a refuelling index, to reflect the relative dahility of refuelling infrastructure for the new

technology and p is price wi ¢ a price elasticity parameter.

The producer calculates production capacity antl @od makes decisions on which cars to make and
how many of them to make. Consumers calculate ddmalnich then becomes sales and hence output.
Each consumer calculates attractiveness for aiymts on the market and chooses the product that
gives them the highest value of the attractivefiwsstion. Producers then compare capacity to demand
and calculate extra investment and update capacity.

Results.The first two figures show how with no subsidy, reesing the SN for petrol ICE cars can
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prevent a transition. The first has §Nas half the share of ICE cars in the fleet, (imqgythat the
social need filled by a mainstream vehicle is drdjf that of a new technology). The second hagSN
as the full share of ICE cars in the fleet. ThighhEN for ICE cars prevents the transition, creatin
instead a lock-in situation with H cars at 10—15Pthe fleet.
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The next two runs show how with the higher,&MN subsidy at the right time can make or break the
transition. In the third run, a subsidy is introdddetween 2020 and 2030. This increases the H flee
quickly, but not enough for a transition, and thmalflock in is similar to the previous run. Finalthe

last run has the subsidy from 2040 to 2050, wheratd are already nearly 10% of the fleet. Thig late
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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5 Summary and next steps

In this paper, we have argued that the persistatur@ of the problems associated with transport
indicates a need for a transition to a more suabdéntransport system. The stakeholder findings we
discussed here, and the wider literature, highlidgizsit both technological and wider behavioural
changes will be necessary to achieve sustainaegort. We have here focussed on the prospects and
policy implications of a shift away from conventanpetrol- and diesel- powered vehicles towards
hydrogen and fuel cell transport technologies. &talders were largely positive about the potemtal
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this technology to mitigate air pollution and climachange, and to offer economic benefits.
Stakeholders also highlighted the need for poliggp®rt to achieve a hydrogen transition, and our
modelling results indicate that the timing of pglinterventions (e.g., subsidies) can also be atuci
The influence of social norms in vehicle purchaseigions and the need for consumer preferences to
shift away from conventional cars towards hydroged fuel cell vehicles are also demonstrated by our
model results.

Current work is focussed on changing the modelrileeset above to an agent based structure. This will
represent the major network actors involved ingpamt - the regime based on ICE vehicles and niches
around sustainable transport visions and technegodinder favourable conditions the niches can
grow, challenge the regime and become a new regsmaulating a transition to a sustainable transpor
society. Building on the model presented here,ctimeent work aims to give greater consideration to
structural and social aspects of a transition, kmglos to explore the constraints on and catalffgsta
transition. In this sense, the current work broadire concept of transition beyond the technoldgica
level to the transport system level.
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