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Chapter 3 Technology Development Management Tools 

Chapter 3 investigates the process by which new technologies reach maturity with a 

view to developing an effective innovation management strategy for fuel cell vehicles. 

The chapter introduces the approach of Strategic Niche Management (SNM) and 

provides an example of its application. Following a discussion of the strengths and 

weaknesses of the approach, SNM is extended by the addition of quantitative measures 

to form Quantitative Strategic Niche Management (QSNM). The measures used are 

provided by the LEAF2 model which, applied in the context of QSNM, forms the 

methodology used in the remainder of the thesis. As a prelude to this discussion, certain 

key concepts are first defined. 

3.1 Models of Technology Development 

The concept of technology incorporates more than just the technical hardware 

associated with an engineering solution. As important are the social elements that 

comprise the technological system, which enable a technology to operate and perform. 

This 'software' includes individual expertise, cultural knowledge, institutional learning 

and organisational structures which together support technological hardware. In the 

field of transport, knowledge is embodied within transport users, operators, vehicle 

manufacturers, government agencies and relevant transport non-government agencies.  

The human element of technology is more clearly revealed if technology is defined 

in relation to its function: technology enables humans to accomplish tasks that would 

otherwise not be possible (Grübler 1992), technology is seen as knowledge and means 

to transform materials, energy and information (Ayres 1994). The motor vehicle would 

be of no use if it were not for systems that support vehicle research and development, 

manufacture, maintenance and driver training. Furthermore, there are implicit cultural 

expectations that enable the road network to operate (e.g. driving on the left in the UK) 
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without which even the most perfect road machine would be useless. The role of 

expectations will be discussed in more detail l ater in this Chapter. 

An extension of the concept of technology is the technological regime. This 

encompasses the complete set of socio-techno-economic forces that support the 

technology and its infrastructure. The regime includes technological and social 

networks and is located within the prevaili ng cultural and economic environment. Given 

its fundamental nature, the regime is li kely to support a number of interrelated 

technologies by providing a common ground that acts to the advantage of all . For 

example, the existing road transportation system is supported and shaped by the 

dominant vehicle design, which includes steel construction, the internal combustion 

engine, and the use of fossil fuels. The technologies employed by road transport are 

consistent with those used by other sectors within the regime (e.g. use of fossil  fuel). 

Regimes can be defined at several levels. At the highest level, the description of the 

regime gives rise to a definition of an era. For example, western history has witnessed 

the age of steam and the fossil fuel age and more recently the nuclear age. If projections 

turn out to be true, we are about to embark on the solar age and, if hydrogen replaces 

carbon as the main energy carrier, the hydrogen economy. By their very nature, at their 

peak, regimes are self-sustaining. This is because, once the over-riding technologies, 

systems and associated infrastructures (technical and organisational) are in place, they 

are mutually supportive and constitute a stable whole.  For example, fossil fuels and the 

internal combustion engine are used within most sectors (including transport) in 

industrialised countries for proving energy and motive power. The effect is that scale 

eff iciencies are more easily realised through the use of shared sub-systems and 

knowledge supporting the dominant technology. However, as we shall see later, this 
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means that new technologies and systems often find it very diff icult to gain acceptance 

within the existing regime, especially if they challenge the status quo. 

3.1.1 Theor ies of Technology Development 

 "A new idea is the essence of growth" (Einstein) 

Invention and Creativity  

A technological invention is the ©discovery© of a new technological solution that enables 

tasks and/or transformations of the world to be accomplished. Although the process of 

invention can be assisted by technology itself,49 invention is in essence a human activity 

and is therefore synonymous with the process of creativity, the process by which ideas 

have their origin. 

Although there is much debate about the creative process, it has been established 

that it can occur in one of two ways. The first is deductive whereby a large set of data 

and/or ideas is used on which to test a hypothesis. Patterns within the data may 

themselves suggest which theory is most worthy of consideration. Through this 

conscious process, new insight can be gained and knowledge increased. The second 

creative path (common to the sciences and the arts) is for an idea, solution or vision to 

arise spontaneously in the human mind. In Freudian terms, an idea arises from the 

unconscious and is made known to the conscious part of the mind. Very often the 

©solution© is fully formed and requires analysis by the individual to comprehend the true 

significance of the idea.  

However, invoking the unconscious this does not explain the mechanism for this 

mode of insight. Indeed, Bohm has gone so far as saying, "[spontaneous] creativity 

is…something that is impossible to define in words" (Bohm 1998). Although creativity 

can be influenced by external factors, the ©creative moment© is unpredictable. If this were 
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not so, then invention could be controlled, predicted and produced on demand. There 

are a number of famous examples that ill ustrate the importance of the unconscious in 

the creative process. As described by Sinnott: 

"A famous instance is the way in which one of Henri Poincaré's (1924) insights 

into mathematics came to him. He had been struggling for days with the problem 

of functions, to no conclusion. One night after drinking black coffee and being 

unable to sleep, ideas arose in his mind, he says, in crowds, colli ding, sometimes 

interlocking, and finally making some stable combinations from which he 

discovered the existence of Fuchsian functions. Shortly afterward, while on a 

geological excursion and with no thought of mathematics in his head, as he put 

his foot on one step of an omnibus the idea flashed into his mind that the 

transformations he had used were identical with those of non-Euclidian 

geometry…" (Sinnott 1959). 

Poincaré©s experience as recounted by Sinnott ill ustrates Koestler©s Bisociation 

Theory of creativity that takes the view that all acts of creation involve the mental 

conjunction of two, previously separate, ideas (Koestler1964) (in this case the dynamic 

patterns formed by moving groups of people applied to function theory). In consciously 

pondering a problem (and if the mental circumstances are favourable), the unconscious 

will consider a myriad of possible solutions, each involving new conjunctions of 

existing ideas. By rejecting most combinations but recognising the significance of 

others, "order… is… distinguished from randomness" (Sinnott 1959) and a solution may 

be found. Koestler©s approach also helps to understand why it is rarely the case that 

invention is an isolated activity. The exchange of new ideas and inventions through 

social intercourse often accelerates innovation. Thus the establishment of towns, cities 

                                                                                                                                               
49 An example is the use of computers in engineering. 
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and centres of learning have triggered periods of intense technological change. An 

example of this interplay of shared ideas and techniques is the development of the semi-

conductor and the increase in the speed of information processing, a technology which 

has stimulated almost all branches of science. 

From a larger perspective, fundamental li nks exist between science, technology and 

wider society. Though new ideas cannot be produced on demand, their occurrence can 

be promoted through the provision of f inancial support from business and government. 

This requires politi cal will and a supportive economic and cultural environment. These 

issues are mutually supportive (a good scientific/industrial base can be beneficial for the 

economy). In understanding technological creatively we need to acknowledge the 

"interrelationship between the social and economic context and technological change 

and the importance of interactions among networks of social actors in the development 

and improvement of technological solutions" (Weaver et al. 2000). 

The Innovation Process 

Innovation is the term given to the process of technological improvement. This can 

either be radical (Schumpeterian) or incremental (Usherian). 

Schumpeterian innovation refers to the development of an entirely new 

technological solution (the word ©technology© is used here in its widest sense), which 

represents an approach unrelated to pre-existing technological development. Within an 

economic context, Schumpeter termed this process of revolutionary change as creative 

destruction (Schumpeter 1942). It could be argued that all new discoveries have their 

antecedents, and this is always true to some extent given the way all i nvention is 

socially embedded and is influenced by external events. However, it is still possible to 

identify certain technological breakthroughs that have used new approaches to solve 

seemingly intractable problems. 
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Examples of Schumpeterian innovation can be seen in the development of the 

computer. The principle of mechanical computation described (though not 

demonstrated) by Babbage was itself a radical approach to computation, replacing as it 

did the use of logarithms and tables. The use of electronic valves in the 20th century 

gave a second ©quantum leap©, enabling the construction of a non-mechanical computer. 

Yet another radical change followed the development of semi-conductors and the p-n 

junction. Once the principle of a transistor switch had been demonstrated in the 

laboratory, they very quickly revolutionised the construction for the mass-market of 

compact, eff icient and low-cost logic circuits and heralded the modern personal 

computer. 

The effects of a radical innovation are felt far beyond the technological sphere. The 

introduction of a new technology "fundamentally changes the relationships between 

economic inputs and outputs or the nature of the constraints under which the 

relationship between economic inputs and outputs can evolve" (Grübler 1998). Using 

the personal computer as an example, the semi-conductor gave rise to wholly new 

industrial bases including ©sili con valley© in Cali fornia. In the 1980s and 90s, the 

economies of the Far East were significantly strengthened by the emergence of ©high-

tech© electronic products which were exported worldwide. 

In contrast to radical change, Usherian innovation proceeds via a number of gradual 

improvements. Technologies can be refined and optimised through minor modification 

and testing. This can either be at the pre-market phase through the use of company R&D 

programmes, or it can be through users© feedback once the product is on the open 

market. The latter option can generate a large amount of useful information for 

developers but requires the product already be at the commercial stage (an intermediate 

and controlled approach to this dilemma is the use of pre-launch focus groups). 
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Examples of Usherian innovation can be seen in the development of most of the 

products and inventions that are in daily use. The recent development of the current 

state-of-the-art computer is a case in point. The first generation of home computers were 

relatively slow and had only small amounts of memory. However, although the basic 

technological principles have remained the same, the computing power and capacity has 

significantly improved by several orders of magnitude. 

Another phenomenon associated with Usherian innovation is that as the product 

improves, market share increases, so enabling a reduction in unit cost due to eff iciencies 

of scale. This is certainly noticeable for personal computers. In 1999, a typical ©Pentium 

II© cost around £1,600 whereas in 2001, the same machine retailed at around £600. The 

same is true for most products. One study looked at the effect of volume on costs of 

over 100 technologies. This found that for a doubling of cumulative output, costs 

reduced by 10-25% (Argote and Epple 1990). 

The concept of technological regime helps to explain why most change is 

incremental rather than radical. The developments that are most successful within an 

existing regime are those that assist regime optimisation rather than regime 

transformation or fragmentation. From a systems approach, the regime is self-sustaining 

and permits change that is to its own advantage but inhibits change that might threaten 

the status quo and which would imply a new set of interrelated technologies and socio-

economic networks. This explains why new viable technologies find it so diff icult to 

reach the market even when they are well suited to performance requirements.  

Innovation within the Regime 

Technological development is limited by two factors. Firstly there are the theoretical 

limits, which it is impossible to exceed (according to the known science at the time). In 

the real world, there also exist context-dependent limits that are more constraining than 
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the maximum theoretical limit . These arise due to a number of factors including the 

quality of materials available, design trade-offs and organisational constraints (e.g. cost 

of materials) that are required for a particular application of the technology in question.  

One example of a theoretical constraint is the Betz limit , which states that, for any 

wind energy device, the maximum fraction of the power that can be extracted from a 

moving air mass and converted to other forms is 59.3% (Boyle 1996, BWEA 2002). No 

wind turbine can exceed this limit . In practice, most commercial fixed pitch turbines 

(around 600-800 kW size) achieve around 20% eff iciency with extra losses occurring 

within the mechanical transmission and generator. Eff iciencies are improving with the 

introduction of variable pitch machines, though only where external factors such as 

improved electricity purchase agreements are in place (i.e. in situations where context-

dependent constraints have been reduced). 

It is interesting to note that the innovation process does not always proceed towards 

an optimum solution. In some cases, technological solutions which were developed to 

solve one set of context-dependent constraints preclude further development once those 

constraints have reduced or disappeared; the so-called ©lock-in©. An example of this is 

the development of the ©qwerty© keyboard, which was developed for early typewriters as 

a way to avoid the type-hammers becoming entangled. The development of new types 

of typewriter (e.g. ©golf-ball©) and the word-processor has removed the original 

mechanical problem. However, in the intervening time, the ©qwerty© keyboard has 

become the industry standard and is established in use. Its use has become embedded 

within the user network (and is expected). Though more ergonomic keyboards have 

been developed, they are effectively ©locked-out© by user and organisational inertia. 

As already indicated, there are strong links between Schumpeterian and Usherian 

innovation. Indeed, they can be considered cyclical; "phases of incremental 
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improvement are punctuated with short periods of radical innovation" (Weaver et al. 

2000). This is because a radical breakthrough is normally followed by a period of 

incremental improvement.50  

Technology Diffusion 

Technology diffusion is the process whereby markets adopt a new technology over 

time. There are two forms; pure diffusion where the new technology performs a new 

function and replacement diffusion where a new product or process replaces an existing 

technology to perform the same task. 

Typically a new technology (in the widest sense with social dimensions as well as 

technical hardware aspects) is invented to perform a new task or increase the eff iciency 

with which an existing task is accomplished. If recognised as having good market 

potential, the technology will be demonstrated, promoted and may be taken up by initial 

markets.51 This may be within a market niche, a limited market for which the new 

product/process is particularly suited. At this initial stage of diffusion, volume 

production remains small and costs are therefore correspondingly high. For this reason, 

market niches most often occur where the inhibitory effect of a price premium is less 

important52.  

Once a new technology has been launched, the speed of improvement usually 

follows a typical trajectory that has been observed for a large range of disparate 

technologies. This pattern of incremental change follows an ©S©-shaped curve, with a 

slow initial improvement while volume sales are low, followed by an acceleration in 

                                                 
50 Patterns of innovation can be modelled mathematically using the concept of a Lorentzian attractor.  
These deterministic and dynamic systems exhibit relatively long periods centred around an ©attractor©, and 
shift to new centres of activity at intermittent (and unpredictable) intervals. 
51 Many new inventions take decades or longer to even reach this stage. Although Grove developed the 
fuel cell i n 1879, it is only now being considered for large-scale use in automotive and power generation 
applications in the early 21st century. 



 112  

development when the market expands and the simplest modifications are made. The 

diffusion then continues with a linear phase as the product matures and eventually levels 

out as a technical or context-dependent limit i s approached.  

The typical time for a new technology to expand from 1% to 50% market share has 

been studied by Marchetti and Nakicenovic (1979). Although this is technology-

dependent, "in the case of road and rail transportation systems, these periods are 

typically of the order of 55-65 years. This finding is important as it points to the long 

lead-times needed when preparing for technological change, which are significant when 

wanting to use technology to reduce environmental burden" (Weaver et al. 2000). 

Figure 3.1 : ‘ S’ shaped dispersion curve 

 

The Role of Users 

Empirical research by Rogers points to the importance of users (organisational and/or 

individuals) within the diffusion process (Rogers 1971). Rather than merely acting as 

passive recipients of new products or services, the perceptions, beliefs and behaviour of 

users strongly determines the success or otherwise of an innovation. Indeed, if surveyed 

at an early stage, user feedback can be used as an invaluable tool to facil itate the 

                                                                                                                                               
52 Many of the first renewable energy systems have been installed on islands and remote communities 
where a grid connection is unavailable. As the existing options were themselves relatively expensive 
(importing fuels), the price differential of renewables was less of a disincentive to installation. 
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diffusion process. One example of the importance of user acceptance can be seen in the 

marketing of cleaner fuelled vehicles described by the candidate who writes: 

"To date, there has been littl e attempt to ascertain the public’s knowledge-base 

regarding these new vehicle technologies. If CFVs [cleaner fuelled vehicles] are 

to succeed in the wider marketplace, promoters will need to have at least a 

rudimentary idea of how these new technologies will be received. Policy makers 

too, will be greatly assisted in their efforts to introduce CFVs if the current level 

of general knowledge and understanding of the technologies employed is fully 

appreciated¼ Ascertaining users’ understanding of the environmental impact of 

road transport will help predict how potential consumers will i nterpret new 

information concerning new vehicle types and how this may affect patterns of 

consumer behaviour"  (Lane 2000b).  

By studying the history of a large number of technologies, Rogers distinguished 

five categories of adopters who were involved in successive stages of the diffusion 

process (Rogers 1971). The first individual users of a new technology are referred to as 

innovators. These are individuals who are either willi ng to pay premium prices, 

purchase the product/service for business use or are in a position where they have above 

average need of the new technology. They are not representative of the market as a 

whole and are uniquely motivated. Typically, they make up around 2.5% of the 

population. The next section of the population (around 13.5%) is the early adopters, 

who like the innovators are willi ng to pay over the odds for a new product/service. 

Unlike the innovators, they are more representative of the population as a whole but are 

characterised by their high earning potential, status, education and influence. The next 

two groups are the early and late majority who each represent around a third of the 

population. The early majority will assess the pros and cons of the new technology for 
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some time before appropriating it for their own needs. The late majority will only do so 

once they are forced to by either economic necessity and/or increasing social pressure to 

do so. Finally, the laggards (16%) will adopt the technology. However, they may be 

suspicious about the nature of the advantages offered and may continue to question the 

suitabilit y of the technology for their needs. By the time they have accepted it (if they 

eventually do), the new technology may itself have been superseded by another 

innovation. 

Niche Competition 

As we have seen, a technological regime is a system in dynamic equili brium. It stabilit y 

arises from the interrelations of a large number of technologies which share 

components, energy transformations and infrastructures. This mutually supportive 

network can be termed a technology cluster. For example, there is a multitude of 

devices that utili se the semi-conductor for digital processing. Any new innovation using 

this technology is immediately supported by (and strengthens) the existing digital 

regime. Therefore, the concept of a cluster explains both the stabilit y of the existing 

regime, and why some innovative technologies are discouraged from development.  

An understanding of the diffusion of new technologies can only be achieved 

through consideration of the interaction of technologies within the existing regime. 

These technologies may either be in competition or may be mutually supportive. In the 

latter case, a cluster of new related technologies may evolve, to the extent that the effect 

of their combined introduction is stronger than their effect in isolation. This is especially 

the case when a regime is in transformation as a regime shift may only be possible 

through the synergy of a number of technology transitions that reinforce each other to 

gain enough of a foothold to challenge the existing regime. 
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Often, it is the case that a number of alternative technological approaches challenge 

the existing regime simultaneously. This has the effect of weakening their impact and it 

is to the advantage of the status quo. This can be seen very clearly within the transport 

sector where, as shown in Chapter 2, several cleaner fuels and vehicles technologies are 

simultaneously seeking to gain a market niche. While some of these are synergistic 

(those designs which share similar electric drive trains), many are in direct competition 

with each other, as well as with the existing fossil fuel/internal combustion engine 

regime. The interactions and competition between three types of electric vehicle shall be 

discussed in Chapter 5. 

As we shall see in later sections, an effective technology implementation strategy 

needs to take into account the constructive and destructive interference between parallel 

developments of new technologies. Indeed, as noted by Weaver: 

"Schumpeter linked the periods of rapid growth and restructuring to the 

introduction of clusters of synergistic innovations, which were, in their turn, 

responses to the redirection of creative efforts away from old solutions where 

diminishing returns had already set in and toward the discovery of new solutions 

and the creation of new markets" (Weaver et al. 2000). 

3.1.2 Conventional Models of Innovation 

A number of models have been developed for use in understanding the innovation 

process with a view to supporting the emergence of new products and services. Over 

time these models have been extended and refined to account for all the factors and 

stakeholders involved in the complex process of bringing a new innovation to the 

market. Retrospectively, these models have been categorised according to their level of 

complexity. 



 116  

Early linear models, such as the first generation Technology Push model, identified 

the following stages as the key phases of the innovation process: basic science, research 

and development, design, engineering, manufacturing, marketing and sales. In essence it 

assumed that the innovation process followed the chronological progression of a 

product/service from idea, through manufacture to delivery. The defining feature of this 

model (and its weakness) is that the user/consumer is a passive recipient of the output. 

In only a very few cases (the most simple and unchallenging) is this model accurate in 

charting the innovation path. 

As we have argued earlier, market reaction (anticipated or otherwise) is very 

important in product development and a successful marketing strategy often depends on 

closely monitoring user acceptance (which may be diff icult to quantify for radical 

innovations). In response to the deficit of Technology Push, the second generation 

Market Pull  model includes and integrates user opinion within product development. In 

a single feedback loop, this approach assumes that market needs drive innovation 

development, which, through the manufacturing process, generates product sales. As its 

name implies, Market Pull i s initiated by a demand or a need, either for a new service or 

for increased eff iciency in delivering an existing service. For example, the almost 

insatiable human need to communicate has assisted the development of the mobile 

phone in spite of the existence of a comprehensive landline network.  

In reality, both Technology Push and Market Pull forces are active drivers of 

technology development, the importance of each depending on the particular 

innovation. Technology Push tends to be the prevalent model in cases where a new 

approach delivers a service that was not previously envisaged. (One example is menu 

operated computer software that was famously rejected by IBM and which was later 

used to define Apple computer products; an approach now adopted by almost all 



 117  

popular programmes.) The innovation pattern of many products may be initially 

dominated by Technology Push (e.g. the development of the internet for military 

applications) and then driven by market demand once a new need becomes widespread 

(e.g. the exponential growth of internet use for e-mail communications). 

One element not represented within these linear models of innovation is the 

constant interchange of ideas and demands between the product development teams and 

the marketplace. Indeed, some new ideas may originate from users, which are then 

refined by product designers.  Furthermore, creative ideas can occur at any point in the 

production process and well -managed companies capitalise on these wherever possible. 

In combining these non-linear innovation paths, we arrive at a third generation model, 

one that more accurately reflects the complexity of the real innovation process. This 

includes push-pull combinations, sequential and feedback loops, R&D involvement and 

marketing in an endless iterative innovation process.  

Figure 3.2 : Third generation innovation model (reproduced from OU text for  T302) 
 

 

 

 

 

 

 

 

 

It is possible to develop these models further to more fully represent the processes 

at work in the real world. This is achieved by including strategies employed and 

exploited by most large corporations. In fourth generation models, the feedback loops 

linking the production process with the marketplace are expanded and extended to 

include integrated development teams, the involvement of leading-edge/early adopters 

 



 118  

and the formation of corporate partnerships. As we shall see in later sections, 

commercial partnerships provide an essential strategy in promoting new technologies 

that are unsupported and resisted by the dominant regime. 

The Next Generation 

The objective of developing an accurate model of innovation is to know how best to 

support innovation processes that will result in the introduction of more sustainable 

technologies (in this case sustainable modes of transport). At the corporate level, the 

models of innovation previously discussed can usefully be used in analysing existing 

strategies. However, they are not suff icient in themselves to direct the design of new 

promotion strategies. For example, though we may wish to use an approach which 

employs an element of the Technology Push model, the model gives us no indication 

which technologies are most worthy of support. More problematically, it may never be 

possible to know which technology to push!  Furthermore, we cannot rely on the market 

to demand products that have yet to exist.  

To make matters worse for the strategist, technological solutions which radically 

reduce the environmental burden are likely to require a modification of the current fossil 

fuel ICE regime. This is beyond the resources of any one country or company due to the 

scale of the transformation required. If a regime change is to be attempted (in the long-

term), the scope will have to be comprehensive and is li kely to include aspects that are 

outside the boundaries of the innovation processes discussed previously. For example, 

though there are proven vehicle technologies that can deliver environmental benefits 

and there is at least some demand for cleaner vehicles, the process required to transform 

the existing regime will require (at the very least) regulatory and politi cal support. This 

involvement is not dependent on the innovation process as discussed: rather it shapes its 

development. 
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This suggests that, if we are to successfully manage innovation, we should move 

the focus of the strategy from the most appropriate technological solution (which may 

remain unknowable) and focus instead on supporting the innovation process. As stated 

by Weaver, "The role of government should be to try to influence technological and 

development trajectories indirectly, by facilit ating innovation in respect to the 

innovation process itself, rather than picking ©winners© " (Weaver et al. 2000). This 

argument implies the need of a new approach to technology management; one that 

includes not only the stakeholders in the market economy (producers and consumers), 

but also the decision makers (politi cians, government agencies, standardisation bodies, 

NGOs, etc.). Furthermore, we require an innovation tool that assists with strategy design 

in a way that goes beyond the models already introduced. The new approach needs to 

have the following characteristics: 

·  Be open ended (does not prescribe the most appropriate technological solution); 

·  Develop selection criteria against which competing solutions can be compared; 

·  Involve partnerships beyond corporate boundaries (users, policy makers, etc.). 

We therefore arrive at what is essentially a systems approach to innovation, one that 

is process rather than content orientated. Management in this context involves 

supporting innovation itself (rather than a particular product) and developing a selection 

process that promotes the most appropriate solutions. In this way, we achieve the 

objectives of stimulating (rather than favouring) new technologies, delivering the ©best© 

solutions (according to agreed criteria)53 to the marketplace and engaging a social 

network suff icient to support long-term technology change. 

Constructive Technology Assessment 

                                                 
53 For the purpose of this thesis, ©best© means the ©most sustainable© as defined in Chapter 1. 
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The technology management approach that is advocated by this thesis is drawn from 

ideas developed by Constructive Technology Assessment (CTA). This is an analytical 

tool developed in the 1980s within the Dutch government and first publicised through 

the Netherlands Organisation of Technology Assessment (NOTA) (Schot and Rip 

1996). CTA was a response to the institutional separation of technology-promotion from 

regulatory control in that country. It aimed to address this issue through the integration 

of all stakeholders within the technology design process. The objective was to develop 

"realistic strategies for managing technology in society¼[which] consider impacts 

already during the development of the technology, involve users and other impacted 

communities and contain an element of social learning in how to co-produce technology 

and its impacts" (Rip, Misa and Schot 1995).  

Part of the CTA approach is to strengthen opportunities for second-order learning 

to occur. This is defined as the process of “clarifying values and ways of relating values 

to each other" within the partnership network surrounding the new technology (Schot 

and Rip 1996). This extends the more usual first-order learning that concentrates on the 

achievement of the original goals. To promote second-order learning, CTA advocates 

widening the discussion to include more partners than are usually considered as part of 

the design process. The approach focuses "explicitl y on the implications for broadening 

the processes of technological development, on opportunities for societal learning, and 

new ways to manage technology in society" (Rip, Misa and Schot 1995). In addition, 

CTA extends the remit of the technology impact assessment. It achieves this by forming 

an integrated technology development analysis, which includes issues usually 

considered outside the boundaries of the innovation process. These include 

environmental impacts, user attitudes, market acceptance, social learning, regulatory 

issues and stakeholder expectations. In this way, a more realistic model is developed, 
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one that accurately accounts for the supportive and inhibiting forces affecting 

technology development.  

According to Schot and Rip, CTA can be implemented through the use of three 

inter-related strategies. These are technology forcing, stimulation of alignment and 

strategic niche management (Schot and Rip 1996). Technology forcing is the inverse of 

technology push, whereby the performance of a technology is specified, rather than the 

technology itself. "In technology forcing by regulation, desired impacts are stipulated; 

for example, levels of pollutants in motor car exhaust gases¼".  The challenge is for 

technologies to satisfy these prescribed requirements. A significant example of this was 

the 1998 Cali fornia Sales Mandate, which stipulated that 2% of all vehicles sold in the 

State had to be zero-emission vehicles (ZEVs). While the regulation was well 

motivated, it did not succeed in stimulating a technology that could deliver ZEV at 

reasonable cost to the consumer. In this regard, the forcing failed.54  This ill ustrates the 

general problem with technology forcing, namely, “how can a government anticipate 

what are the realistic requirements on technology yet to be developed?” (Schot and Rip 

1996). 

The stimulation of alignment proposed by Schot and Rip focuses on strengthening 

institutional li nkages in order that second-order learning is more likely to occur. In this 

regard, the approach extends the process of marketing already employed by more 

enlightened companies in product development. “Test labs and trial have become an 

accepted activity of the technology developers, rather than sending new products out 

into the selection environment immediately”  (Schot and Rip 1996). Within the UK 

automotive sector, such an institutional forum has been set up to investigate the 

                                                 
54 However, it should be noted that the Mandate was successful in stimulating the level of R&D into 
zero-emission (and low-emission) vehicles, including both battery, fuel cell and hybrid electric vehicles. 
To some extent it also accelerated their commercialisation. In relation to fuel cell vehicles, this point will 
be developed in Chapter 4. 
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potential of cleaner vehicle technologies. This is the Cleaner Vehicle Task Force 

established by New Labour in 1997 (DTI 2000). (Some of the findings reported in this 

thesis are based upon research conducted by the candidate for the Report of the 

Alternative Fuels Group of the Cleaner Vehicle Task Force.) 

While these two strategies (technology forcing and stimulation of alignment) are 

constructive, they do not in themselves form a comprehensive management tool. They 

succeed in avoiding the technology push approach and promote widening the decision 

process in the development of new technologies, but they do not address the issues of 

technology support mechanisms (i.e. subsidies), nor do they smooth the transition from 

product trial to product sale. For these reasons, Schot and Rip introduce the third 

strategy, the innovation management tool strategic niche management (SNM).  

Strategic niche management accepts that, in order to become established, new 

technologies often require some protection from market forces. They require ªa safe 

niche in an otherwise too harsh selection environment” (Schot and Rip 1996). To 

achieve this, SNM introduces the use of protected spaces or technological niches, 

within which new technologies can be tested and in which second-order learning can 

occur. Within the niche, it employs the use of performance led criteria with which to 

assess technologies (avoiding technology push). It also aims to build effective 

partnership networks in order to avoid the faili ngs of the performance led (forcing) 

approach. Furthermore, to avoid the danger of over protection that can lead to 

ªexpensive failures” , the SNM strategy includes the staged phase out of protection 

measures over time. In these regards, strategic niche management is a comprehensive 

technology management tool, one that will now be discussed in further detail . 
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3.1.3 Strategic Niche Management Theory 

Several research groups have focused their efforts on new technologies and approaches to 

innovation management applied to the road transport sector. One particular programme 

was established to develop and test the new management tool Strategic Niche 

Management (SNM). In 1996, researchers from around Europe55 embarked upon a 

major collaboration entitled, Strategic Niche Management as a Tool for Transition to a 

Sustainable Transportation System Project (1996-1998). The project was supported by 

the European Commission (DG XII) within the area ©Human Dimensions of 

Environmental Change©; part of the RTD Programme ©Environment and Climate©. The 

focus of the study was to investigate measures to overcome the under-utili sation of 

more sustainable transport technologies (Hoogma 1999). 

Although guided by the research team, the programme involved interactive learning 

between researchers and practitioners in the transport sector (forming a Europe-wide 

research network). The international team of researchers had backgrounds which ranged 

from academia to industry, from natural sciences and engineering to economics and 

social sciences. Working closely together, the network developed the theoretical 

approach (SNM) and applied the tool to thirteen cases of actual alternative mobilit y 

experiments. These case studies were then used to test and refine the theoretical 

framework and to investigate its utilit y as a tool for supporting the introduction of new 

transport concepts. One of the final products of the project was a guidebook on the 

management of new innovations. The Workbook for Strategic Niche Management was 

                                                 
55 Including: Dr. Johan Schot and Remco Hoogma (Project Coordinators), University of Twente, The 
Netherlands; Dr. René Kemp, Maastricht University, The Netherlands; Dr. Kanehira Maruo, University of 
Gothenburg, Sweden; Dr. Birgitta Schwartz, Department of the Environment, Sweden; Dr. Gerhard 
Pratorius and Dr. Karl-Heinz Lehrach, reson (Regional Development Agency for Southeast Lower 
Saxony), Germany; Dr. Bernhard Truffer and Sylvia Harms, Swiss Federal Institute for Environmental 
Science, Switzerland; Dr. Stephen Potter, Ben Lane & Colin Black, The Open University, United 
Kingdom; Benoit Simon, CIRED, France; Dr. Per Sorup and Dr. Matthias Weber, Institute for 
Prospective Technological Studies, Sevill e, Spain. 
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co-authored by Weber, Hoogma, Lane and Schot (Weber et al. 1999). The criteria for 

inclusion of a case-study within the SNM project was that it demonstrate one of: 

·  Passenger and/or freight transport innovations. 

·  New transport technologies (fuel, vehicle, infrastructure, telematics). 

·  Existing transport technologies used in a novel way (new applications). 

The transport innovations could be either still i n the R&D phase or those ready for 

market introduction. The 13 cases studies included: 

·  Stimulating the Market for Light Weight Electric Vehicles: The experience of the 
Swiss Mendrisio project. 

·  The Emergence of a Nation-wide Car-sharing Co-operative in Switzerland. 

·  Introduction of Automated Zone Access Control in Bologna, Italy. 

·  Towards Autonomous Rail road Trucks: Rail freight transport innovation in 
Southeast Lower Saxony, Germany. 

·  Promoting Electric Vehicles in the United Kingdom: A study of the Coventry 
Electric Vehicle Project, UK. 

·  Greening Transport for Disabled People: A study of Camden Community 
Transport’s ‘ASTI’ project, UK. 

·  MOVE-INFOREGIO: Implementation of a road traff ic information project in the 
Hanover region of Germany. 

·  Operation of Electric Road Vehicles in Germany: Investigation of selected 
examples, Germany. 

·  Trucks on Trains: A comparison of two ‘Rolli ng Highway’ experiments in Sweden. 

·  An Outsider Initiative in the Emerging EV Market: The PIVCO adventures in 
Norway and Cali fornia. 

·  Praxitèle: An experiment with self-service rented electric vehicles in France. 

·  The La Rochelle Experiment with Electric Vehicles, France. 

·  The Bikeabout Experience: An automated smart-card operated bike pool scheme, 
UK. 

The Strategic Niche Management Approach 

The following sections will provide a detailed description of Strategic Niche 

Management. However, the central concepts are first defined. These are as follows: 

Technological Regime - "The whole complex of scientifi c knowledges, engineering 

practices, production process technologies, product characteristics, skill and 
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procedures and institutions and infrastructures that make up the totality of a 

technology" (Weber et al 1999). 

Experiment - synonymous with demonstration projects. However, the word 

©experiment© is used due to the association with the laboratory where a high degree of 

learning is conducted and expected. Demonstrations often preclude learning and may 

only be aimed at convincing others of the usefulness of a new solution. 

Learning - the aims of an experiment go beyond those of a demonstration in that 

they are seeking to learn from mistakes and successes in addition to solely persuading 

others of the viabilit y of the new technology. An experiment in the fullest sense will 

encourage learning at all l evels from manufacturer and users to government and 

international agencies. 

Protected Space - At the experimental phase, market forces governed by the 

existing regime are unable to support the new technology. This is the case whether or 

not the innovation eventually succeeds in the market. Therefore artificial support 

mechanisms are required; these form the protected space. Protection may be provided 

through a variety of means including financial support, time investment and regulatory 

pressure (e.g. EU regulated emissions legislation). An essential part of the SNM 

approach is the strategic phase-out of the protection measures in order that market 

selection can occur. 

Technological Niche - a protected space within the existing macro-economic 

framework where a new technology can be tested and demonstrated as a viable 

alternative to the dominant technology of the existing regime. Within this niche, the 

technology demonstration forms part of an experiment which is developed to increase 

its chances of realising market potential once the protection factors have been removed 
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(Kemp, Schot and Hoogma 1998). A technological niche is characterised by the 

technology under development, a partner (actor) network and a specific application. 

Market Niche - a proto-market within which the new technology is un-protected by 

artificial support measures and is commercially viable. However, the market is limited 

and the innovation can only survive commercially within a specialised market or 

application.  

Regime Shift - a successful proli feration of technological niches and market niches 

results in the transformation of the existing regime. For example, for the transport 

sector: a shift in the dominant transport technologies (technical and social aspects) and a 

change in mobilit y patterns (modal shift, change in demand).  

Strategic Niche Management has been defined as: 

 "the orchestration of the development and introduction of new technologies 

through setting up a series of experimental settings (niches) in which actors learn 

about the design, user needs, cultural and politi cal acceptabilit y, and other 

aspects" (Schot and Rip 1996).  

It has also been defined as: 

 "the creation, development and controlled break down of test beds (experiments, 

demonstration projects) for promising new technologies with the aim of learning 

about the desirabilit y (for example in terms of sustainabilit y) and enhancing the 

rate of diffusion of the new technology" (Kemp, Schot and Hoogma 1998).  

Strategic Niche Management is therefore a deliberate attempt to make the co-

production of technological options, use, policy measures and sustainable development 

visible and productive. It aims to help actors negotiate and explore various 

interpretations of the usefulness and conditions of application of technological options. 
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Thus, SNM highlights choices and options with a view to making the introduction 

process transparent. In this way, all parties (including producers, users and policy-

makers) are involved and can contribute to the diffusion process. As explained in the 

Workbook: 

"The development of the SNM perspective can be perceived as an attempt to ¼ 

[develop] a practical approach, on how to start early diffusion processes leading 

to greater integration of new technologies and their economic, social and 

environmental context. This is in line with discussion on the European 

Commission©s Fifth Framework Program with its emphasis on citizens© needs, and 

a better exploitation of R&D outputs by means of demonstration projects and 

technology transfer activities" (Weber et al. 1999).  

Strategic Niche Management is therefore a new innovation tool and analytical 

model. It extends ideas within the innovation models by including analysis of non-

technical aspects such as environmental impacts, user attitudes, market acceptance, 

social learning, regulatory framework and government policy. Applied to transport, it 

aims to encourage technological innovations (in the widest sense) that can assist the 

transition to a sustainable transport system without itself identifying the most 

appropriate solution. Instead, the selection process is itself part of the strategic tool, the 

approach taking its lead from natural selection and the theory of evolution: i.e. the 

survival of the ©best© products in a free market environment. 
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The Role of the Technological Niche in SNM 

In SNM, the technological niche is characterised by: (a) a technology under 

development, (b) a specific application and (c) a specific network of partners. In this 

way the niche is defined in terms of its technical aspects, its utili sation and its social 

support system. This approach is in accordance with the definition of technology in its 

widest sense (as discussed at the start of section 3.1) including both material and social 

elements. Throughout SNM, we shall use these three dimensions to define and 

characterise the role of the niche and the experiment in technology innovation. 

The technological niche delineates the protected space that defines the new 

innovation in its totality. Individuals, business, organisations, government agencies and 

others who have a vested interest in promoting the technology provide artificial support. 

In this way the niche is stabili sed and protected from the ravages of the open market. 

From an SNM perspective, the protected enclave enables learning to occur at all l evels 

(technical testing, market surveys, assessment of current legislation, etc.). This can 

occur at the individual, corporate, governmental or international level. Lessons derived 

from this phase will be invaluable if the technology is to survive outside the niche.  

It is important to note that the boundaries of the niche are not characterised solely 

by the geographical locations of the experiments, or even the experiments themselves. 

Rather the niche is defined by the total knowledge base and the acquired skill s of all the 

partners involved in developing the technology with a view to commercialisation. This 

would include the physical experiments themselves but also the extended human 

networks that have been formed, without which the experiments would not be possible. 

Of particular importance to SNM is the phasing out of protection. Indeed, the 

essence of this management tool is that a support (including exit) strategy is planned 

from an early stage so that incentives are introduced, maintained and then removed in a 
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premeditated manner. This is designed to ensure that all technological solutions are 

given a fair chance for learning to occur, but that ultimately they have to compete within 

the marketplace if they are either to find a permanent market niche, or are to challenge 

the existing regime. 

The Role of Experiments in SNM 

A technological niche is comprised of one or more experiments. As with a niche, each 

experiment will have defining characteristics that include (a) a technology under 

development, (b) a specific application and (c) a specific network of partners. The 

experiments are the actual projects (see list of case-studies above for examples) in 

which new technologies are supported, tested and in which learning can occur.  

More often than not, several interrelated experiments will comprise a technological 

niche. As is shown in the next section with the battery electric vehicle niche, similar 

experiments are often conducted in parallel in different countries. These can be 

considered as new learning opportunities (and therefore separate experiments) as they 

occur within different regulatory environments, are supported by unique social networks 

(with varying expectations), or may be testing different technological variants (e.g. the 

use of Ni-Cd as opposed to lead-acid traction batteries). Figure 3.3 ill ustrates the 

relationship between experiment, niche and regime. 

Figure 3.3 : Relationship of experiment, technological niche and regime within SNM 
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Experiments may give rise to testing programmes in which a series of experiments 

is developed, each focusing on a different aspect of learning. Other testing programmes 

may also affect experimental outcomes so that their learning interferes with each other. 

Through this complex interchange of specific lessons and ideas, general principles may 

become apparent which, hopefully, lead to a consensus for a particular technology. 

Hence expectations regarding new solutions can emerge, thereby strengthening the case 

for or against a new innovation. Therefore, SNM can be seen as a tool that endeavours 

to assist in building technological niches for new innovations (to enhance second-order 

learning) through smart experimentation.  

The Effect On The Existing Regime 

According to SNM, the innovation process begins with a small number of experiments 

in which learning occurs. If expectations are maintained or rise, further experiments 

may follow. Taken together these experiments define the technological niche, which is 

able to exist through external support. The learning experience may show that there are 

market niches in which the innovation can survive in the marketplace. If these are 

exploited and the protection measures are strategically removed, technological niches 

give way to market niches. If the product is successful in several market niches, they 

may expand and merge. The product will have achieved its commercial goal. Other 

outcomes are that the product remains only within a market niche, or the innovation will 

continue to require protection indefinitely. Alternatively, the niche diminishes over time 

and the innovation fails.  

If the market niches expand and/or merge and begin to compete with the dominant 

technology within the existing regime, a regime shift may be possible. However, as 

noted within the SNM Workbook: 
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"Such a broad change cannot be brought about by niche development only, let 

alone SNM. If it takes place, it will be the result of a combination of successful 

SNM, niche development and a set of other factors such as exhaustion of 

perceived technological opportunities within the dominant regime, a dramatic 

change in energy prices and government policies and the emergence of a new set 

of values which incorporate sustainabilit y. SNM is a crucial aspect of this 

complex process. Above all , it sets in motion a transition path that will help 

sustainable transport technologies hit the road" (Weber et al. 1999). 

Strategic Issues within SNM 

As mentioned above, SNM operates (as an analytical and management tool) on three 

levels; the experiment, the technological niche and the technological regime. Each of 

these levels is characterised by (a) a technology, (b) a specific application and (c) a 

specific network of partners. For example, in the case of a back-to-back LPG/diesel bus 

trial, the LPG internal combustion engine bus would define the technology, and the 

network would be the companies and public bodies who are supporting the experiment. 

This would take place within the existing regime, which is characterised by diesel ICE 

technology with a different constellation of companies and fuel suppliers. In this case, 

both the experiment and the regime would have the application in common, which is the 

public transport sector. 

However, though the defining parameters may be the same, the strategic issues 

within each level are very different (see Table 3.1). The issues regarding the experiment 

are primarily concerned with successful experimental design (good partner network, 

planning, publicity, etc.). Issues surrounding the technological niche are more focused 

on learning, expectations, and competition with other technologies. Within the regime, 

the dominant issues concern the environment in which the niche is located. These are of 
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barriers to the technology, policy and regulation, market niche development and the 

possibilit y of a regime shift. Therefore, a full analysis of an innovation will span the 

three levels (experiment to regime) and include a discussion of all the above issues. In 

this way, SNM can account for most of the significant driving and inhibiting forces that 

are at work throughout the innovation process. The discussion of these key issues charts 

the progress of the innovation from initial concept, to experiment, to niche, to market 

and beyond. 

Table 3.1 : Strategic issues within the experiment, technological niche and regime 
SNM Defining Dimensions Strategic Issues 

Experiment 
·  Application 
·  Technology 
·  Support Network 

·  Experiment Expectations 
·  Specific Learning 
·  Experiment Design 
·  Experiment Support 
·  Experiment Evaluation 

Technological 
Niche 

·  Application 
·  Technology 
·  Support Network 

·  Evolution of Expectations 
·  Generic Learning 
·  Niche Protection 
·  Niche Development 
·  Niche Competition 

Existing Regime 
·  Application 
·  Technology 
·  Support Network 

·  Market Barriers 
·  Market Niche Development 
·  Market Acceptance 
·  Policy and Regulation 
·  Effect on Existing Regime 

 

Retrospective and Prospective use of SNM 

The analytical framework provided by strategic niche management can be used in one 

of two ways: 

·  As a retrospective analytical tool. 

·  As a prospective management tool. 

SNM is useful as an analytical tool in understanding the historical developmental 

path(s) of an existing innovation that has already succeeded in achieving a regime shift 

or has found a market niche. Alternatively, it can provide insights as to why an 

innovation failed either due to its own shortcomings or the strength of the existing 



 133  

regime. It is through the analysis of previous cases that SNM has been developed and 

modified to explain the developmental paths of previous technologies. 

Based on its success as a method of analysis, SNM can also provide a powerful 

management tool with which to design promotions strategies for new innovations that 

have yet to reach the experimental or technological niche stage. Successful 

consideration of the strategic issues can guide experimental design and assist niche 

formation. Moreover, if there are a number of technological niches competing for 

ascendancy within the existing regime, SNM can assist with managing competing 

solutions. This it does by strategically enforcing, maintaining and removing protection 

measures. Introduction of protection has the effect of enabling all technological niches 

to generate suff icient learning, while its removal acts to select the strongest innovations 

most likely to successfully challenge the dominant regime. 

3.1.4 Application of Strategic Niche Management 

To ill ustrate the potential of strategic niche management, the following section uses 

SNM to analyse an existing transport niche. The case study chosen for analysis is the 

Coventry Electric Vehicle Project, which, in conjunction with other battery electric 

vehicle (BEV) projects, aimed to promote the commercialisation of BEVs within the 

British transport sector.  

This section draws on original research which was conducted while the candidate 

was registered for a PhD. Modified extracts are taken from Promoting Electric Vehicles 

in the United Kingdom: A study of the Coventry Electric Vehicle Project, UK by the 

candidate (Lane 1998a). 

The Coventry Electric Vehicle Project (CEVP) Experiment 

The Coventry Electric Vehicle Project (CEVP) utili sed 14 Peugeot ©106 Electric© cars 

and vans over the period 1997-1998. These replaced existing petrol and diesel vehicles 
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and were used by five organisations in the Midlands region of the UK. The vehicles 

used were Peugeot 106 Electrics (see Figure 3.4), which utili sed Ni-Cd battery 

technology and DC Leroy Somer (20kW) motors. These were identical in specifications 

and performance to the vehicles used within a previous BEV experiment at La Rochelle 

in France, except that the vehicles had been converted to right-hand drive.  

Figure 3.4 : Peugeot 106 Electr ic car  

 

The six partners who co-operated in the scheme were the Energy Saving Trust, 

Peugeot Motor Company PLC, Coventry City Council , East Midlands Electricity PLC, 

Royal Mail Midlands and PowerGen PLC. With the exception of the Energy Saving 

Trust, the partners each used up to three vehicles (Peugeot 106E cars and vans) to 

service their daily transport needs, replacing conventional vehicle use. The partnership 

network extended well beyond the boundaries of the Project itself (see Figure 3.5). This 

high degree of connectedness with other projects and decision-making agencies 

supported the project a great deal and was an important factor in its success. 

Peugeot and Coventry City Council had been discussing the idea for a Coventry 

electric vehicle project since the early 1990s. Peugeot were still l ooking to emulate the 

French experiment at La Rochelle in 1994. Prior to the CEVP, the partners had visited 

Brussels to seek funding on at least one occasion for the project, possibly being funded 

by the EU Thermie scheme. Applications for Thermie funding in 1993 and again in 

1995 had failed largely due to a lack of the partners© experience with obtaining grants 
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from the EU. Initial plans for a Coventry experiment included the possibilit y for a ©self-

service© style experiment whereby a fleet of 50 vehicles could be rented on a short-term 

basis; very much like the Liselec project in La Rochelle, France. Due to financial 

constraints, subsequent project designs became less technically ambitious, the final 

proposal involving a fleet demonstration of existing Peugeot 106 Electric vehicles. 

In early 1996, Jonathan Murray of the UK Government©s Energy Saving Trust 

approached Peugeot and Coventry City Council proposing to assist with funding, 

knowing of their long standing wish to demonstrate a BEV fleet. At the time, the Trust 

was seeking potential pilot schemes for the then proposed PowerShift programme and 

needed a portfolio of projects for ministerial approval. Subsequently, CEVP did indeed 

become one of the pilot projects within PowerShift, final approval being granted by the 

Department of Transport in September 1996. The CEVP was announced at the annual 

Birmingham International Motor Show, the cars being delivered in January 1997. 

Figure 3.5 : CEVP par tner network (as of 1998) 
 

 

 

 

 

 

 

 

 

The final project cost around £400,000, which was part-funded by the Energy 

Saving Trust (set up to assist in reducing the UK©s energy use and greenhouse gas 
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emissions). As one of the pilot schemes, the 14 BEVs within the Coventry project were 

leased to the partners for the price of a conventional diesel version. The project 

monitored the extent to which BEVs can reduce urban air pollution by recording overall 

energy consumption and the project users considered the on-road costs of the 106E in 

real operating conditions. This information was then disseminated by the CEVP and by 

the PowerShift programme (EST 1996). 

The overall aim of the CEVP network was to: 

 "bring together a wide range of partners interested in promoting the role that the 

modern electric vehicle [could] play in improving the environment in the United 

Kingdom". The partners believed that "the time [was] right to seriously begin the 

process of introducing zero pollution vehicles into the UK urban environment, in 

a demonstration project which [was expected to]  attract major attention and 

awareness of their benefits" (Lane 1998a).  

According to the managing director Richard Parham, the CEVP was able to "test 

whether electric vehicles [had] a role to play in practical business use". Noel Bureau of 

PSA saw the CEVP©s main aim as sensitising UK fleet operators to the potential 

benefits of electric vehicles (Simon and Hoogma 1998). It was therefore inferred at the 

time (Lane 1998a) that, should the project be a success, Peugeot were hoping to market 

the 106E in the UK (they were already available in France). The 106E was subsequently 

made commercially available as predicted. 

Experimental Design and Evaluation 

The experiment was a success in confirming the technological aspects of the 106E and 

its recharging infrastructure for a UK audience. However, this was not too surprising, as 

the vehicle had been previously developed over many years by PSA. With the not minor 

modification of having to produce a RHD version, the technology was already as 
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demonstrated in France. However, it was reassuring that the vehicle performed well i n 

the UK as elsewhere. 

Royal Mail noted a minor shortcoming of the 106E. They found that the volume 

capacity of vehicle for postal deliveries was too small . Consequently, this user feedback 

was partly responsible for the decision to commercialise the electric Partner Van 

(available in RHD form from May 1998). Therefore, this ©failure© provided a valuable 

lesson regarding market preference.  

Those drivers new to electric vehicles showed a good reaction to using the 106E for 

the first time. Though their initial concerns were about the vehicle©s range and abilit y to 

keep up with other road users, following training or general use, most users increased 

their opinion of the vehicle. For example, Councill or Hodgson from the City Council 

said, "I thought it was going to be like a milk float but it was surprisingly nippy" 

(Coventry Evening Telegraph 1997). This follows a similar pattern as seen in previous 

BEV experiments.  

Energy use measurements were made on the 106E used in the car-pool for Coventry 

City Council . This vehicle had been recharged 56 times and had required an energy 

input of 311 kWh for a 1403 km mileage giving an average energy economy of 0.22- 

0.27 kWh/km. According to Deeming of Peugeot, the "energy consumption [was] as 

forecast... 20kWh per 100 km" (EVP 1997). Using a standard 13-amp socket, the 106E 

re-charge time was around 6 hours, which at the night time price tariff (©Economy 7©), 

costs less than 40p (1996 prices). This provided a fuel economy of around 0.75 MJ/km 

at a cost of less than 0.7 p/km using night time electricity (Lane 1998a).  

One weakness of the project design was that the monitoring had not been set up 

fully from the project©s initial stages. Although four vehicles were to have had ©black 

box© data-logging equipment from the start of the project, these were only fitted 7 
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months into the project©s first year. This turned out not to be such a problem as the 

CEVP ran for two years, but it might have been interesting for partners to have seen the 

performance statistics of the project©s early stages when the vehicles were still novel to 

the users.  

It is interesting to question not only the project©s success in fulfilli ng its goals, but 

also the aims themselves. Although the CEVP succeeded on its own terms, could the 

same be said for the project©s organisation and strategy? Some commentators questioned 

the decision of PSA to develop a BEV that was essentially a conversion of a petrol 

model. This resulted in a vehicle which was relatively heavy and which had a low range 

in comparison with purpose-designed pure EVs.  

Furthermore, PSA had already developed lightweight plastic body panels, which 

had been successfully used in the Citroen BX19. The use of this material could have 

reduced vehicle weight so improving energy eff iciency and range. In their defence, it 

should be noted that Peugeot were extremely methodical in their staged development of 

a commercial BEV. They balanced the need for a high performance vehicle that could 

attract market share, with the policy of reducing financial risk by converting an existing 

model and conducting a thorough process of experimentation.56  

The Technological Niche (technology, application and network) 

In the narrowest sense, the Coventry Electric Vehicle Project itself defined the BEV 

niche. The technology in the case of the CEVP was the battery powered electric vehicle 

(as opposed to fuel-cell or hybrid electric), using rechargeable Nickel-Cadmium battery 

                                                 
56 At the time, it was too soon to know whether this strategy was likely to be more or less successful than 
the more radical approach taken by companies such as General Motors (USA) and PIVCO (Norway) who 
had gone back to the drawing board to design advanced electric vehicles but whose reliabilit y is less 
certain. In the event, neither strategy guaranteed the emergence of a significant market niche - see later 
section. 
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technology with a d.c. motor drive train. The Coventry project was supported directly 

by six partners who comprise the specific partner network supporting the niche. 

Two specific applications were present within the project (freight or passenger use) 

that reflected the uncertainty regarding the most promising initial market for BEV in the 

UK. According to SNM, the existence of two applications strictly implies the existence 

of two technological niches. However, since the two applications were so similar, it 

made more sense to continue to define the CEVP as one experiment within the single 

(developing) niche.  

Though it could be argued that the Coventry experiment formed a unique niche in 

its own right (a unique UK experiment at the time), there had been several European 

projects which had demonstrated and developed similar types of BEVs within protected 

spaces not unlike the CEVP. This included the series of experiments at La Rochelle, 

France, which were the most important and influential BEV projects on mainland 

Europe (Simon and Hoogma 1998). Therefore, if these experiments are taken together, 

the Coventry project is best considered as only one of many trials constituting a wider 

protected niche for the development of passenger four-seater electric cars and light-duty 

vans using various battery, controller and motor technologies. Figure 3.6 places the 

CEVP within the extended protected niche surrounding the development of small 

European BEVs. 

Figure 3.6 : Position of the CEVP Niche 
 

 

 

 

 

 

 
 

Figure 3.7 : Development of the Wider BEV Niche 
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The definition of the niche is further complicated by the fact that some related 

experiments were completed prior to the start of the CEVP. These also differed slightly 

in their application, actor network or technology. Therefore the CEVP can be viewed as 

one of a number of projects that are based upon the experience of previous related 

experiments such as La Rochelle. As the experiments have evolved (with aims moving 

from the technological to commercial focus) the niche can be thought of as evolving, 

pushed forward as new experiments are brought on-line. The CEVP can be seen as part 

of a series of BEV development experiments, the sum of which both characterises the 

niche and forces it to evolve over time (see Figure 3.7). 

Niche Protection 

All the partners gave a great deal of support to the project. In doing so they were 

providing protection to BEV technology and strengthening the technological niche. The 

protection measures were in the form of financial support, time investment, regulatory 

pressure (e.g. EU regulated emissions legislation and UK National Air Quality Strategy) 

and publicity. In particular, the partnership network provided the following support:  

Peugeot (in the form of PSA) 

·  Foremost in providing niche protection through the development of the 106E - 

investment predated the CEVP and involved over a decade of BEV development.  

·  Commitment to the small BEV showing the potential that a right hand drive version 

of the 106E might have for a future UK market. 

·  Designated maintenance faciliti es in Coventry base to operate vehicles. 

The UK government  

·  Financial support through the Energy Saving Trust©s PowerShift programme which 

subsidises the purchase of cleaner fuelled vehicles by up to 75% of the additional 

costs. By March 1998, over £20 milli on of orders had been stimulated by the 

programme. 
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Coventry City Council  

·  Promoted the project by being a major high-profile vehicle user within the CEVP. 

·  Sought ways to restrict conventional car use to encourage people to switch to 

©greener© modes of travel (one of which is the BEV). 

·  Planned to provide re-charging faciliti es within the city boundaries to attract new 

BEV purchasers within the region. 

Royal Mail  

·  Very influential as one of the largest UK fleet operators - RM invested much time 

and money in alternative vehicle projects since 1988.  

·  Showed the need for detailed project monitoring and led the implementation of 

driver training.  

PowerGen 

·  Supported the wider BEV niche: this can be seen by their active involvement in the 

CEVP, Camden ASTI and other UK BEV projects (Potter 1998) - the company©s 

long-term aim was to be a major supplier of fast re-charging technology (see section 

2.2.4). However, after completion of the CEVP, PowerGen pulled out of this sector. 

East Midlands Electricity 

·  Provision of road-side rechargers and electric power - their involvement was 

essential in providing the first elements in an electricity infrastructure that would be 

essential i f BEVs were to be widely used in the UK. 

 

Niche Development 

Within the CEVP, no development of the technology was intended within the aims of 

the project. This was because many years of vehicle testing had already been carried out 

in France during the 1980s and 1990s in projects such as those at La Rochelle (Simon 

and Hoogma 1998). Indeed, it was as a result of this series of experiments that the 

choice for nickel-cadmium batteries and d.c. traction was first made, technologies that 

characterise the niche under review.  
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However, within the wider technological niche, of which CEVP is a part, we see 

that (at the time) many actors were putting much effort into improving BEV technology. 

In France, a new set of experiments was initiated in La Rochelle including the Vedelic 

Programme which aimed to display the "advantages and technical progress of an 

electric vehicle equipped with a new type of a.c. motor adapted to automobile needs and 

with a lithium-carbon battery system, within the perspective of an exploitation by 2000" 

(Simon and Hoogma 1998).  

Regarding the application, as of 1998, it was already clear which user-groups were 

to be initially targeted for early marketing of the 106E, as no private individuals were 

included as users in the project.  As indicated by the project objectives, Peugeot saw 

fleets as the first significant purchasers of BEV in the UK. However, if the niche had 

developed as it has elsewhere in Europe, multi -car households would probably have 

been the next group to be considered by Peugeot as potential BEV owners. 

The development of the BEV niche was also alli ed to new methods of car access 

including car sharing and short-term car rental. This was due in part to the high capital 

cost of BEVs, which, together with their suitabilit y to urban use, inhibited private 

ownership. In 1998, Simon and Hoogma were of the view that, "everything seems to 

indicate that a new era of transport is starting" involving an integration of urbanisation, 

mobilit y and environmental protection. However, "such an objective will only be 

reached through the complementary and harmonious development of collective 

transport and a new individual vehicle reserved for proximity journeys, electricity 

becoming for both the privileged source of energy" (Simon and Hoogma 1998).  

Examples of projects that have experimented with new methods of access to BEVs 

include the Praxitèle, CityCar and ©CyCab© short-term rental schemes in France and 

Switzerland, which provide subscribers access to four- or two-seater BEVs located at 
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stations throughout a city. They may represent the ultimate development for the BEV 

market niche. (CityCar will be discussed in Chapter 5.) 

 

 

 

 

 

Figure 3.8 : The CyCab BEV shor t-term rental vehicle 
 

Expectations of Technology 

Prior to the CEVP, it was certainly a fact that general expectations of BEV capabiliti es 

before the project were low due to the image of British milk-floats (of which at least 

16,000 continue to be used on a regular basis). For decades, the UK public has seen the 

BEV as a slow and limited range vehicle reserved for specific tasks, not in any way as a 

replacement for a conventional petrol or diesel car. It also seems to be the case that fleet 

operators were, on the whole, largely ignorant as to the relative merits of alternative 

vehicles and were unaware how to either purchase one or make an economic assessment 

of an electric vehicle. Therefore, one of the desired effects of the CEVP and of the 

PowerShift programme was to change perceptions of the BEV by simply demonstrating 

existing vehicles that are marketed elsewhere in Europe.  

Within the project, the expectations among the partners were consistently high. 

Peugeot were confident that the 106E would live up to the expectations already 

generated by their French experience. The Energy Saving Trust, while acknowledging 

the limitations of the vehicle, certainly saw the 106E as a viable BEV that could 

adequately replace existing vehicle types for some niche applications. Coventry City 

Council have also not hesitated in using the vehicle within their fleet and promoted the 
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technology in its present form. In fact, all the partners were very positive about the 

technology and have high expectations of its impact during the project. This highlighted 

a contrast of differing perspectives of the CEVP: high expectations of the proponents of 

BEVs, but widespread ignorance among the public and fleet operators as to the 

capabiliti es of the latest BEV technology. 

Niche Competition 

A criti cal factor that has affected the emergence of a BEV sector (in the UK and 

elsewhere) has been the competition from other cleaner technologies such as hybrid and 

fuel cell vehicles. Though fuel cell technology has not yet been developed enough to 

rival BEVs, hybrids on the other hand, have already achieved market realisation in 

Europe. Therefore, Peugeot may find many private, fleet and local authority customers 

turning to the cheaper and higher performance hybrid alternatives instead of BEVs. This 

view was predicted in the CEVP Report already published by the candidate. "It may 

turn out that hybrids (and subsequently fuel cells) may be the only threats to the success 

of BEVs" (Lane 1998a).  

Since the publication of the CEVP Report, European sales of the Toyota Prius 

(launched in late 2000) have already overtaken BEV sales. As of mid-2001, European 

monthly sales of the Prius exceed annual sales of all BEV models. However, since all 

these vehicle types share common components (battery and motor technology), then the 

success of one type of BEV will assist the introduction of the others. Therefore, even 

the commercialisation of hybrids may indirectly help companies to reduce prices and 

maximise sales of BEVs. 

Market Barr iers and Market Acceptance 

Many of the barriers that inhibit the development of the BEV niche have already been 

discussed (see section 2.2.4). These include, high capital cost and limited supply of 
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battery electric vehicles, limited vehicle range and reduced payload capacity as 

compared to conventional vehicles, and the lack of a widespread publicly accessible re-

charging infrastructure. While it did not aim to solve all these shortcomings, the CEVP 

did succeed in dramatically raising the profile of BEVs in the UK. Evidence for this was 

shown by the huge media interest during the project and by the enthusiasm of local 

authorities that are keen to use this technology. Almost without exception, the 106E has 

had a very positive response, both as a zero-emission vehicle and as a high performance 

©real© car which suff iciently satisfied drivers© expectations of what a car should be. This 

is evident from the results of a questionnaire survey conducted by Royal Mail who 

assessed drivers© reactions to the Peugeot 106E as part of the Coventry project (CEVP 

1996). We can conclude, therefore, that the CEVP has achieved one of its primary 

goals, which was to promote "the role that the modern electric vehicle[s] can play in 

improving the environment in the United Kingdom¼ in a demonstration project which 

will attract major attention and awareness of their benefits".  

Throughout the project, Coventry City Council was a key element in attracting 

vehicles and interest in the Coventry region. They also developed a great deal of interest 

through the network of local authorities that wished to reduce the impact of transport on 

the environment. The number of vehicles that could be ordered by local councils may be 

as significant as the number that could be used by private company fleets.  

The success of the CEVP is also shown by the fact that many of the partners 

decided to purchase BEV to use as part of their fleets in addition to the vehicles used 

within the CEVP. Royal Mail bought four Partner Vans, PowerGen at least one 106E, 

and Coventry City Council purchased eight vehicles. Nationally, applications have been 

made for PowerShift and Zeus funding for around a further fifty Peugeot electric 

vehicles (106E and Partner Van). 
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Market Niche Development 

The main aim of the CEVP was to demonstrate battery electric vehicles and assess the 

reaction of f leet operators to the technology. In some ways this aim is common with 

previous experiments such as La Rochelle which as Simon explains was partly designed 

to reduce the commercial uncertainty of BEV use in France, a country where there has 

long been much interest in the use of electric vehicles (Simon and Hoogma 1998). 

However, as Britain has less recent experience of electric traction, we could say in 

comparison, that the CEVP was designed to assess the commercial potential of BEVs 

within the UK. Furthermore, as private motoring was excluded from the project, the 

emphasis was on the demonstration of the BEV as a fleet vehicle. This contrasts with 

the experiment at La Rochelle where the private motorist was highly involved with the 

BEV project (even though small and large fleets were also encouraged). 

It should be noted that, without the financial assistance from the Energy Saving 

Trust, the CEVP might never have happened. In return for this government support, the 

Coventry Project acted as a high profile demonstration pilot project that supported 

Phase 1 of PowerShift. Therefore, the PowerShift and Coventry BEV Projects mutually 

benefited from each other©s existence. Due to the current price premium of new vehicle 

types, the market share for BEVs remains limited by the amount of government and 

European funding subsidies available. Without these grants, the commercialisation of 

BEVs would probably slow to a halt in the UK. As we have already mentioned, BEV 

sales have been relatively low since the time of the CEVP. It remains to be seen how the 

free market will respond to vehicles such as the 106E and the Partner Van if subsidies 

are removed. Only then will it be possible to say if projects such as the CEVP have been 

successful in promoting BEVs in the UK. 
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What is certain is that as long as a BEV©s range is small i n comparison with 

conventional vehicles, the identification of specialised niches will be crucial to the 

successful commercialisation of electric traction. This is because, without severe 

financial penalties on environmental grounds for conventional vehicles, BEVs are 

unlikely to be able to compete with ICE technology on a performance or financial basis. 

Therefore, applications that maximise the relative benefits of electric vehicles will 

enhance their attractiveness to potential customers. A consensus has emerged that the 

BEV niche includes use as short-range, urban vehicles and for fleets with predictable 

duty-cycles. Niche transport applications for all vehicle technologies will become 

increasingly common in the future transport regime as, in an aim to maximise eff iciency 

and reduce emissions, specific technologies will be chosen for particular journey types. 

BEVs will t hus be assigned to roles that correspond most closely to their capabiliti es. 

Effect on Existing Regime 

For the reasons described above, and given the present development of the BEV, it 

seems very unlikely that BEV will single-handedly threaten the dominance of the ICE 

within the current transport regime. This is due to a combination of the continuing high 

capital cost and the relatively short range of BEVs. Another factor is the emergence of 

other alternatively fuelled vehicles with reduced emissions that can provide comparable 

emission reduction at lower cost.  

From a historical perspective, and if we accept the reality of the future implied 

above, the BEV role has been one of a stimulating technology. Each time a problem has 

arisen with fuelli ng or the emissions of an ICE vehicle, BEVs have formed a useful 

benchmark for zero-emission vehicles with which to compare other technologies, which 

then are found to be superior in some way (infrastructure, range, etc.). Although the 

existence of BEVs has given rise to a number of other technological solutions, they 
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themselves may never directly challenge the ICE regime. BEV stimulate and change 

technological regimes in transport, but a purely BEV regime may never be realised. 

3.1.5 Evaluation of Strategic Niche Management 

The above case study shows that SNM can provide a useful analytical approach with 

which to understand the development of a niche. However, we need to be aware of the 

potential weaknesses of the SNM approach and accept some aspects of its limitations or 

strengthen the approach where possible. 

Two particular weaknesses of previous SNM studies have been identified by 

Hoogma, a member of the SNM project detailed above. He notes,  

"The research based on the SNM approach has thus far focussed on analysing the 

impact of individual experimental introduction projects of new technologies on 

regime development, but without capturing longer-term developments. Also, the 

interconnections between and mutual influencing of experiments were not 

adequately studied" (Hoogma 2000). 

We can address the Hoogma©s first point by ensuring that we include consideration 

of all the key experiments of a technological niche with a focus on generic learning in 

addition to the specific lessons that emerge from a single experiment. This will reduce 

the possibilit y that the learning and effects, unique to a particular experiment, are 

generalised to characterise the whole niche. It is the intention of this thesis to identify 

key technological trends within a niche rather than one-off technological innovations 

that provide local rather than global solutions. The second issue suggests that we need 

to laterally extend the SNM analysis beyond the immediate technology under analysis. 

This can be achieved by stressing the effects of Niche Competition. Though these 

aspects have already been included in our discussion of SNM, we need to pay particular 
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attention to these within future analyses. As demonstrated, this was especially important 

for BEVs in the CEVP. 

Therefore for the remainder of the dissertation, the focus will be on the analysis of 

the niche (rather than on particular experiments) and its effects on (and of) the existing 

regime. This approach is in accordance with the work by Hoogma who addresses the 

identified shortcomings of SNM, by studying the effects of a large number of 

experiments which "are studied in the context of changing societal problems and 

priorities, the development of the automobile regime, and the emergence of new 

technologies and vehicle use concepts" (Hoogma 2000). 

However, another element remains missing from the traditional SNM ©toolkit©. First, 

while strategic niche management provides a qualitative guidance for strategy 

development, it does not aim to quantify relative strategies. What is missing is a 

quantitative measure of the effectiveness of technological options under consideration. 

Also it would be useful to be able to quantify the levels of protection required to support 

the niche. This would complement the qualitative analysis and provide new insights into 

the management process. The next section discusses the way that a quantitative measure 

can be used to extend ©classical© SNM. 

Quantitative Strategic Niche Management (QSNM) 

To extend the analytical tool of SNM, this thesis adds a quantitative element to the 

issues already covered by the management approach. This new dimension will not be 

suff icient to direct the course of action required by the technology manager due to the 

large number of non-deterministic and irrational factors which are at play (e.g. public 

and consumer misunderstanding of the issues). However, it will complement these 

factors and add value to the existing SNM ©toolkit©. Moreover, a suitable measure will 

enable quantitative comparison of competing niches. 
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The addition of a quantitative measure will also extend the temporal analysis of 

niches. Although covered within niche development, we can use the quantitative 

measure to chart the progression of niches over time (including projections into the 

future). Again, this enables the comparison of the development of different niches. This 

extension of ©classical SNM© can provide a new management tool for cases where 

several inter-related niches are emerging, each with its own developmental pathway. In 

this way, Quantitative SNM will provide a rational protocol for the designing of 

protection measures if a cluster of competing technological niches requires coordinated 

management. 

Therefore, this thesis introduces Quantitative Strategic Niche Management 

(QSNM), which extends and strengthens SNM as a strategic tool to assist the 

transition to a sustainable transport system. QSNM applies the techniques of 

©classical SNM© (as already described), with the addition of: 

1. Quantitative measures of the effectiveness of technological niche(s). 

2. Quantitative char ting of the pathways taken by technological niche(s). 

 

Choosing Quantitative Measures for QSNM 

QSNM includes quantitative elements relevant to the technology under consideration. In 

principle any measure could be used which is precise, reliable and easily obtained. As 

this thesis is ultimately concerned with environmentally sustainable transport, the most 

appropriate measures would be ones that reflected the environmental benefits of a road-

transport technological niche. Furthermore, it would also be useful to have measures 

that represented the barriers to innovation diffusion. 

For the purposes of this thesis, two gaseous emissions have been chosen to be 

indicative of environmental sustainabilit y, one to indicate the impact for global impact 
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on climate change and the other to indicate the local effects upon air quality. The two 

environmental sustainabilit y indicators are lifecycle greenhouse gas and NOx emissions. 

These were introduced in the discussion in Chapter 1 (see section 1.2.4). 

Quantitative economic aspects are also included in the analysis. The International 

Energy Agency (IEA) has identified the main barriers to cleaner vehicle technologies in 

their report Implementation Barr iers of Cleaner Transport Fuels (IEA 1999). Of the 

technical, economic, politi cal, regulatory and social barriers identified, the economic 

aspects are most easily quantified (vehicle, fuel and infrastructure costs) and lend 

themselves to inclusion as a quantitative measure. A cost measure is well suited for 

comparing different niches, as financial barriers are common to all technologies. 

Furthermore, all niches have to compete within the economic environment of the 

dominant regime.  

As can be seen from the approach of UK government to assessing the technological 

options, both quantitative economic and environmental factors are central to the whole 

enterprise of introducing cleaner road transport technologies. In the Alternative Fuels 

Report of the Cleaner Vehicle Task Force (DTI 2000), these issues are discussed and 

are used to form recommendations about which road transport technologies should be 

promoted by the UK government. As part of its consideration, the Task Force developed 

a quantitative model with which to make emissions and cost comparisons between 

different cleaner vehicle technologies. This was the Lifetime Evaluation of Alternative 

Fuels (LEAF) model (DTI 2000). It is this quantitative tool that will be used to apply 

QSNM to the fuel cell vehicle niche. 

3.2 L ifetime Evaluation of Alternative Fuels (LEAF2) Model 

The methodology described in this section draws upon work conducted by the 

candidate during 1999-2000 for the DETR. The model developed is based on the 
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methodology of the Lifetime Evaluation of Alternative Fuels (LEAF) model developed 

by McCallum, the details of which are published in the Report of the Alternative Fuels 

Group of the Cleaner Vehicle Task Force (DTI 2000). To acknowledge its origins and 

to signify that several extensions and modifications have been made to the LEAF 

approach,57 the model used for this thesis is known as ̀ LEAF2'.  

A copy of the LEAF2 model is available on the CD-ROM that accompanies this 

thesis. To use, load CD and open Word document entitled ‘LEAF2 Instruction 

Sheet’ . This provides instructions on the use of the model©s Excel spreadsheets. 

LEAF2 Overview 

The LEAF2 model estimates the costs and emissions for cleaner and conventional 

vehicle technologies introduced over the period 2002-2012. Two vehicle types are 

considered: cars and buses. The model uses vehicle and fuel input data based on figures 

from published sources (see Chapter 4 and Annexes 3-6). The model first calculates 

annual li fecycle emissions and costs associated with each vehicle type and technology 

option. These are then summed over the li fe of the vehicle giving the total lifetime 

emissions and costs.  

For each vehicle option, the model generates two environmental measures. These 

are lifetime NOx and lifetime greenhouse gas (GHG) emissions. Three economic 

measures are also produced. The first of these is the lifetime private cost, which is a 

measure of the economic impact from the perspective of the user. The second is the 

lifetime public cost, which is a measure of the economic impact from the perspective of 

                                                 
57 LEAF2 extends the LEAF model in the following ways: 
·  Extended time-scale – includes technologies introduced up to 2012. 
·  New data set – new fuel and vehicle data, fuel data change over time. 
·  Updates of model – updated to reflect new tax rates. 
·  New faciliti es – incentive measures can be manually controlled. 
·  New application – seven new fuel cell cases are investigated. 
·  Emissions targets - addition of sustainable© NOx and GHG emissions targets 
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the UK. The third economic measure is the (public) cost-effectiveness, which is the 

emissions reduction per public pound spent.  

For each vehicle type, comparisons are made with one of three baselines. The 

baselines include conventional vehicles and those with electric drive-trains: 

·  Petrol/diesel internal combustion engine vehicles (ICEs) ± main baseline. 

·  Petrol/diesel hybrid electric vehicles (HEVs). 

·  Battery electric vehicles (BEVs) (Year 2002-2012 generating mix). 

Lifecycle analysis of emissions 

A full analysis of road transport emissions needs to account for vehicle emissions58 

generated during vehicle use and production emissions59 generated during fuel 

production, processing and distribution. Vehicle emissions are specified in grams per 

kilometre for light-duty vehicles and grams per kWh (engine output) for heavy-duty 

vehicles (see Annex 1). Production emissions are specified in grams per GJ delivered. 

The total emissions due to fuel use (production, processing, distribution) and vehicle use 

are termed lifecycle emissions.60  

The li fecycle analysis of road transport emissions is an established method that has 

been used by many researchers to compare the environmental impact of different road 

vehicle fuels and technologies (ETSU 1996, Hart and Bauen 1998b, DTI 2000). The 

LEAF2 methodology uses published data for production and vehicle emissions to 

estimate the li fecycle emissions associated with vehicle use. Given the importance of 

this technique, a series of spreadsheets have been developed to inform this thesis (see 

CD-ROM enclosed). These have been used to check the results of other studies and also 

to compare the environmental impacts of cleaner vehicles on a li fecycle basis.  

                                                 
58 Also known as ̀ tank-to-wheel' emissions.  
59 Also known as ̀ well -to-tank' emissions.  
60 Also known as ̀ well -to-wheel' emissions.  
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As greenhouse gases (GHGs) emitted at all l ocations contribute to global warming, 

these emissions are calculated on a li fecycle basis and include fuel production, 

processing, distribution and use. The three main GHG emissions associated with road 

transport are carbon dioxide, nitrous oxide and methane (DETR 2000a). Therefore, 

where possible, production and vehicle emissions of these three gases are accounted for 

within the analysis presented. Note that these emissions are combined to provide a 

single measure of greenhouse gas emissions by using accepted global warming 

potentials (GWP) for each of the gases. These provide a weighting for each gas, which 

is a measure of their effect on atmospheric warming over a determined time period.61 As 

air quality impacts are focused at the local level, regulated emissions (CO, NOx, HCs, 

PMs) are normally analysed on a vehicle emission basis. However, as many of the 

technology options that will be considered by the model involve fuel production at the 

local level (e.g. on-site at fuel stations), then all regulated emission will also be 

conducted on a li fecycle basis.  

The LEAF2 model also uses emissions sustainabilit y targets. As introduced in 

Chapter 1, these set eco-capacity limits for NOx and GHGs, which represent a 75% 

reduction in li fecycle emissions. These are based on Euro 4 (NOx) and Euro 2 (GHGs) 

operation. There is no NOx target for buses as Euro 4 regulated emissions are specified 

in gms/kWh engine output while the model makes estimates on a per km basis. 

Although the petrol Euro 4 is a vehicle emission standard (0.08 gms/km: see Annex 

1), this thesis will use it to inform the NOx eco-capacity limit on a li fecycle basis. Using 

established li fecycle analysis methods (as described above), the li fecycle emissions for a 

petrol ICE vehicle operating at a 75% below Euro 4 standard has been estimated. The 

                                                 
61 The GWP for carbon dioxide is taken as unity; the GWP for methane is equal to 21 for a 100 year time 
horizon (DTI 2000). Nitrous oxide has not been assessed in this thesis due to lack of available production 
and vehicle data. 
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figure used is 0.12 gms NOx/km.62 The baseline greenhouse gas emissions for cars are 

based on a Euro 2 petrol car (181 gms CO2/km) (Hart and Bauen 1998b). Using 

li fecycle analysis, the li fecycle emissions for a petrol ICE vehicle operating with a 75% 

reduction in greenhouse gases has been estimated. The figure used is 52.5 gms 

GHG/km. For buses, the Euro 2 diesel emissions are taken as 871 gms CO2/km, which 

leads to a sustainable target of 241 gms GHG/km. 

Lifetime analysis of costs 

The LEAF2 model uses two definitions of cost. These are lifetime private costs and 

lifetime public costs. Private costs are the costs faced by the vehicle user (individual or 

bus operator). The user pays the cost of the vehicle, the maintenance, and any taxes 

incurred. Private cost is useful as an indicator of market response. Combined with a 

behavioural model (not included in LEAF2), the relative private cost can be used to 

determine the up-take of different vehicle types. Public costs are the costs to society as a 

whole (or ©UK plc©). Public costs can be equated with resource costs because they reflect 

land, labour and capital investment. Taxes are not included, because tax paid by an 

individual remains within the economy. Public cost is therefore a useful measure with 

which to inform policy and is so used by government. 

The measure of (public) cost-effectiveness63 is also used. This is found by 

calculating the ratio of emissions reduced to pounds spent. Public cost is used for this 

quotient as environmental savings are considered as a ©social© benefit. Cost-effectiveness 

is expressed as a single figure for each pollutant over the li fetime of the vehicles and is 

defined relative to a baseline. This measure is useful in comparing technology options. 

                                                 
62 It is interesting to note that, at this ultra low NOx standard, the majority of NOx emissions are 
associated with fuel production. 
63 Note that a cost-benefit analysis would express both the costs and benefit (in emissions saved) in 
monetary terms, to give a single net benefit figure. This is only possible if there is a monetary value for 
emissions. As this data is not readily available, this approach has not been taken. 
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Obviously, a high cost-effectiveness is preferable, indicating a larger reduction in 

emission for the same investment. However, it is important to note that some 

fuels/technologies may be associated with a high cost-effectiveness though the actual 

magnitude of emissions reduction may be low. 

LEAF2 methodology 

A schematic diagram showing the structure of the model is shown in Figure 3.9. The 

model uses a large number of global parameters that specify the scope of the analysis. 

The main parameters are the ©comparator year© (year of introduction which can be set to 

2002, 2007 or 2012), ©vehicle usage©, discount rate and the PowerShift capital subsidy. 

The fuel duty for hydrogen and other on-board fuel cell vehicle fuels (assumed to be 

introduced from 2012) can also be controlled. It can be set to ©OFF© (zero rate), ©LOW© 

(75 p/kg ) or ©HIGH© (180 p/kg for car and 230 p/kg bus). 

Figure 3.9 : Structure of LEAF2 Model 

 

Vehicle performance and cost data is sourced from the Cleaner Vehicle Task Force 

and Hart (DTI 2000; Hart and Hörmandinger 1997; Hart and Bauen 1998b). The 

majority of the ©Car/Bus Base Data© spreadsheets are shown in Annexes 3 and 4 (an 

example is shown in Table 3.2). Minimum, median and maximum values are included 

for both the 2002, 2007 and 2012 cases. In the 2002 scenario, these values are based, 

where possible, on published sources. Where only the median is available, a � 50% is 
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used to determine the range of regulated emissions and � 20% for fuel economy and 

GHG emissions. From 2007, emissions data used are either based on predictions (where 

available) or it is assumed that a 15% improvement occurs between 2002/07 and a 

further 10% improvement over the period 2007/12. 

Table 3.2 : Input data for petrol fuelled hybr id-electr ic car  

 

Fuel production emission data is sourced from Hart, Hörmandinger and Bauen (Hart 

and Hörmandinger 1997; Hart and Bauen 1998b). Two average values are used, one for 

2002-2007, the other from 2007 onwards. Most cases show a reduction in production 

emission over time (see Annex 5). The input data for fuel costs (shown in Annex 6) are 

either taken from DTI and Customs and Excise forecasts (DTI 2000) or from 

subsequent analysis (see Chapter 4). VED and fuel duties are based on existing rates. As 

with emissions, some fuel costs also reduce over time due to changes in underlying 

costs (note that fuel duties may increase). The mileage associated with each usage type 

comes from the Vehicle Market Model or National Travel Survey (DETR). 

Inevitably, the model makes a large number of assumptions. These include that 

comparable vehicles are used to the same degree and drive cycle, have equal survival 

rates and are used at same location. More importantly, vehicle emissions are assumed 

not to change over the li fe of a vehicle, there are no limits of vehicle range and 

discounting methods apply equally to all technologies. (For a full discussion of 

assumptions used, see CVTF Report (DTI 2000).) 

Fuel 
Use

Mnt. 
Cost

Veh Cost

Tpipe Prodn Life Tpipe Prodn Life Tpipe Prodn Life Tpipe Prodn Life MJ/km p/km £
max 0.08 0.07 0.15 0.00 0.03 0.03 171 19 190 171 19 190 1.81 2.50 £15,000

2002 med 0.06 0.06 0.12 0.00 0.02 0.02 122 16 138 122 16 138 1.51 2.50 £15,000
min 0.03 0.05 0.08 0.00 0.02 0.02 73 12 86 73 13 86 1.21 2.50 £15,000
max 0.02 0.05 0.07 0.00 0.02 0.02 120 13 133 120 13 133 1.27 1.50 £13,000

2007 med 0.02 0.04 0.06 0.00 0.02 0.02 85 11 96 85 11 96 1.05 1.50 £13,000
min 0.01 0.03 0.04 0.00 0.01 0.01 51 9 60 51 9 60 0.84 1.50 £13,000
max 0.02 0.05 0.06 0.00 0.02 0.02 108 12 120 108 12 120 1.14 1.35 £11,500

2012 med 0.01 0.04 0.05 0.00 0.01 0.01 77 10 86 77 10 87 0.95 1.35 £11,500
min 0.01 0.03 0.04 0.00 0.01 0.01 46 8 54 46 8 54 0.76 1.35 £11,500

Notes

CH4 CO2 GHG
Year

NOx
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The stages for calculation used by the LEAF2 model are as follows (refer to Figure 

3.9, Tables 3.2 and 3.3). The operator first identifies the scope of analysis by defining 

vehicle type, vehicle application, year of introduction, level of protection and discount 

rate to be used. Using the vehicle and fuel data sets as described, the model performs the 

following operations: 

1. Based on vehicle emissions, vehicle performance and fuel emissions, model 

calculates annual li fecycle NOx and GHG emissions. 

2. Based on vehicle cost, vehicle performance and fuel costs, model calculates annual 

costs. Each cost result is discounted using the appropriate discount factor. 

3. The annual li fecycle emissions and discounted costs are summed to provide the 

absolute li fetime (NOx and GHG) emissions and li fetime costs. 

4. The absolute li fetime emissions and costs are compared with main baseline to 

provide relative li fetime (NOx and GHG) emissions and li fetime costs. 

5. The change in li fetime (NOx and GHG) emissions is divided by the change in 

li fetime public cost to provide the measure of (public) cost-effectiveness. 

6. The results are displayed in Car and Bus Charts. 
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LEAF2 results and interpretation 

For each vehicle type and year of introduction, the results are displayed in six charts: 

·  Lifetime Private Cost 

·  Lifetime Public Cost 

·  Lifetime NOx Emissions 

·  Lifetime GHG Emissions 

·  NOx Reduced per Public Pound 

·  GHGs Reduced per Public Pound 

 

Each chart shows the emission or cost performance of each technology option 

considered. The three data points are presented for each technology corresponds to the 

maximum, median and minimum values described above. For interpretation purposes, 

the range indicated by the position of the ©max© and ©min© values should be used.64  

The following aspects can be used as a brief guide to interpreting results (a full 

analysis is given for fuel cell vehicles in Chapters 4 and 5). 

·  Private costs: values above baseline indicate low market up-take. 

·  Public costs: values above baseline indicate increased societal costs. 

·  NOx Emissions: compare with sustainable target for 2012 case. 

·  GHG Emissions: compare with sustainable target for 2012 case. 

·  Cost-effectiveness: the higher the value, the larger the emissions benefit per public 

pound. Negative values indicate emissions benefit at LOWER cost. 

 

                                                 
64 Note that, after comparison with baseline, ©max© and ©min© data points may not remain as maximum and 
minimum values. They may even both be larger or smaller than ©median© datum. 
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Table 3.3 : Formulas used within the LEAF2 model 

Lifetime 
Emissions 

 

Lifetime 
Private Cost 

 

Lifetime 
Public Cost 

 
Cost- 

effectiveness 
(LPG case 

shown) 

 

 

Ep 
ep 
kt 
d 

PPexcl 
PPincl 

di 

ds 

PSG 

 

 total lif etime emissions of the pollutant, p 
 emissions of pollutant p per kilometre 
 number of kilometres travelled per year 
 emissions discount rate65 
 purchase price excluding VAT 
 purchase price including VAT 
 private (or individual) discount rate 
 public (or social) discount rate 
PowerShift grant 

 

VED 
FBup 
FBfp 
Mexcl 

Minc 

b 
n 
t 

 

annual Vehicle Excise Duty 
 fuel bill at underlying price of fuel 
 fuel bill at the full price of fuel 
maintenance cost excluding VAT 
maintenance cost including VAT 
 year of vehicle introduction 
 final year of vehicle life 
current year of the iteration 

Source: DTI 2000 
 

 

3.3 Application of the LEAF2 Model 

To ill ustrate how the LEAF2 model can be applied, this section describes the results of 

the analysis conducted on behalf of the Alternative Fuels Report of the Cleaner Vehicle 

Task Force (DTI 2000). Using the LEAF model (predecessor to LEAF2), this study 

compared the emissions, costs and cost-effectiveness for cleaner vehicles for year 2000 

and year 2005 projections. The options considered included compressed natural gas 

(CNG), liquefied petroleum gas (LPG), battery electric (BEV), petrol hybrid electric (P-

HEV) and one type of hydrogen fuel cell vehicle (H-FCV). Using a petrol ICE baseline, 

a subset of the results for cars (GHG emissions and public costs) are shown in Figures 

3.10 and 3.11. Combining the emission and cost data, a series of cost-effectiveness 

                                                 
65 Opinions vary on whether to discount emissions that occur in future years. Government practice is not 
to discount emissions, for example as in ªAn Economic Analysis of the National Air Quality Strategy 
Objectivesº (1998). A zero discount rate has been assumed. 
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measures were also derived  (see Figure 3.12). (Note that results for NOx are not shown 

here - for a full discussion of results, see CVTF Report (DTI 2000).) 

Figure 3.10 : Car L ifecycle GHG Emissions - Year 2000 
 

 

 

 

 

Figure 3.11 : Car L ifetime Public Costs - Year 2000 

 

Figure 3.12 : Car GHG Cost-Effectiveness  - Year 2000 

 

The results clearly show the difference in lifetime greenhouse gas emissions and 

lifetime public costs for each option. In the study, the hydrogen fuel cell vehicle showed 

the largest reduction of GHGs from the baseline (and the closest to the sustainability 
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target). However, it was also associated with the highest li fetime public costs. These 

aspects are reflected in the position of the fuel cell vehicle case in the chart for cost-

effectiveness, which (as of 2000) was the lowest value for GHGs. 

The results can also be used to ill ustrate the performance of the niche over time. For 

example, consider the data from the CVTF Report regarding the petrol hybrid electric 

car (P-HEV). Using the data shown in Figure 3.10 together with corresponding data for 

2005 (not shown), emissions performance over the period 2000 to 2005 can be charted 

as shown in Figure 3.13. This shows a reduction of li fetime GHG emissions over time. 

Figure 3.13 : Petrol Hybr id Car L ifecycle GHG Emissions 2000-2005 
 

 

 

 

 
 

Figure 3.14 : Petrol Hybr id Car Cost-Effectiveness for GHGs 2000-2005 
 

 

 

 

 

 

 

 

Similarly, charts can be drawn for li fetime public costs for 2000 and 2005, which 

demonstrate a reduction of public costs. If we combine the emission and cost data (as 

described above), estimates can be made for the cost-effectiveness for GHGs of the P-

HEV option over time. Using figures from the CVTF Report (DTI 2000), the results 

show that the hybrid option increases in cost-effectiveness over the period 2000-2005 
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(from 2.6 kg/£ in 2000 to 3.5-4.3 kg/£ in 2005) (see Figure 3.14). The results suggest 

that future hybrids are predicted to provide larger GHG emission benefits per (public) 

unit cost. 

3.4 Quantitative Strategic Niche Management Methodology 

By including quantitative measures, QSNM can extend the qualitative analysis of 

©classical© SNM. By charting the LEAF2 outputs (emissions, costs and cost-

effectiveness), the quantitative analysis adds value to the discussion of qualitative 

aspects of the niche analysis. Considered over time, trends are apparent which can be 

used to predict the future development of the niche. Furthermore, if support is to target 

niches that are most environmentally sustainable, QSNM indicates whether a 

sustainable threshold has been, or is li kely to be reached (see Chapter 1, section 1.2.4).  

Once sustainable options have been identified, the public cost data can be used to 

assess the impact of the technology on the economy as a whole. If the technology is still 

considered an attractive option, the use of li fetime private costs identifies the level of 

economic barriers that may inhibit up-take of the technology by the market. 

Consideration of private costs can also be used to design effective incentive strategies. 

Charting the quantitative results of LEAF2 provides valuable insights into the potential 

for a particular vehicle technology and assesses whether it is li kely to achieve 

sustainabilit y (as defined earlier) or not. It also quantifies the cost-effectiveness of each 

niche over time as compared to the conventional baseline (which is itself improving). 

This can be used to inform policy regarding the most cost-effective technologies for 

investment, ones which are most worthy of protection. These approaches will be used to 

analyse the fuel cell vehicle niche in Chapters 4 and 5. 

As this chapter has shown, SNM can be used as a tool to develop strategies that can 

protect and promote new technologies. The approach analyses the key factors and 
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support measures which are required for niche protection. It can also be used to develop 

a strategy for protection removal to enable a shift from a technological to a market 

niche. Quantitative SNM builds on 'classical' SNM by adding quantitative measures that 

assist with identification of the most promising technologies (and which will be used to 

design appropriate levels of protection in Chapter 5). Furthermore, the approach can be 

used to compare competing technological niches that may be vying for the same 'space' 

within the existing niche. The application of LEAF2 and QSNM therefore 

constitutes the methodology that will be employed within this thesis in Chapters 4 

and 5. The methodology will be applied to choosing the optimum strategy for 

introducing fuel cell powered road transport systems in the UK. To do this, the 

methodology will employ the following stages: 

1. Identification of the most appropriate fuel cell technologies. 

2. Identification of the technological niche(s) (application, technology and 

network). 

3. Discussion of the key experiments (application, technology and network). 

4. Analysis of the strategic issues within the technological niche(s). 

5. Analysis of the strategic issues within the existing regime. 

6. Development of strategy for management of the fuel cell niche(s). 

 

Stages 1 to 3 will follow the classical SNM approach. Stages 4 and 5 will extend 

SNM methodology by including quantitative measures which will both inform the 

strategic issues as discussed in Section 3.1.3 and add a new dimension, namely, the 

quantitative analysis of the niche. This will then form the basis for Stage 6, which will 

construct a rational strategy for protecting and promoting the fuel cell niche. The 

structure of Chapters 4 and 5 reflect this staged analysis (see Table 3.4). 
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Table 3.4 : Schematic Plan of QSNM Analysis of Technological Niche 
Level Strategic Issues 

Analysis of 
Experiments 

 
Section 4.1 

·  Fuel Cell Vehicle Industry Actors and Experiments 
·  Corporate Alli ances and Strategies 
·  Experiment Design and Evaluation 

 

Identification of 
Technological 

Niche 

 
Section 4.2 

·  Identification of Fuel Cell Vehicle Technological Niche 
·  Fuel Cell Niche Protection 
·  Fuel Cell Niche Development 

 
Level Classical SNM Quantitative SNM 

Analysis of  
Technological 

Niche 

Section 4.3 
·  Expectations of Technology 
·  Vehicle Design and Performance 
·  Vehicle and Fuel Costs 
·  UK Market Transformation 

Section 4.4 
·  LEAF2 Analysis of Technology 
·  LEAF2 Lifetime Emissions 
·  LEAF2 Lifetime Costs 
·  LEAF2 Cost-Effectiveness 

Analysis within  
Existing 
Regime 

 
Section 5.1 

·  Market Barriers for FCVs 
·  Market Niche Development 
·  Niche Competition 
·  Effect on Existing Regime 

 

Section 5.2 
·  Cleaner Vehicle Incentives 
·  Fuel Cell Vehicle Incentives 
·  Optimising UK Implementation 

Strategies for Fuel Cell Vehicles 

Note that all sections use the following three defining dimensions to provide an analytical framework: 
Technology, Application and Partner Network 

 

 


