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Chapter 3 Tednology Development Management Todls

Chapter 3 investigates the processby which new techndogies reach maturity with a
view to developing an effedive innovation management strategy for fuel cdl vehicles.
The dhapter introduces the gpproach of Srategic Niche Management (SNM) and
provides an example of its applicaion. Following a discusson d the strengths and
wedknesses of the goproach, SNM is extended by the aldition d quantitative measures
to form Quartitative 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 aprelude to this discusson, certain

key concepts are first defined.

3.1Modéds of Tedhnology Development

The concept of techndogy incorporates more than just the technicd hardware
asciated with an engineering solution. Asimportant are the social elements that
comprise thetechndogicd system, which enable atechndogy to operate and perform.
This 'software' includes individual expertise, cultural knowledge, institutional leaning
and aganisationa structures which together suppat tecdhndogicd hardware. In the
field o transport, knowledge is emboded within transport users, operators, vehicle

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

The human element of technology is more dealy reveded if tedindogy is defined
in relationto its function: techndogy enaldes humans to accompli sh tasks that would
otherwise not be posgble (Griibler 1992, techndogy is een as knowledge and means
to transform mnraterials, energy andinformation (Ayres 1994). The motor vehicle would
be of no wseif it were nat for systems that suppat vehicle research and development,
manufadure, maintenance and diver training. Furthermore, there aeimplicit cultural

expedations that enable the road network to operate (e.g. driving onthe left in the UK)
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withou which even the most perfed road macdine would be useless The role of

expedations will be discussed in more detail | ater in this Chapter.

An extension d the concept of techndogy isthe techndogical regime. This
encompasses the complete set of socio-techno-ecnamic forces that suppat the
techndogy anditsinfrastructure. The regime includes techndogica and social
networks andis locaed within the prevaili ng cultural and econamic environment. Given
its fundamental nature, the regimeislikely to suppat a number of interrelated
techndogies by providing a ammon groundthat ads to the alvantage of all. For
example, the existing road transportation system is suppated and shaped by the
dominant vehicle design, which includes ded construction, the internal combustion
engine, and the use of fossl fuels. The techndogies employed by road transport are

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

Regimes can be defined at several levels. At the highest level, the description d the
regime gives rise to adefinition d an era. For example, western history has witnessed
the age of steam and the fossl fuel age and more recently the nuclear age. If projedions
turn ou to betrue, we ae @ou to embark onthe solar age and, if hydrogen replaces
cabonas the main energy carier, the hydrogen econamy. By their very nature, at their
pe&k, regimes are self-sustaining. Thisis becaise, orcethe over-riding techndogies,
systems and associated infrastructures (technica and aganisational) arein pace they
are mutually suppative and constitute astable whole. For example, fossl fuels and the
internal combustion engine ae used within most sedors (including transport) in
industriali sed courtries for proving energy and motive power. The dfed isthat scde
efficiencies are more eaily redi sed through the use of shared sub-systems and

knowledge suppating the dominant techndogy. However, as we shall seelater, this
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means that new tedhndogies and systems often find it very difficult to gain acceptance

within the eisting regime, espeaally if they chall enge the status quo.

3.1.1Theories of Tednology Development

"A new idea isthe esenceof growth" (Einstein)
Invention andCreativity

A techndogicd inventionis the ©discovery© of anew tedindogicd solution that enables
tasks and/or transformations of the world to be acomplished. Although the processof
invention can be asdsted by techndogy itself,*® inventionisin esence ahuman adivity
and is therefore synonymous with the processof creaivity, the processby which ideas

have their origin.

Although thereis much debate @ou the aedive process it has been establi shed
that it can occur in ore of two ways. Thefirst is deductivewhereby alarge set of data
and/or ideas is used onwhich 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 knawvledge increased. The seaond
credive path (common to the sciences and the ats) isfor an ideg solution a visionto
arise sportaneously in the human mind. In Freudian terms, an idea aises from the
unconscious and is made known to the cnscious 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 mecdhanism for this
mode of insight. Indeed, Bohm has gone so far as sying, "[sportaneous| creativity
is...®mething that isimpassbleto definein words' (Bohm 1998. Although credivity

can beinfluenced by external fadors, the ©creaive moment© is unpredictable. If this were
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not so, then invention could be cntrolled, predicted and produced on cemand. There
are anumber of famous examples that ill ustrate the importance of the unconsciousin

the aedive process Asdescribed by Sinnat:

"Afamousinstanceis the way in which ore of Henri Poincaré's (1924 insights
into mathematics came to hm. He had keen strugding for days with the problem
of functions, to noconclusion. One night after drinking dack coffeeand keing
unaldeto dlee, ideas arose in his mind, e says, in crowds, colli ding, sometimes
interlocking, andfinally making some stable combinations fromwhich he
discovered the exstence of Fuchsian functions. Shatly afterward, whileon a
geological exairsion andwith nothough of mathematicsin hishead, & he put
hisfoot on ore step of an annibus the idea flashed into his mind that the
transformations he had wsed were identical with those of non-Euclidian

geometry..." (Snnat 1959.

Poincaré®experience & recounted by Sinndt ill ustrates K oestler©8isociation
Theory of credivity that takes the view that all ads of credioninvolve the mental
conjunction d two, previously separate, ideas (Koestler1964) (in this case the dynamic
patterns formed by moving groups of people gplied to function theory). In consciously
poncering aproblem (and if the mental circumstances are favourable), the unconscious
will consider amyriad of possble solutions, ead involving new conjunctions of
existing ideas. By regjeding most combinations but recognising the significance of
others, "order... is...distingushed fromrandamness' (Sinnat 1959 and a solution may
be found.K oestler©s approach also helpsto understand why it israrely the cae that
inventionis an isolated adivity. The exchange of new ideas and inventions through

socia intercourse often acceerates innovation. Thus the establi shment of towns, cities

9 An exampleis the use of computers in engineeing.
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and centres of leaning have triggered periods of intense techndogicd change. An
example of thisinterplay of shared ideas and techniques is the development of the semi-
conductor and the increase in the speed of information processng, atedindogy which

has simulated amost all branches of science

From alarger perspedive, fundamental li nks exist between science, tedindogy and
wider society. Though new ideas canna be produced on cemand, their occurrence can
be promoted through the provision d financia suppat from businessand government.
This requires pdliti cd will andasuppative eonamic and cultural environment. These
isaues are mutually suppative (agoodscientific/industrial base can be beneficia for the
eoonamy). In understanding techndogicd creaively we need to adknowledge the
"interr elationship between the social andeconamic contex andtechndogical change
andthe importance of interactions among retworks of social actors in the devedopment

andimprovement of techndogical solutions’ (Weaver et al. 2000.
The Innovation Process

Innowetion is the term given to the processof tecdhndogicd improvement. This can

either beradicd (Schumpeterian) or incremental (Usherian).

Schumpeterian innovation refers to the development of an entirely new
tedhndogicd solution (the word ©techndogy®© is used herein its widest sense), which
represents an approach urrelated to pre-existing tecdindogicd development. Within an
econamic context, Schumpeter termed this processof revolutionary change & creative
destruction (Schumpeter 1942. It could be agued that all new discoveries have their
anteceadents, and thisis always true to some extent given the way al inventionis
socially embedded and isinfluenced by external events. However, it is gill possbleto
identify certain techndogicd breathroughs that have used new approaches to solve

seamingly intradable problems.
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Examples of Schumpeterian innovation can be seen in the development of the
computer. The principle of medchanicd computation described (though na
demonstrated) by Babbage was itself aradicd approach to computation, replaang as it
did the use of logarithms and tables. The use of eledronic valvesin the 20th century
gave aseoond ©quantum legp®©, enabling the anstruction d a nomedanicad computer.
Y et anather radicd change foll owed the development of semi-conductors and the p-n
junction. Oncethe principle of atransistor switch had been demonstrated in the
laboratory, they very quickly revolutionised the construction for the massmarket of
compad, efficient and low-cost logic drcuits and heralded the modern personal

compuiter.

The dfeds of aradicd innowation are felt far beyondthe techndogicd sphere. The
introduction d anew techndogy "fundamentall y changes the relationships between
eoonamic inpus and ouputs or the nature of the constraints under which the
relationship between econamic inpus and ouputs can evolve' (Griibler 1998. Using
the personal computer as an example, the semi-conductor gave rise to whally new
indwstrial bases including ©silicon valley© in California. In the 198G and 9@, the
eoonamies of the Far East were significantly strengthened by the amergence of ©high

tech@l edronic products which were exported worldwide.

In contrast to radicd change, Usherian innovetion proceals via anumber of gradual
improvements. Tedhndogies can be refined and ogimised through minor modificaion
andtesting. This can either be & the pre-market phase through the use of company R& D
programmes, or it can be through users© fealbadk oncethe product is on the open
market. The latter option can generate alarge anourt of useful information for
developers but requires the product already be & the mmmercia stage (an intermediate

and controll ed approach to this dilemmais the use of pre-launch focus groups).
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Examples of Usherian innowation can be seen in the development of most of the
products and inventions that are in daily use. The recent development of the aurrent
state-of-the-art computer isa cae in pant. Thefirst generation d home computers were
relatively slow and hed oy small amourts of memory. However, although the basic
techndogicd principles have remained the same, the cmmputing power and cgpadty has

significantly improved by several orders of magnitude.

Ancther phenomenonassociated with Usherian innovation is that as the product
improves, market share increases, so enabling areductionin unt cost due to efficiencies
of scde. Thisis certainly naticedle for personal computers. In 1999 atypicd ©Pentium
[1© cost around £1,60Qvhereasin 2001 the same madhine retail ed at around £600The
same is true for most products. One study looked at the dfed of volume on costs of
over 100techndogies. This foundthat for adouling of cumulative output, costs

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

The oncept of tecdhndogicd regime helps to explain why most changeis
incremental rather than radicd. The developments that are most successul within an
existing regime ae those that asgst regime optimisation rather than regime
transformation a fragmentation. From a systems approad, the regimeis f-sustaining
and permits change that is to its own advantage but inhibits change that might threaen
the status quo and which would imply a new set of interrelated technd ogies and socio-
eoonamic networks. This explains why new viable techndogies findit so dfficult to

read the market even when they are well suited to performance requirements.
Innovation within the Regime

Tedndogicd development islimited by two fadors. Firstly there ae the theoretical
limits, which it isimpossble to exceal (acording to the known science d the time). In

thered world, there dso exist context-dependent limits that are more @nstraining than
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the maximum theoreticd limit. These aise due to a number of fadors including the
quality of materials avail able, design trade-off s and aganisational constraints (e.g. cost

of materials) that are required for a particular applicaion d the techndogy in question.

One example of atheoreticd constraint is the Betz limit, which states that, for any
wind energy device the maximum fradion d the power that can be extraded from a
moving air massand converted to ather formsis 59.3% (Boyle 1996,BWEA 2002. No
wind turbine can exceal thislimit. In pradice, most commercial fixed pitch turbines
(around 600800 RN size) achieve aound 204 efficiency with extralosses occurring
within the medhanicd transmisson and generator. Efficiencies are improving with the
introduction d variable pitch macdines, though ony where external fadors sich as
improved eledricity purchase agreanents arein place(i.e. in situations where cntext-

dependent constraints have been reduced).

It isinteresting to nde that the innovation processdoes not always proceead towards
an optimum solution. In some caes, techndogicd solutions which were developed to
solve one set of context-dependent constraints predude further development oncethose
constraints have reduced or disappeaed; the so-cdled ©lockn©. An example of thisis
the development of the ©qwerty© keyboard, which was developed for ealy typewriters as
away to avoid the type-hammers becming entangled. The devel opment of new types
of typewriter (e.g. ©goHball ©) and the worgbrocesor has removed the original
mechanicd problem. However, in the intervening time, the ©qwerty© keyboard has
bewmme the industry standard and is established in use. Its use has becme embedded
within the user network (and is expeded). Though more egonamic keyboards have

been developed, they are dfedively ©lockesbut© by user and aganisational inertia.

Asdrealy indicated, there ae strong links between Schumpeterian and Usherian

innowetion. Indeed, they can be considered cyclicd; "phases of incremental
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improvement are purctuated with short periods of radical innovation” (Weaver et al.
2000. Thisisbecause aradicd breathrough is normally foll owed by a period d

incremental improvement.*®

Tedhndogy Diffusion

Tedhndogy diffusionis the processwhereby markets adopt a new techndogy over
time. There ae two forms; pure diffusion where the new techndogy performs anew
function and replacement diffusion where anew product or processreplaces an existing

techndogy to perform the same task.

Typicdly anew techndogy (in the widest sense with social dimensions as well as
technicd hardware aspeds) isinvented to perform anew task or increase the dficiency
with which an existing task is acampli shed. If recognised as having good market
potential, the techndogy will be demonstrated, promoted and may be taken up ty initial
markets.>* This may be within amarket niche, alimited market for which the new
product/processis particularly suited. At thisinitial stage of diffusion, vdume
production remains gnall and costs are therefore mrrespondngly high. For this reason,
market niches most often occur where the inhibitory effed of a price premium isless

important2,

Once anew techndogy has been launched, the spead of improvement usually
follows atypicd trajedory that has been olserved for alarge range of disparate
tedhndogies. This pattern o incremental change foll ows an ©S&aped curve, with a

slow initial improvement whil e volume sales are low, followed by an accéerationin

%0 patterns of innovation can be modell ed mathematicdly using the amncept of aLorentzian atractor.
These deterministic and dynamic systems exhibit relatively long periods centred around an ©attrador©, and
shift to new centres of adivity at intermittent (and unpredictable) intervals.

v any new inventions take decales or longer to even read this dage. Although Grove developed the

fuel cdl in 1879 it is only now being considered for large-scde use in automotive and power generation
applicationsin the ealy 21st century.
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development when the market expands and the simplest modificaions are made. The
diffusion then continues with alinea phase & the product matures and eventually levels

out as atechnica or context-dependent limit i s approaded.

Thetypicd time for anew techndogy to expand from 1% to 50% market share has
been studied by Marchetti and Nakicenovic (1979. Although thisis techndogy-
dependent, "in the case of road andrail transportation systems, these periods are
typically of the order of 55-65 years. Thisfindingisimportant asit pointsto the long
lead-times neaded when preparing for techndogical changg, which are significant when
wanting to use techndogy to reduce eawvironmental burden” (Weaver et al. 2000.

Figure 3.1: 'S shaped dispersion curve
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The Role of Users

Empiricd reseach by Rogers points to the importance of users (organisational and/or
individuals) within the diffusion process(Rogers 1971). Rather than merely ading as
passve redpients of new products or services, the perceptions, beliefs and behaviour of
users drongly determines the successor otherwise of an innowation. Indedd, if surveyed

at an ealy stage, user feedbadk can be used as an invaluable todl to fadlitate the

52 Many of the first renewable energy systems have been installed on islands and remote communiti es
where agrid connedion is unavail able. Asthe existing options were themselves relatively expensive
(importing fuels), the pricedifferential of renewables was lessof a disincentive to install ation.
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diffusion process One example of the importance of user acceptance can be seenin the

marketing of cleaner fuell ed vehicles described by the candidate who writes:

"To dae, there has been littl e attempt to ascertain the pullic’s knowledge-base
regarding these new vehicle techndogies. If CFVs [cleaner fuelled vehicles] are
to succed in the wider marketplace promoters will need to haveat least a
rudimentary idea of how these new techndogies will be recaved. Policy makers
too,will be greatly asssted in their efforts to introduce CFVsif the aurrent leve
of general knowledge and undrstandng d the techndogies employed is fully
appredatedys Ascertaining users’ understandng d the environmental impact of
roadtransport will help predict how paential consumers will i nterpret new
information concerning new vehicle types and hav this may affed patterns of

consumer behaviour” (Lane 20000H).

By studying the history of alarge number of techndogies, Rogers distinguished
five cdegories of adopters who were invalved in successve stages of the diffusion
process(Rogers 1971). Thefirst individual users of anew techndogy are referred to as
innovators. These aeindividuals who are ather willi ng to pay premium prices,
purchase the product/servicefor businessuse or are in a pasition where they have dove
average nedl of the new techndogy. They are not representative of the market as a
whole and are uniquely motivated. Typicdly, they make up around 2.86 of the
popuation. The next sedion d the popuation (around 13.506) isthe early adogers,
who like the innovators are willi ng to pay over the odds for anew product/service
Unlike the innovators, they are more representative of the popuation as awhole but are
charaderised by their high earning potential, status, educaion and influence. The next
two groups are the early andlate majority who ead represent aroundathird of the

popuation. The ealy majority will assessthe pros and cons of the new techndogy for
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some time before gpropriating it for their own neads. The late majority will only do so
oncethey areforced to by either econamic necessty and/or increasing social presaure to
doso. Findly, the laggards (16%) will adopt the tecdhndogy. However, they may be
suspicious abou the nature of the advantages off ered and may continue to question the
suitability of the techndogy for their neals. By the time they have acceted it (if they
eventualy do), the new techndogy may itself have been superseded by ancther

innovation.
Niche Competition

Aswe have seen, atedindogicd regime is a system in dynamic equili brium. It stability
arises from the interrelations of alarge number of tedhndogies which share
comporents, energy transformations and infrastructures. This mutually suppative
network can be termed atedhndogy duster. For example, there is a multit ude of
devices that utili se the semi-conductor for digital processng. Any new innovation using
thistechndogy isimmediately suppated by (and strengthens) the existing digital
regime. Therefore, the concept of a duster explains both the stability of the existing

regime, and why some inno\ative tecdhndogies are discouraged from devel opment.

An understanding of the diffusion d new tedindogies can orly be adieved
through consideration d the interadion d tecdhndogies within the existing regime.
These techndogies may either be in competition a may be mutually suppative. In the
latter case, a duster of new related technd ogies may evolve, to the extent that the dfed
of their combined introductionis gronger than their effed in isolation. Thisis espedally
the cae when aregimeisin transformation as a regime shift may only be passble
through the synergy of a number of techndogy transitions that reinforce eab aher to

gain enough of afoothold to challenge the existing regime.
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Often, it isthe cae that a number of aternative techndogicd approaches chall enge
the existing regime simultaneously. This has the dfed of wegening their impad and it
isto the advantage of the status quo. This can be seen very clealy within the transport
sedor where, as 1own in Chapter 2, severa cleaner fuels and vehicles techndogies are
simultaneously seeking to gain a market niche. While some of these ae synergistic
(those designs which share simil ar eledric drive trains), many are in dred competition
with eat aher, aswell aswith the existing fossl fuel/internal combustion engine
regime. The interadions and competition ketween threetypes of eledric vehicle shal be

discussed in Chapter 5.

Aswe shall seein later sedions, an eff edive techndogy implementation strategy
needs to take into acoun the cnstructive and destructive interference between parall e

developments of new techndogies. Indeed, as nated by Weaver:

" Schumpeter linked the periods of rapid growth andrestructuring to the
introduction o clusters of synergistic innovations, which were, in their turn,
resporses to therediredion d creative dforts away from old solutions where
diminishing returns had dready set in andtoward the discovery of new solutions

andthe aeation d new markes' (Weaver et al. 2000.

3.1.2Conventional Models of Innovation

A number of models have been developed for usein understanding the innovation
processwith aview to suppating the anergence of new products and services. Over
time these model's have been extended and refined to acourt for all the fadors and
stakehalders invalved in the complex processof bringing anew innowetion to the
market. Retrospedively, these models have been categorised acarding to their level of

complexity.
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Early linea models, such as the first generation Techndogy Push model, identified

the foll owing stages as the key phases of the innovation process basic science, reseach
and cevelopment, design, engineeing, manufaduring, marketing and sales. In essenceit
asumed that the innovation processfoll owed the dirondogicd progresson d a
product/service from ideg through manufadure to delivery. The defining feaure of this
model (andits weaknesy isthat the user/consumer is a passve redpient of the output.
In ony avery few cases (the most simple and urchallenging) isthis model acaratein

charting the innowation path.

Aswe have agued ealier, market readion (anticipated or otherwise) isvery
important in product development and a succesful marketing strategy often depends on
closely monitoring user acceptance (which may be difficult to quantify for radicd
innowetions). In resporse to the deficit of Techndogy Push, the second generation
Market Pull model includes and integrates user opinion within product development. In
asingle feedbadk loop, this approadch assumes that market needs drive innovation
development, which, through the manufaduring process generates product sales. Asits
name implies, Market Pull isinitiated by ademand a aned, either for anew serviceor
for increased efficiency in delivering an existing service For example, the dmost
insatiable human need to communicate has asgsted the development of the mobile

phore in spite of the existence of a mmprehensive landi ne network.

In redity, bah Techndogy Push and Market Pull forces are adive drivers of
tecdhndogy development, the importance of ead depending on the particular
innowetion. Techndogy Push tends to be the prevalent model in cases where anew
approach delivers a servicethat was not previously envisaged. (One exampleis menu
operated computer software that was famously rejeded by IBM and which was later

used to define Apple mmputer products; an approach now adopted by amost all
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popuar progranmes.) The innowation pettern of many products may be initially
dominated by Techndogy Push (e.g. the development of the internet for military
appli cations) and then driven by market demand orce anew need becomes widespread

(e.g. the exporential growth of internet use for e-mail communicaions).

One dement nat represented within these linea models of innowationis the
constant interchange of ideas and demands between the product development teans and
the marketplace Indeed, some new ideas may originate from users, which are then
refined by product designers. Furthermore, credive ideas can occur at any point in the
production processand well-managed companies capitali se on these wherever possble.
In combining these nonlinea innovation peths, we arive a athird generation model,
one that more acarrately refleds the ammplexity of the red innowetion process This
includes push-pull combinations, sequential and feedbadk loops, R&D invalvement and

marketing in an endessiterative innovation grocess

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

Tec:r?::ugy State of the Artin Technology & Production }

Idea Prototype X Marketing Market
Generation I]euelnpment}{-}[ Production Niankitacturing and Sales Place

Needs of Society and the Market Place }

It ispossble to develop these models further to more fully represent the processes
at work inthered world. Thisis achieved by including strategies employed and
exploited by most large wrporations. In fourth generation models, the feedbadk loops
linking the production processwith the marketplace ae expanded and extended to

include integrated development teams, the involvement of |eading-edge/ealy adopters
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andthe formation d corporate partnerships. As we shall seein later sedions,
commercia partnerships provide an esential strategy in promoting new tedindogies

that are unsuppated and resisted by the dominant regime.
The Next Generation

The objedive of developing an acarate model of innowationisto knowv how best to
suppat innowation processes that will result in the introduction d more sustainable
tedindogies (in this case sustainable modes of transport). At the @rporate level, the
models of innowetion previously discussed can usefully be used in analysing existing
strategies. However, they are nat sufficient in themselvesto dred the design of new
promotion strategies. For example, though we may wish to use an approach which
employs an element of the Techndogy Push model, the model givesus noindicaion
which techndogies are most worthy of suppat. More problematicdly, it may never be
possble to knov which techndogy to pwsh! Furthermore, we caana rely on the market

to demand products that have yet to exist.

To make matters worse for the strategist, techndogicd solutions which radically
reducethe environmental burden are likely to require amodification d the arrent fossl
fuel ICE regime. Thisis beyondthe resources of any one @urtry or company due to the
scde of the transformation required. If aregime change isto be dtempted (in the long-
term), the scope will haveto be mmprehensive andislikely to include aspedsthat are
outside the boundxries of theinnowation processes discussed previously. For example,
though there ae proven vehicle techndogies that can deliver environmental benefits
andthereis at least some demand for cleaner vehicles, the processrequired to transform
the eisting regime will require (at the very least) regulatory and pditi cd suppat. This
involvement is not dependent on the innovation processas discussed: rather it shapesits

development.
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This suggests that, if we ae to succesgully manage innovation, we shoud move
the focus of the strategy from the most appropriate techndogicd solution (which may
remain unknavable) and focusinstead onsuppating the innovetion process As dated
by Weaver, "The role of government shoud be to try to influencetechndogical and
devdopment trajedoriesindredly, by facilitatinginnovationin resped to the
innovation processitself, rather than pcking ©winners&(Weaver et al. 2000. This
argument implies the need of a new approac to technd ogy management; one that
includes not only the stakehalders in the market econamy (producers and consumers),
but also the dedsion makers (padliti cians, government agencies, standardisation bodes,
NGOs, etc.). Furthermore, we require an innovation todl that asssts with strategy design
in away that goes beyondthe models already introduced. The new approach neelsto

have the foll owing charaderistics:

Be open ended (does not prescribe the most appropriate techndogicd solution);
Develop seledion criteria against which competing solutions can be compared;

Invalve partnerships beyond corporate boundiries (users, pdicy makers, etc.).

We therefore arive a& what is esentialy a systems approach to innovation, ore that
is processrather than content orientated. Management in this context involves
suppating innovation itself (rather than a particular product) and developing aseledion
processthat promotes the most appropriate solutions. In this way, we adieve the
objedives of stimulating (rather than favouring) new techndogies, delivering the ©best©
solutions (acrding to agreed criteria)® to the marketplace ad engaging a social

network sufficient to suppat long-term techndogy change.

Constructive Technd ogy Assessment

%3 For the purpaose of thisthesis, ©best© means the ©most sustainable© as defined in Chapter 1.
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The techndogy management approad that is advocaed by thisthesisis drawn from
ideas developed by Constructive Techndogy Assesanent (CTA). Thisisan analyticd
tod developed in the 19805 within the Dutch government and first puldi cised through
the Netherlands Organisation d Techndogy Assessnent (NOTA) (Schot and Rip
1996. CTA was aresporse to the institutional separation d tedhndogy-promotion from
regulatory control in that courtry. It aimed to addressthisisaue through the integration
of al stakehaoders within the techndogy design process The objedive was to develop
"realistic strategies for managng techndogy in society’s[which] consider impacts
already during the devdopment of the tedhndogy, involve users and dher impacted
commnunities and contain anelement of social learning in how to co-producetechndogy

anditsimpacts’ (Rip, Misa and Schat 1995.

Part of the CTA approad isto strengthen oppatunities for sscond-order learning
to ocaur. Thisis defined as the processof “ clarifying values andways of relating values
to each other™ within the partnership network surroundng the new techndogy (Schot
and Rip 1996. This extends the more usual first-order leaning that concentrates onthe
achievement of the original goals. To promote seand-order leaning, CTA advocaes
widening the discusson to include more partners than are usually considered as part of
the design process The gproad focuses "expli citly on the impli cations for broadening
the processs of techndogical devdopment, on oppotunities for societal learning, and
new ways to manage techndogy in society” (Rip, Misa and Schat 1995. In addition,
CTA extends the remit of the techndogy impad asssament. It achieves this by forming
an integrated techndogy development analysis, which includes issues usually
considered ouside the boundries of theinnowation process Theseinclude
environmental impads, user attitudes, market acceptance, social leaning, regulatory

isaues and stakeholder expedations. In thisway, amore redistic model is developed,
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one that acarrately acourts for the suppative and inhibiting forces affeding

tedhndogy development.

Acoording to Schot and Rip, CTA can be implemented through the use of three
inter-related strategies. These ae techndogy forcing, stimulation d alignment and
strategic niche management (Schot and Rip 1996§. Techndogy forcing is the inverse of
tedhndogy push, whereby the performanceof atechndogy is gedfied, rather than the
techndogy itsdlf. "In techndogy forcing by regulation, desired impacts are stipulated;
for example, levds of palutantsin motor car exhauwst gases’s'. The challengeisfor
tedhndogies to satisfy these prescribed requirements. A significant example of this was
the 1998Cadlifornia Sales Mandate, which stipulated that 2% of al vehicles ld in the
State had to be zero-emisson wehicles (ZEV's). Whil e the regulation was well
motivated, it did nd succeal in stimulating atechndogy that could deliver ZEV at
reasonable st to the awnsumer. In this regard, the forcing failed.>* Thisill ustrates the
general problem with techndogy forcing, namely, “how can a gwernment articipate
what are the reali stic requirements ontechndogy ye to be devdoped?’ (Schot and Rip

1996.

The stimulation d alignment propased by Schot and Rip focuses on strengthening
ingtitutional linkagesin arder that second-order learning is more likely to occur. In this
regard, the gpproach extends the processof marketing already employed by more
enlightened companiesin product development. “ Test labs andtrial have become an
accepted activity of the tedhndogy deveopers, rather thansending rew products out
into the seledion environment immediately” (Schot and Rip 1996. Within the UK

automotive sedor, such an ingtitutional forum has been set up to investigate the

>4 However, it should be noted that the Mandate was siccesgul in stimulating the level of R&D into
zero-emisson (and low-emisgon) vehicles, including bath battery, fuel cdl and hybrid eledric vehicles.
To some extent it also acceerated their commerciali sation. In relation to fuel cdl vehicles, this point will
be developed in Chapter 4.
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potential of cleaner vehicle tedindogies. Thisisthe Cleaner Vehicle Task Force
established by New Labou in 1997(DTI 2000. (Some of the findings reported in this
thesis are based uponreseach conducted by the candidate for the Report of the

Alternative Fuels Group d the Cleaner Vehicle Task Force)

Whil e these two strategies (techndogy forcing and stimulation d alignment) are
constructive, they do nd in themselves form a mmprehensive management toadl. They
succeel in avoiding the techndogy push approach and romote widening the dedsion
processin the development of new tedndogies, bu they do nd addressthe isaues of
techndogy suppat mechanisms (i.e. subsidies), na do they smoath the transition from
product trial to product sale. For these reasons, Schot and Rip introducethe third

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

Strategic niche management accepts that, in order to become establi shed, new
tedhndogies often require some protedion from market forces. They require %a safe
nichein an dherwisetoo hash seledion environment” (Schot and Rip 1996. To
achieve this, SNM introduces the use of proteded spaces or techndogical niches,
within which new tedhndogies can be tested and in which second-order leaning can
occur. Within the niche, it employs the use of performanceled criteriawith which to
asesstedhindogies (avoiding techndogy push). It also aimsto buld effedive
partnership networksin order to avoid the faili ngs of the performanceled (forcing)
approad. Furthermore, to avoid the danger of over protedionthat can lead to
aexpensivefailures’, the SNM strategy includes the staged phase out of protedion
measures over time. In these regards, strategic niche management is a cmprehensive

tecdhnd ogy management toadl, ore that will now be discussed in further detail .
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3.1.3Strategic Niche Management Theory
Severa reseach groups have focused their eff orts on rew techndogies and approadiesto
innovetion management appli ed to the road transport sedor. One particular programme
was establi shed to develop and test the new management tod Strategic Niche
Management (SNM). In 1996 reseachers from aroundEurope® embarked upona
major coll aboration entitl ed, Srategic Niche Management as a Todl for Transitionto a
Suwstainabde Transportation System Projed (19961998. The projed was suppated by
the European Commisgon (DG XII) within the aea©Human Dimensions of
Environmental Change©; part oftte RTD Programme ©Envonment and Climate©. The
focus of the study was to investigate measures to overcome the under-utili sation o

more sustainabl e transport technd ogies (Hoogma 1999.

Although guided by the reseach team, the programme involved interactive leaning
between reseachers and praditionersin the transport sedor (forming a Europe-wide
reseach network). The international team of researchers had badgrounds which ranged
from acalemiato industry, from natural sciences and engineaing to econamics and
social sciences. Working closely together, the network devel oped the theoreticd
approach (SNM) and applied the todl to thirteen cases of adual alternative mobhility
experiments. These cae studies were then used to test and refine the theoreticd
framework and to investigate its utility as atod for suppating the introduction d new
transport concepts. One of the final products of the projed was a guidebookonthe

management of new innovations. The Workbodk for Srategic Niche Management was

% Indl uding: Dr. Johan Schot and Remco Hoogma (Projed Coordinators), University of Twente, The
Netherlands; Dr. René Kemp, Maastricht University, The Netherlands; Dr. Kanehira Maruo, University of
Gothenburg, Swveden; Dr. Birgitta Schwartz, Department of the Environment, Swveden; Dr. Gerhard
Pratorius and Dr. Karl-Heinz Lehracdh, reson (Regiond Devdopment Agency for Souheast Lower
Saxony), Germany; Dr. Bernhard Truffer and Sylvia Harms, SnissFederal Ingtitute for Environmental
Science, Switzerland Dr. Stephen Potter, Ben Lane & Colin Blad, The Open University, United
Kingdam; Benoit Simon, CIRED, France Dr. Per Sorup and Dr. Matthias Weber, Institute for
Prospedive Techndogical Sudies, Sevill e, Span.
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co-authored by Weber, Hoogma, Lane and Schat (Weber et al. 1999. The aiteriafor

inclusion d a cae-study within the SNM projed was that it demonstrate one of

Passenger and/or freight transport innovations.
New transport tedindogies (fuel, vehicle, infrastructure, telematics).

Existing transport techndogies used in anovel way (new appli caions).

The transport innovations could be ather still i nthe R&D phase or those ready for

market introduction. The 13 cases gudies included:

Stimulating the Market for Light Weight Eledric Vehicles: The experienceof the
Swiss Mendrisio projed.

The Emergence of a Nation-wide Car-sharing Co-operative in Switzerland.
Introduction d Automated Zone AccessControl in Bologna, Italy.

Towards Autonamous Railroad Trucks: Rail freight transport innowationin
Southeast Lower Saxony, Germany.

Promoting Eledric Vehiclesin the United Kingdom: A study of the Coventry
Eledric Vehicle Projed, UK.

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

MOVE-INFOREGIO: Implementation d aroad traffic information projed in the
Hanowver region d Germany.

Operation d Eledric Road Vehiclesin Germany: Investigation d seleded
examples, Germany.

Truckson Trains: A comparison d two ‘Rolling Highway’ experiments in Sweden.

An Outsider Initiative in the Emerging EV Market: The PIVCO adventuresin
Norway and California.

Praxitéle: An experiment with self-servicerented eledric vehiclesin France
The La Rochell e Experiment with Eledric Vehicles, France

The Bikeabou Experience An automated smart-card operated bike pod scheme,
UK.

The Srategic Niche Management Approach

The following sedions will provide adetail ed description d Strategic Niche

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

Tedhnological Regime - "The whole mmplexof scientific knowledges, engineeing

practices, production processtechndogies, product characteristics, skill and
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procedures andinstitutions andinfrastructures that make up the totality of a

techndogy" (Weber et al 1999.

Experiment - synonymous with demonstration rojeds. However, the word
O©experiment© isused dueto the asociation with the laboratory where ahigh degreeof
leaning is condwcted and expeded. Demonstrations often predude learning and may

only be amed at convincing others of the usefulnessof anew solution.

L earning - the ams of an experiment go beyondthaose of a demonstration in that
they are seeking to lean from mistakes and successes in addition to solely persuading
others of the viability of the new techndogy. An experiment in the full est sense will
encourage leaning at all | evels from manufadurer and users to government and

international agencies.

Proteded Space- At the experimental phase, market forces governed by the
existing regime ae unable to suppat the new techndogy. Thisisthe cae whether or
naot the innovation eventuall y succeels in the market. Therefore atificial suppat
medchanisms are required; these form the proteded space Protedion may be provided
through a variety of means including financial suppat, time investment and regulatory
presaure (e.g. EU regulated emissons legislation). An esential part of the SNM
approad is the strategic phase-out of the protedion measuresin order that market

seledion can ocaur.

Tedhnological Niche - aproteded spacewithin the existing maao-econamic
framework where anew tecdhndogy can be tested and demonstrated as aviable
aternative to the dominant techndogy of the existing regime. Within this niche, the
tedhndogy demonstration forms part of an experiment which is devel oped to increase

its chances of redising market patential oncethe protedion fadors have been removed
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(Kemp, Schot and Hoogma 1998. A techndogicd nicheis charaderised by the

techndogy under development, a partner (ador) network and a spedfic goplicaion.

Market Niche - a proto-market within which the new techndogy is un-proteded by
artificial suppat measures andis commercially viable. However, the market islimited
and the innowation can orly survive commercially within a spedali sed market or

applicaion.

Regime Shift - asuccesgul proliferation d techndogica niches and market niches
resultsin the transformation d the existing regime. For example, for the transport
sedor: ashift in the dominant transport techndogies (technicd and social aspeds) and a

change in mohility patterns (modal shift, change in demand).
Strategic Niche Management has been defined as:

"the orchestration d the devdopment andintroduction d new techndogies
throughsetting up aseries of experimental settings (niches) in which actors learn
abou the design, wser nedls, cultural and pditi cal acceptahility, and dher

aspeds' (Schot andRip 1996.
It has also been defined as;

"the aeation, cevdopment andcontrolled break down of test beds (experiments,
demonstration rojeds) for promising new techndogies with the aim of learning
abou the desirahility (for example in terms of sustainahlity) andenharcing the

rate of diffusion d the new techndogy” (Kemp, Shot andHoogma 199§.

Strategic Niche Management is therefore adeli berate d@tempt to make the -
production d techndogicd options, use, pdicy measures and sustainable devel opment
visible and productive. It amsto help adors negotiate and explore various

interpretations of the usefulnessand condtions of application d techndogica options.
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Thus, SNM highlights choices and ogions with a view to making the introduction
processtransparent. In thisway, all parties (including produwcers, users and pdicy-
makers) are involved and can contribute to the diffusion process As explained in the

Workbook

"The devdopment of the SNM perspedive @n e percaved as an atempt to ¥4
[devdop] a practical approach, on hav to start early diffusion processesleading
to greater integration d new tedindogies andtheir eanamic, social and
environmental context. Thisisin linewith dscusson onthe European
Commnisgon®©s Fifth Framework Program with its emphas on citi zens© needs, and
a better exploitation o R&D outputs by means of demonstration projeds and

tecdhndogy transfer activities' (Weber et al. 1999.

Strategic Niche Management is therefore anew innovetion tool and analytica
model. It extends ideas within the innovation models by including analysis of non
technicd aspeds sich as environmental impads, user attitudes, market acceptance,
social leaning, regulatory framework and government palicy. Applied to transport, it
aims to encourage techndogicd innovations (in the widest sense) that can asgst the
transition to a sustainable transport system without itself identifying the most
appropriate solution. Insteal, the seledion processisitself part of the strategic tod, the
approad taking its lead from natural seledion and the theory of evolution: i.e. the

survival of the ©best© productsin afreemarket environment.
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The Role of the Tedindogical Nichein SNM

In SNM, the techndogicd nicheis charaderised by: (a) atedindogy under
development, (b) a spedfic goplicaion and (c) a spedfic network of partners. In this
way the niche is defined in terms of itstedhnicd aspeds, its utili sation and its ocial
suppat system. This approach isin acordancewith the definition o techndogy in its
widest sense (as discussd at the start of sedion 3.J) including both material and socia
elements. Throughou SNM, we shall use these threedimensionsto define and

charaderise therole of the niche and the experiment in techndogy innowetion.

The techndogicd niche delineaes the proteded spacethat defines the new
innowetionin itstotality. Individuals, business organisations, government agencies and
otherswho have avested interest in promoting the techndogy provide atificial suppat.
In thisway the niche is dabili sed and proteded from the ravages of the open market.
From an SNM perspedive, the proteded enclave enables leaning to occur at al levels
(technicd testing, market surveys, assessment of current legislation, etc.). Thiscan
occur at theindividual, corporate, governmental or international level. Lessons derived

from this phase will be invaluable if the techndogy isto survive outside the niche.

It isimportant to nae that the boundaries of the niche ae not charaderised solely
by the geographicd locaions of the experiments, or even the experiments themselves.
Rather the niche is defined by the total knowledge base and the aqjuired skill s of all the
partnersinvolved in developing the techndogy with aview to commercialisation. This
would include the physica experiments themselves but also the extended human

networks that have been formed, withou which the experiments would na be passble.

Of particular importanceto SNM isthe phasing out of protedion. Indeed, the
esenceof this management tod isthat asuppat (including exit) strategy is planned

from an ealy stage so that incentives are introduced, maintained and then removed in a
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premeditated manner. Thisis designed to ensure that al techndogicd solutions are
given afair chancefor leaning to occur, bu that ultimately they have to compete within
the marketplaceif they are ather to find a permanent market niche, or are to challenge

the existing regime.
The Role of Experimentsin SNM

A techndogicd nicheis comprised of one or more experiments. As with aniche, eah
experiment will have defining charaderistics that include (a) atechndogy under
development, (b) aspedfic goplication and (c) aspedfic network of partners. The
experiments are the atual projeds (seelist of case-studies above for examples) in

which new techndogies are suppated, tested and in which leaning can occur.

More often than na, several interrelated experiments will comprise atechndogicd
niche. Asis shown in the next sedion with the battery eledric vehicle niche, similar
experiments are often condwcted in paral el in dfferent countries. These can be
considered as new leaning oppatuniti es (and therefore separate experiments) as they
occur within dfferent regulatory environments, are suppated by unique social networks
(with varying expedations), or may be testing diff erent techndogicd variants (e.g. the
use of Ni-Cd as oppased to lead-add tradion ketteries). Figure 3.3ill ustrates the

relationship between experiment, niche and regime.

Figure 3.3: Relationship of experiment, tedhnological niche and regime within SNM
™
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Experiments may give rise to testing programmes in which a series of experiments
is developed, eat focusing on a different asped of leaning. Other testing programmes
may also affed experimental outcomes 0 that their leaning interferes with ead ather.
Through this complex interchange of spedfic lessons andideas, general principles may
bemme gparent which, hogefully, leal to a mnsensus for a particular technd ogy.
Hence expedations regarding new solutions can emerge, thereby strengthening the cae
for or against a new innovation. Therefore, SNM can be seen as atod that endeavours
to asgst in bulding techndogicd niches for new innovations (to enhance second-order

leaning) through smart experimentation.
The Effed On The Existing Regime

Acoording to SNM, the innowation rocessbegins with asmall number of experiments
in which leaning occurs. If expedations are maintained or rise, further experiments
may follow. Taken together these experiments define the techndogicd niche, whichis
ableto exist through external suppat. The leaning experience may show that there ae
market niches in which the innowation can survive in the marketplace If these ae
exploited and the protedion measures are strategicdly removed, techndogicd niches
give way to market niches. If the product is successul in several market niches, they
may expand and merge. The product will have adieved its commercia goal. Other
outcomes are that the product remains only within a market niche, or the innovation will
continue to require protedion indefinitely. Alternatively, the niche diminishes over time

andtheinnowtionfalil s.

If the market niches expand and/or merge and begin to compete with the dominant
tedindogy within the eisting regime, aregime shift may be possble. However, as

noted within the SNM Workbook
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"Swch a lroadchange @annda be brought abou by niche devdopment only, let
alone SNM. If it takes place, it will be the result of a combination o successul
S\M, niche devdopment and aset of other factors such as exhauwstion o
perceaved tedhndogical oppatunities within the dominart regime, a damatic
change in energy prices and government palicies andthe emergence of a new set
of values which incorporate sustainahlity. SNM isa crucial asped of this
complexprocess Aboveall, it setsin motion atransition pah that will help

sustainale transport techndogies hit the road' (Weber et al. 1999).
Strategic Issues within SNM

As mentioned above, SNM operates (as an analyticd and management todl) onthree
levels; the experiment, the techndogicd niche and the techndogicd regime. Each o
these levelsis charaderised by (a) atedindogy, (b) aspedfic gplicaionand(c) a
spedfic network of partners. For example, in the cae of a badk-to-badk LPG/diesel bus
trial, the LPG internal combustion engine bus would define the techndogy, and the
network would be the cmpanies and pubic bodes who are suppating the experiment.
Thiswould take placewithin the existing regime, which is charaderised by diesel ICE
tecdhndogy with a different constell ation o companies and fuel supgiers. In this case,
both the experiment and the regime would have the gplicaionin common, whichisthe

pubdic transport sedor.

However, though the defining parameters may be the same, the strategic issues
within eat level are very different (seeTable 3.1). The isaues regarding the experiment
are primarily concerned with successul experimental design (good partner network,
planning, puMdicity, etc.). Issues surroundng the techndogicd niche ae more focused
onleaning, expedations, and competition with ather techndogies. Within the regime,

the dominant isaues concarn the environment in which the nicheislocaed. These ae of
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barriers to the techndogy, pdicy and regulation, market niche development and the
posshility of aregime shift. Therefore, afull analysis of an innovationwill span the
threelevels (experiment to regime) and include adiscusson d al the dowveisaies. In
thisway, SNM can acourt for most of the significant driving and inhibiting forces that
are & work throughou the innowetion process The discusson d these key issues charts

the progressof the innovation from initial concept, to experiment, to niche, to market

and beyond.
Table 3.1: Strategic isaieswithin the experiment, technological niche and regime
SNM Defining Dimensions Strategic Issues
Experiment Expedations
- Application - Spedfic Leaning
Experiment - Technology - Experiment Design
- Support Network - Experiment Suppart

Experiment Evaluation

Evolution of Expedations

Technologicd - Applicaion . ngeric Learr?ing
Niche - Technology - Niche Protedion
- Suppart Network - Niche Development
Niche Competition
Market Barriers
- Application - Market Niche Development
Existing Regime - Technology - Market Acceptance
- Suppart Network - Policy and Regulation

Effed on Existing Regime

Retrospedive and Prospedive use of SNM

The analyticd framework provided by strategic niche management can be used in ore

of two ways:

As aretrospedive andytical tod.

As a prospedive managgment tool.

SNM isuseful as an analyticd tod in understanding the historicad developmental
path(s) of an existing innowetion that has aready succeeled in achieving aregime shift
or has founda market niche. Alternatively, it can provide insights as to why an

innowetionfail ed either due to its own shortcomings or the strength of the existing
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regime. It is through the analysis of previous cases that SNM has been developed and

modified to explain the developmental paths of previous techndogies.

Based onits siccessas amethod d analysis, SNM can also provide apowerful
management tood with which to design promotions drategies for new innovations that
have yet to reat the experimental or techndogicd niche stage. Successul
consideration d the strategic isaues can guide experimental design and assst niche
formation. Moreover, if there ae anumber of techndogicd niches competing for
ascendancy within the existing regime, SNM can asgst with managing competing
solutions. Thisit does by strategicdly enforcing, maintaining and removing protedion
measures. Introduction d protedion hesthe dfed of enabling al techndogicd niches
to generate sufficient learning, whil e its removal adsto seled the strongest innovations

most likely to successully chall enge the dominant regime.

3.1.4Application of Strategic Niche Management

Toill ustrate the patential of strategic niche management, the foll owing sedion uses
SNM to analyse an existing transport niche. The cae study chosen for analysisisthe
Coventry Eledric Vehicle Projed, which, in conjunction with ather battery eledric
vehicle (BEV) projeds, aimed to promote the commerciali sation d BEVswithin the

Briti sh transport sedor.

This £dion daws on aigina reseach which was condwcted whil e the candidate
was registered for a PhD. Modified extrads are taken from Promoting Eledric Vehicles
in the United Kingdam: A study of the Coventry Eledric Vehicle Projed, UK by the

candidate (Lane 1998&)).
The Coventry Eledric Vehicle Projed (CEVP) Experiment

The Coventry Eledric Vehicle Projed (CEVP) utili sed 14Peugeot ©106 Eledric© cas

and vans over the period 19971998.These replacel existing petrol and desel vehicles
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and were used by five organisations in the Midlands region d the UK. The vehicles
used were Peugeot 106 Eledrics (seeFigure 3.4), which utili sed Ni-Cd bettery
techndogy and DC Leroy Somer (20KW) motors. These were identicd in spedficaions
and performanceto the vehicles used within a previous BEV experiment at La Rochelle

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

Figure 3.4: Peugeot 106Eledric car
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The six partners who co-operated in the scheme were the Energy Saving Trust,
Peugeot Motor Company PLC, Coventry City Courcil, East Midlands Eledricity PLC,
Royal Mail Midlands and PowerGen PLC. With the exception d the Energy Saving
Trust, the partners ead used upto threevehicles (Peugeot 106 cars and vans) to
servicetheir daily transport needs, repladng conventional vehicle use. The partnership
network extended well beyondthe boundxries of the Projed itself (seeFigure 3.5). This
high degreeof connedednesswith ather projeds and dedsion-making agencies

suppated the projed agrea ded and was an important fador in its siccess

Peugeot and Coventry City Courcil had been dscussng the ideafor a Coventry
eledric vehicle projed sincethe ealy 199G. Peugeot were still | ooking to emulate the
French experiment at La Rochellein 1994 Prior to the CEVP, the partners had visited
Brusslsto seek fundng on at least one occasionfor the projed, passbly being funded
by the EU Thermie scheme. Applicaionsfor Thermie fundng in 1993andagain in

1995 fad failed largely due to aladk of the partners© experiencewith oltaining grants
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from the EU. Initia plans for a Coventry experiment included the posshbility for a ©seH
serviceO style experiment whereby afled of 8 vehicles could be rented ona short-term
basis, very much like the Liselec projed in La Rochell e, France Due to financia
constraints, subsequent projed designs becane lesstechnicdly ambiti ous, the final

proposal involving aflee demonstration d existing Peugeot 106 Eledric vehicles.

In ealy 1996,Jonathan Murray of the UK Government©s Energy Saving Trust
approadhed Peugeot and Coventry City Courcil propasing to assst with fundng,
knowing of their long standing wish to demonstrate aBEV fled. At the time, the Trust
was eking potential pil ot schemes for the then proposed PowerShift programme and
needed a portfolio of projeds for ministerial approval. Subsequently, CEVP did indeed
beame one of the pil ot projeds within PowerShift, final approva being granted by the
Department of Transport in September 1996.The CEVP was annourced at the annual

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

Figure 3.5: CEVP partner network (as of 1998
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Thefina project cost around £400,000which was part-funded by the Energy

Saving Trust (set upto assst in reducing the UK©s energy use and greenhotse gas
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emissons). As one of the pil ot schemes, the 14 BEV s within the Coventry projed were
leased to the partners for the priceof a mnventional diesel version. The projed
monitored the extent to which BEV's can reduce urban air pall ution by recording overall
energy consumption and the projed users considered the on-road costs of the 106E in
red operating condtions. Thisinformation was then dsseminated by the CEVP and by

the PowerShift programme (EST 1996).
The overdl aim of the CEV P network was to:

"bring together a wide range of partners interested in promoting the role that the
modern eledric vehicle[could] play in improving the environment in the United
Kingdan'. The partners believel that "the time [was] right to seriously begin the
processof introducing zero pdlution vehicles into the UK urbanenvironment, in
a demonstration projed which [was expeded to] attract major attention and

awarenessof their benefits' (Lane 199839.

Acoording to the managing diredor Richard Parham, the CEV P was able to "test
whether eledric venicles [had aroleto play in practical businessuse”. Noel Bureau of
PSA saw the CEVPOs main am asensitising UK fled operators to the patential
benefits of eledric vehicles (Simon and Hoogma 1998. It was therefore inferred at the
time (Lane 199&) that, shoud the projed be asuccess Peugeot were hopng to market
the 106E in the UK (they were drealy avail able in France). The 106E was subsequently

made commercially avail able & predicted.
Experimental Design andEvaluation

The experiment was a successin confirming the techndogicd aspeds of the 106E and
its recharging infrastructure for aUK audience. However, this was not too surprising, as
the vehicle had been previously developed over many yeas by PSA. With the not minor

modification d having to produce aRHD version, the techndogy was already as
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demonstrated in France However, it was reasauring that the vehicle performed well in

the UK as elsewhere.

Royal Mail noted aminor shortcoming of the 106E. They foundthat the volume
cgpadty of vehicle for postal deliveries was too small. Consequently, this user feedbadk
was partly resporsible for the dedsion to commerciali se the dedric Partner Van
(available in RHD form from May 1998. Therefore, this ©fail ure© provided avauable

lesson regarding market preference

Those drivers new to eledric vehicles vowed agoodreadionto using the 106E for
the first time. Though their initial concerns were dou the vehicle©s range and ability to
keep upwith ather road users, following training or general use, most users increased
their opinion d the vehicle. For example, Courcill or Hodgson from the City Courcil
said, "I thougtt it was goingto belikea milk float but it was surprisingly nippy”
(Coventry Evening Telegraph 1997. Thisfollows a similar pattern as sen in previous

BEV experiments.

Energy use measurements were made on the 106E used in the ca-pod for Coventry
City Courxil. This vehicle had been recharged 56times and had required an energy
input of 311 KWh for a 1403 km mileage giving an average energy econamy of 0.22
0.27 WWh/km. According to Deeming of Peugeot, the "energy consumption[was] as
foreast... 2&kWh per 100km" (EVP 1997). Using a standard 13-amp socket, the 106E
re-charge time was around 6 hous, which at the night time pricetariff (©Econamy 70),
costs lessthan 40p(1996 pices). This provided afuel econamy of around 0.79MJkm

at a st of lessthan 0.7 gkm using night time dedricity (Lane 1998j).

One we&nessof the projed design was that the monitoring had na been set up
fully from the projed©siinitial stages. Although four vehicles were to dve had ©bladk

box© datdogging equipment from the start of the projed, these were only fitted 7
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months into the projed©s first yea. Thisturned ou not to be such a problem as the
CEVPran for two yeas, bu it might have been interesting for partners to have seen the
performance statistics of the projed©s ealy stages when the vehicles were still novel to

the users.

It isinteresting to question nd only the projed®©s successin fulfilli ng its goals, bu
aso the amsthemselves. Although the CEV P succealed onits own terms, could the
same be said for the projed©s organisation and strategy? Some commentators questioned
the dedsion d PSA to developaBEV that was esentialy a mnversion d a petrol
model. Thisresulted in avehicle which was relatively heary and which had alow range

in comparison with pupose-designed pue EVs.

Furthermore, PSA had already devel oped lightweight plastic body panels, which
had been succesully used in the Citroen BX19. The use of this material could have
reduced vehicle weight so improving energy efficiency and range. In their defence, it
shoud be nated that Peugeot were extremely methodcd in their staged development of
a ommercial BEV. They balanced the need for a high performance vehicle that could
attrad market share, with the padlicy of reducing financial risk by converting an existing

model and conducting athorough processof experimentation >
The Techndogical Niche (techndogy, apdication and mtwork)

In the narrowest sense, the Coventry Eledric Vehicle Projed itself defined the BEV
niche. The techndogy in the cae of the CEVP was the battery powered eledric vehicle

(as oppased to fuel-cdl or hybrid eledric), using rechargeable Nickel-Cadmium battery

%6 At thefti me, it was too soon to know whether this drategy was likely to be more or less siccesgul than
the more radicd approach taken by companies sich as General Motors (USA) and PIVCO (Norway) who
had gone badk to the drawing board to design advanced eledric vehicles but whose reli ability isless
certain. Inthe event, neither strategy guaranteed the emergence of a significant market niche - seelater
sedion.
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tedndogy with ad.c. motor drive train. The Coventry projed was suppated dredly

by six partners who comprise the spedfic partner network suppating the niche.

Two spedfic appli caions were present within the projed (freight or passenger use)
that refleded the uncertainty regarding the most promising initial market for BEV in the
UK. Acoording to SNM, the existence of two applicaions drictly impliesthe eistence
of two techndogicd niches. However, sincethe two appli cations were so simil ar, it
made more sense to continue to define the CEVP as one experiment within the single

(developing) niche.

Though it could be agued that the Coventry experiment formed a unique nichein
itsown right (aunique UK experiment at the time), there had been several European
projeds which had demonstrated and developed simil ar types of BEVswithin proteded
spaces not unlike the CEVP. Thisincluded the series of experiments at La Rochell e,
France, which were the most important and influential BEV projeds on mainland
Europe (Smon and Hoogma 1999. Therefore, if these experiments are taken together,
the Coventry projed is best considered as only one of many trials constituting awider
proteded niche for the development of passenger four-seder eledric cas and light-duty
vans using various battery, controll er and motor techndogies. Figure 3.6 daces the
CEVP within the extended proteded niche surroundng the development of small
European BEVs.

Figure 3.6: Position of the CEVP Niche
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The definition of the niche is further complicated by the fad that some related
experiments were completed prior to the start of the CEVP. These dso dffered dlightly
in their application, ador network or techndogy. Therefore the CEVP can be viewed as
one of anumber of projedsthat are based uponthe experience of previous related
experiments such as La Rochelle. Asthe experiments have esolved (with aims moving
from the techndogicd 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 aseries of BEV development experiments, the sum of which bah charaderises the

niche andforcesit to evolve over time (seeFigure 3.7).
Niche Protedion

All the partners gave agred ded of suppat to the projed. In dang so they were
providing protedionto BEV tecdhndogy and strengthening the techndogicd niche. The
protedion measures were in the form of financial suppat, time investment, regulatory
presaire (e.g. EU regulated emissions legislation and UK National Air Quality Strategy)

and pubicity. In particular, the partnership network provided the following suppat:

Peugeot (in the form of PSA)

Foremost in providing niche protedion through the development of the 106E -
investment predated the CEVP andinvolved over adecale of BEV development.

Commitment to the small BEV showing the potential that aright hand dive version
of the 106 might have for afuture UK market.

Designated maintenancefadliti esin Coventry base to operate vehicles.
The UK government

Financial suppat through the Energy Saving Trust©®owerShift programme which
subsidises the purchase of cleaner fuell ed vehicles by upto 73% of the alditional
costs. By March 1998, oer £20million d orders had been stimulated by the

programme.
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Coventry City Courxil
Promoted the projed by being a major high-profil e vehicle user within the CEVP.

Sought ways to restrict conventional car use to encourage people to switch to
Ogreener© modes of travel (one of which isthé&l).

Planned to provide re-charging fadliti es within the dty boundries to attrad new

BEV purchasers within the region.
Royal Mail

Very influential asone of the largest UK fled operators - RM invested much time

and money in aternative vehicle projeds snce 1988.

Showed the need for detail ed projed monitoring and led the implementation o

driver training.
PowerGen

Suppated the wider BEV niche: this can be seen by their adive invavement in the
CEVP, Camden ASTI and aher UK BEV projeds (Potter 1998) - the company©s

long-term aim was to be amajor supgier of fast re-charging techndogy (seesedion
2.2.4. However, after completion d the CEV P, PowerGen puled ou of this sdor.

East Midlands Eledricity

Provision d road-side rechargers and electric power - their involvement was
esentia in providing the first elements in an eedricity infrastructure that would be
esentia if BEVswereto bewidely used in the UK.

Niche Devdopment

Within the CEVP, no development of the tedindogy was intended within the ams of
the projed. This was becaise many yeas of vehicle testing had already been carried ou
in Franceduring the 198G and 199 in projeds such asthose & La Rochelle (Simon
and Hoogma 1998. Indedl, it was as aresult of this series of experiments that the
choicefor nickel-cadmium batteries and dc. tradion was first made, tedndogies that

charaderise the niche under review.
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However, within the wider techndogicd niche, of which CEVP isapart, we see
that (at the time) many adors were putting much effort into improving BEV tedhndogy.
In France anew set of experiments was initiated in La Rochell e including the Vedelic
Programme which aimed to display the "advantages andtednical progressof an
eledric vehicle eyuipped with a new type of a.c. motor adapted to attomobil e needs and
with alithium-carbon bdtery system, within the perspedive of an exploitation by 2000

(Simonand Hoogma 1998.

Regarding the applicaion, as of 1998, it was already clea which user-groups were
to beinitialy targeted for ealy marketing of the 106E, asno private individuals were
included as usersin the projed. Asindicated by the projed objedives, Peugeot saw
fleds asthefirst significant purchasers of BEV in the UK. However, if the niche had
developed as it has elsewhere in Europe, multi-ca households would probably have

been the next groupto be mnsidered by Peugeot as potential BEV owners.

The development of the BEV niche was also dli ed to new methods of car access
including car sharing and short-term car rental. Thiswas due in part to the high capital
cost of BEV's, which, together with their suitability to urban use, inhibited private
ownership. In 1998,Simon and Hoogma were of the view that, "eveything seansto
indicate that a new era of transport is garting” involving an integration d urbanisation,
mohility and environmental protedion. However, "such an oedivewill only be
reached throughthe complementary and hamonious devdopment of coll edive
transport and a rew individud vehicle reserved for proximity journeys, eledricity

bewming for both the privil eged source of energy” (Simon and Hoogma 1998.

Examples of projeds that have experimented with new methods of accessto BEV's
include the Praxitéle, CityCar and ©CyCalshort-term rental schemesin France and

Switzerland, which provide subscribers accessto four- or two-seder BEVs located at
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stations throughou a aty. They may represent the ultimate development for the BEV

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

Figure 3.8: The CyCab BEV short-term rental vehicle

Expectations of Technology

Prior to the CEVP, it was certainly afad that general expedations of BEV capabiliti es
before the projea were low due to the image of Briti sh milk-floats (of which at least
16,000continue to be used onaregular basis). For decales, the UK pulic has sen the
BEV asasdow and limited range vehicle reserved for spedfic tasks, na in any way asa
replacement for a cmnventional petrol or diesel car. It also seemsto be the cae that fled
operators were, onthe whale, largely ignorant as to the relative merits of aternative
vehicles and were unaware how to either purchase one or make an econamic asessnent
of an eledric vehicle. Therefore, ore of the desired effeds of the CEVP and d the
PowerShift programme was to change perceptions of the BEV by simply demonstrating

existing vehicles that are marketed elsewhere in Europe.

Within the projed, the expedations among the partners were ansistently high.
Peugeot were anfident that the 106E would live up to the expedations alrealy
generated by their French experience The Energy Saving Trust, while a&nowledging
the limitations of the vehicle, certainly saw the 106 as aviable BEV that could
adequately replace «isting vehicle types for some niche goplications. Coventry City

Courxil have dso na hesitated in using the vehicle within their fleeg and promoted the
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techndogy in its present form. In fad, al the partners were very paositive éou the
tedindogy and have high expedations of itsimpad during the projed. This highlighted
a ontrast of differing perspedives of the CEVP: high expedations of the proporents of
BEVs, bu widespread ignorance anong the puldic and flee operators as to the

cgpabiliti es of the latest BEV tedhndogy.
Niche Competition

A criticd fador that has aff eded the anergence of aBEV sedor (in the UK and
elsawhere) has been the competition from other cleaner tedindogies uch as hybrid and
fuel cdl vehicles. Though fuel cdl tedindogy has not yet been developed enough to
rival BEV's, hybrids on the other hand, rave dready achieved market redisationin
Europe. Therefore, Peugeot may find many private, fled and locd authority customers
turning to the chegper and higher performance hybrid alternativesinstead of BEVs. This
view was predicted in the CEVP Report already puldished by the candidate. "It may
turn ou that hybrids (and subsequently fuel cdls) may be the only threats to the success

of BEVE' (Lane 1998).

Sincethe publicaion d the CEVP Report, European sales of the Toyota Prius
(launched in late 2000 have dready overtaken BEV sales. As of mid-2001,European
monthly sales of the Prius exceal annual sales of al BEV models. However, since dl
these vehicle types share mommon comporents (battery and motor techndogy), then the
successof one type of BEV will asgst the introduction o the others. Therefore, even
the coommercialisation d hybrids may indiredly help companies to reduce prices and

maximise sales of BEVSs.
Market Barriers and Market Acceptance

Many of the barriers that inhibit the development of the BEV niche have drealy been

discussed (seesedion 2.2.4. These include, high capital cost and limited suppy of
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battery eledric vehicles, limited vehicle range and reduced payload cepadty as
compared to conventional vehicles, and the ladk of awidespread publicly accessblere-
charging infrastructure. Whileit did na aim to solve dl these shortcomings, the CEVP
did succeda in dramaticdly raising the profile of BEVsin the UK. Evidencefor this was
shown by the huge mediainterest during the projed and by the enthusiasm of locd
authorities that are keen to use thistechndogy. Almost withou exception, the 106E has
had avery positive resporse, bah as a zero-emisson wehicle and as a high performance
©red®© car which sufficiently satisfied drivers© expedations of what a ca shoud be. This
isevident from the results of a questionraire survey condwcted by Royal Mail who
asesed drivers®© readions to thé&eugeot 106E as part of the Coventry projed (CEVP
1996. We can conclude, therefore, that the CEV P has achieved ore of its primary
goals, which was to promote "the role that the modern eledric véhicle[s] can dayin
improving the environment in the United Kingdan%zin a cemonstration projed which

will attract major attention and avarenessof their benefits'.

Throughou the projed, Coventry City Courcil was akey element in attrading
vehicles and interest in the Coventry region. They also developed agrea ded of interest
through the network of locd authoriti es that wished to reducethe impad of transport on
the environment. The number of vehicles that could be ordered by locd courcils may be

as sgnificant as the number that could be used by private mmpany fleds.

The successof the CEVP is aso shown by the fad that many of the partners
dedded to puchase BEV to use & part of their fleds in addition to the vehicles used
within the CEVP. Royal Mail bought four Partner Vans, PowerGen at least one 106E,
and Coventry City Courcil purchased eight vehicles. Nationally, appli caions have been
made for PowerShift and Zeus fundng for arounda further fifty Peugeot eledric

vehicles (106E and Partner Van).
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Market Niche Devdopment

The main aim of the CEVP was to demonstrate battery eledric vehicles and assssthe
reacdion d fled operatorsto the techndogy. In some ways this aim is commonwith
previous experiments uch as La Rochell e which as Simon explains was partly designed
to reducethe comnercial uncertainty of BEV usein France a courtry where there has
long been much interest in the use of eledric vehicles (Simonand Hoogma 1998.
However, as Britain has lessrecent experience of eledric tradion, we could say in
comparison, that the CEV P was designed to assessthe ammnercial potential of BEV's
within the UK. Furthermore, as private motoring was excluded from the projed, the
emphasis was on the demonstration d the BEV as afled vehicle. This contrasts with
the experiment at La Rochell e where the private motorist was highly involved with the

BEV projed (even though small and large flees were dso encouraged).

It shoud be noted that, withou the financia assstancefrom the Energy Saving
Trust, the CEV P might never have happened. In return for this government suppat, the
Coventry Projed aded as a high profile demonstration gl ot projed that suppated
Phase 1 of PowerShift. Therefore, the PowerShift and Coventry BEV Projeds mutually
benefited from eat ather©s existence Due to the auant price premium of new vehicle
types, the market share for BEVsremains limited by the anount of government and
European fundng subsidies avail able. Withou these grants, the commerciali sation o
BEVswould probably slow to a halt in the UK. Aswe have aready mentioned, BEV
sales have been relatively low sincethe time of the CEVP. It remainsto be seen how the
freemarket will respondto vehicles such asthe 106 and the Partner Van if subsidies
are removed. Only then will it be passbleto say if projeds such as the CEVP have been

succesgul in promoting BEVsin the UK.
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What is certain isthat aslong asaBEV©srangeis gnall in comparisonwith
conventional vehicles, the identification d spedalised nicheswill be aucial to the
successul commercialisation d eledric tradion. Thisis because, withou severe
financia penalties on environmental grounds for conventional vehicles, BEVsare
unlikely to be @leto compete with ICE techndogy on a performance or financial basis.
Therefore, appli cations that maximise the relative benefits of eledric vehicles will
enhancetheir attradivenessto pdential customers. A consensus has emerged that the
BEV nicheincludes use & short-range, urban vehicles and for fleas with predictable
duty-cycles. Niche transport applicaions for al vehicle techndogies will become
increasingly common in the future transport regime as, in an aim to maximise dficiency
and reduce emisgons, spedfic techndogies will be dhosen for particular journey types.

BEVswill thus be assgned to roles that correspondmost closely to their capabiliti es.
Effed on Existing Regime

For the reasons described abowve, and given the present devel opment of the BEV, it
seansvery unlikely that BEV will single-handedly threaen the dominance of the ICE
within the aurrent transport regime. Thisis due to a ombination d the cntinuing high
cgpital cost andthe relatively short range of BEV's. Another fador isthe energence of
other alternatively fuelled vehicles with reduced emissons that can provide cmparable

emisson reduction at lower cost.

From ahistoricd perspedive, andif we accet the redity of the future implied
abowve, the BEV role has been ore of a stimulating techndogy. Each time aproblem has
arisen with fuelli ng or the amissons of an ICE vehicle, BEV's have formed a useful
benchmark for zero-emisson wehicles with which to compare other techndogies, which
then are foundto be superior in some way (infrastructure, range, etc.). Although the

existenceof BEV's has given rise to anumber of other techndogica solutions, they
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themselves may never diredly chall enge the ICE regime. BEV stimulate and change

techndogicd regimesin transport, but apurely BEV regime may never be redised.

3.1.5Evaluation of Strategic Niche Management

The dowve cae study showsthat SNM can provide auseful anayticd approach with
which to understand the development of a niche. However, we neel to be avare of the
potential wedknesses of the SNM approach and accept some aspeds of its limitations or

strengthen the goproach where possble.

Two particular weaknesses of previous SNM studies have been identified by

Hoogma, amember of the SNM projed detail ed above. He notes,

"Theresearch based onthe SNM approach hasthus far focussed on andysing the
impact of individud experimental introduction projeds of new techndogieson
regime devdopment, but withou capturing longer-term devdopments. Also, the
interconredions between andmutual influencing d experiments were not

adequately studied" (Hoogma 20@).

We can addressthe Hoogma®©s first paint by ensuring that we include cnsideration
of all the key experiments of atechndogicd niche with afocus on generic leaning in
addition to the spedfic lesons that emerge from a single experiment. Thiswill reduce
the posshility that the leaning and effeds, unque to a particular experiment, are
generali sed to charaderise the whole niche. It isthe intention d this thesis to identify
key techndogicd trends within a niche rather than ore-off techndogicd innovations
that provide locd rather than global solutions. The seandissle suggests that we need
to laterall y extend the SNM analysis beyondthe immediate techndogy under analysis.
This can be adieved by stresang the dfeds of Niche Competition. Though these

aspeds have dready been included in ou discusson d SNM, we neel to pay particular
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attention to these within future analyses. As demonstrated, this was espedally important

for BEVsin the CEVP.

Therefore for the remainder of the dissertation, the focus will be onthe anaysis of
the niche (rather than on marticular experiments) and its effeds on (and d) the eisting
regime. This approach isin acordancewith the work by Hoogma who addresss the
identified shortcomings of SNM, by studying the dfeds of alarge number of
experiments which "are studied in the context of changng societal problems and
priorities, the devdopment of the automobil e regime, andthe emergence of new

tedhndogies andvehicle use mncepts' (Hoogma 2000.

However, ancther element remains missng from the traditional SNM ©todkit®©. First,
whil e strategic niche management provides a qualit ative guidancefor strategy
development, it does not aim to quantify relative strategies. What ismissngisa
quartitative measure of the dfedivenessof techndogical options under consideration.
Also it would be useful to be @leto quantify the levels of protedion required to suppat
the niche. Thiswould complement the quditative analysis and provide new insightsinto
the management process The next sedion dscusses the way that a quantitative measure

can be used to extend ©classcd© SNM.
Quatrtitative Srategic Niche Management (QSNM)

To extend the analyticd todl of SNM, thisthesis adds a quantitative dement to the
issues arealy covered by the management approach. This new dimensionwill nat be
sufficient to dred the course of adionrequired by the technd ogy manager due to the
large number of nontdeterministic andirrational fadors which are & play (e.g. pubic
and consumer misunderstanding of the isaues). However, it will complement these
fadors and add value to the existing SNM ©todlkit©. Moreover, a suitable measure will

enable quantitative comparison d competing niches.
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The adition d 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 progresson d niches over time (including projedions into the
future). Again, this enables the comparison d the development of different niches. This
extension d ©classcd SNM®© can provide anew management tod for cases where
several inter-related niches are emerging, ead with its own developmental pathway. In
this way, Quartitative SNM will provide a rationd protocol for the designing o

protedion measuresiif a cluster of competing techndogical niches requires coordinated

management.

Therefore, thisthesisintroduces Quantitative Strategic Niche Management
(QSNM), which extends and strengthens SNM as a strategic tod to asgst the
transition to asustainabletransport system. QSNM appliesthe techniques of

©clasgcal SNM© (as already described), with the addition of:

1. Quantitative measures of the dfedivenessof technological niche(s).

2. Quantitative dharting o the pathwaystaken by technological niche(s).

Choasing Quartitative Measures for QSNM

QSNM includes quantitative dements relevant to the techndogy under consideration. In
principle any measure auld be used which is predse, reliable and easily obtained. As
thisthesisis ultimately concerned with environmentall y sustainable transport, the most
appropriate measures would be ones that refleded the environmental benefits of aroad-
transport techndogica niche. Furthermore, it would also be useful to have measures

that represented the barriers to innovation dffusion.

For the purpases of thisthesis, two gaseous emissons have been chosen to be

indicative of environmental sustainability, oneto indicae the impad for global impad
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onclimate dhange and the other to indicate the locd effeds uponair quality. The two
environmental sustainability indicaors are lifecyde greenhouse gas and NOx emissons.

These were introduced in the discussonin Chapter 1 (seesedion 1.2.4.

Quantitative eonamic aspeds are dso included in the analysis. The International
Energy Agency (IEA) hasidentified the main barriersto cleaner vehicle techndogiesin
their report Implementation Barriers of Cleaner Transport Fuels (IEA 1999. Of the
technicd, econamic, pditicd, regulatory and socia barriersidentified, the eonamic
aspeds are most easily quantified (vehicle, fuel andinfrastructure wsts) and lend
themselves to inclusion as a quantitative measure. A cost measure is well suited for
comparing diff erent niches, asfinancial barriers are mmmonto all techndogies.
Furthermore, al niches have to compete within the e@namic environment of the

dominant regime.

As can be seen from the goproach of UK government to assessng the techndogicd
options, bah guantitative econamic and environmental fadors are central to the whole
enterprise of introducing cleaner road transport techndogies. In the Alternative Fuels
Report of the Cleaner Vehicle Task Force (DTI 2000, these isaues are discussed and
are used to form recommendations abou which road transport techndogies soud be
promoted by the UK government. As part of its consideration, the Task Force developed
a quantitative model with which to make emissons and cost comparisons between
different cleaner vehicle technologies. Thiswas the Lifetime Evaluation o Alternative
Fuels (LEAF) model (DTI 2000. It isthis quantitative tod that will be used to apply

QSNM to the fuel cdl vehicle niche.

3.2Lifetime Evaluation of Alternative Fuels (LE AF2) M odel
The methoddogy described in this sedion draws uponwork conducted by the

candidate during 19992000for the DETR. The model developed is based onthe
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methoddogy of the Lifetime Evauation d Alternative Fuels (LEAF) model developed
by McCallum, the detail s of which are puldished in the Report of the Alternative Fuels
Group d the Cleaner Vehicle Task Force (DTl 2000. To adknowledge its origins and
to signify that several extensions and modifications have been made to the LEAF

approach,”’ the model used for this thesisis known as "LEAF2'.

A copy of the LEAF2 model isavailable on the CD-ROM that accompaniesthis
thesis. To use, load CD and open Word document entitled ‘LE AF2 Instruction

Shed’. Thisprovidesinstructions on the use of the model©s Excd spreadsheds.
LEAR2 Overview

The LEAF2 model estimates the asts and emissons for cleaner and conventional
vehicle techndogiesintroduced over the period 20022012.Two vehicle types are
considered: cars and buses. The model uses vehicle and fuel input data based onfigures
from pulished sources (seeChapter 4 and Annexes 3-6). The modd first cdculates
annwal lifegycle emissons and costs associated with ead vehicle type and techndogy
option. These ae then summed ower the life of the vehicle giving the total lifetime

emissons and costs.

For ead vehicle option, the model generates two environmental measures. These
are lifetime NOx and lif etime greenhouse gas (GHG) emissons. Three eonamic
measures are dso produced. Thefirst of these isthe lif etime private wst, whichisa
measure of the eonamic impad from the perspedive of the user. The secondisthe

lif etime pulic cost, which is ameasure of the eonamic impad from the perspedive of

>" L EAF2 extends the LEAF model in the foll owing ways:
- Extended time-scde — includes technologies introduced up to 2012
New data set — new fuel and vehicle data, fuel data dhange over time.
Updates of model — updated to refled new tax rates.
New fadliti es — incentive measures can be manualy controll ed.
New application — seven new fuel cdl cases are investigated.
Emissons targets - addition of sustainable©® NOx and GHG emisdons targets
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the UK. The third econamic measure is the (pulic) cost-effediveness which isthe

emisgons reduction per puldic poundspent.

For eath vehicle type, comparisons are made with ore of threebaselines. The

basdlines include amnventional vehicles and thase with eledric drive-trains:

Petrol/diesdl internal combustion engine vehicles (ICEs) £ main baseline.
Petrol/diesal hybrid eledric vehicles (HEVS).
Battery eledric vehicles (BEVS) (Yea 20022012generating mix).

Lifecyde andysis of emissons

A full analysis of road transport emissons needs to acourt for vehicle emissons®
generated during vehicle use and production emissons® generated duing fuel
production, pocessng and dstribution. Vehicle anissons are spedfied in grams per

kil ometre for li ght-duty vehicles and grams per KWh (engine output) for heavy-duty
vehicles (seeAnnex 1). Production emissons are spedfied in grams per GJ delivered.
Thetotal emissons due to fuel use (production, processng, distribution) and vehicle use

are termed lifecyde amissons.®

Thelifegycle analysis of road transport emissonsis an establi shed methodthat has
been used by many reseachers to compare the environmental impad of diff erent road
vehicle fuels andtechndogies (ETSU 1996,Hart and Bauen 1998b,DTI 2000. The
LEAF2 methoddogy uses pulished datafor production and vehicle emissonsto
estimate the lifegycle emissons associated with vehicle use. Given the importance of
thistechnique, a series of spreadsheds have been developed to inform this thesis (see
CD-ROM enclosed). These have been used to ched the results of other studies and also

to compare the environmental impads of cleaner vehicles onalifegycle basis.

58 Also known as “tank-to-whed' emissons.
59 Also known as “well -to-tank’ emissons.
60 Also known as “well -to-whed' emissons.
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As greenhouse gases (GHGs) emitted at al | ocaions contribute to global warming,
these amissons are cdculated onalifecycle basis andinclude fuel production,
processng, distribution and use. The threemain GHG emisgons associated with road
transport are cabon doxide, nitrous oxide and methane (DETR 200@q). Therefore,
where possble, production and vehicle enissons of these threegases are acourted for
within the analysis presented. Note that these emissons are cmbined to provide a
single measure of greenhouse gas emissons by using acceted globd warming
potentials (GWP) for eat of the gases. These provide aweighting for eat gas, which
isameasure of their effed on atmospheric warming over a determined time period ** As
air quality impads are focused at the locd level, regulated emissons (CO, NOx, HCs,
PMs) are normally analysed onavehicle anisson besis. However, as many of the
tedhndogy options that will be considered by the model invalve fuel production at the
locd level (e.g. ontsite d fuel stations), then all regulated emissonwill aso be

condwted onalifegycle basis.

The LEAF2 model also uses emissons sustainahlity targets. Asintroduced in
Chapter 1, these set eco-capadty limits for NOx and GHGs, which represent a 75%
reductionin lifegycle enissons. These ae based onEuro 4 (NOx) and Euro 2 (GHGs)
operation. Thereis no NOx target for buses as Euro 4 regulated emissons are spedfied

in gms’kWh engine output whil e the model makes estimates on a per km basis.

Although the petrol Euro 4isavehicle enisson standard (0.08gms/km: see Annex
1), thisthesiswill useit to inform the NOx ec-capadty limit onalifegycle basis. Using
establi shed lifegycle analysis methods (as described abowve), the lifecycle emissonsfor a

petrol ICE vehicle operating at a 75% below Euro 4 standard has been estimated. The

®1The GWP for carbon dioxide is taken as unity; the GWP for methane is equal to 21for a100yea time
horizon (DTI 2000. Nitrous oxide has not been assessed in this thesis due to ladk of avail able production
and vehicle data.
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figure used is 0.12gms NOx/km.®? The baseli ne greenhouse gas emissons for cars are
based onaEuro 2 etrol car (181 gms CO,/km) (Hart and Bauen 1998h. Using
lifegycle analysis, the lifegycle anissons for a petrol 1CE vehicle operating with a 75%
reductionin greenhouse gases has been estimated. The figure used is 52.5gms
GHG/km. For buses, the Euro 2 desel emissons are taken as 871 gms CO,/km, which

leads to a sustainable target of 241 gms GHG/km.
Lifetime andysis of costs

The LEAF2 model usestwo definitions of cost. These ae lifetime private costs and

lif etime puldic costs. Private aosts are the wsts facead by the vehicle user (individual or
bus operator). The user pays the st of the vehicle, the maintenance, and any taxes
incurred. Private st is useful as an indicator of market response. Combined with a
behavioural mode (not included in LEAF2), the relative private st can be used to
determine the up-take of different vehicle types. Public costs are the wmststo society asa
whale (or ©UK plc©). Public costs can be eguated with resource msts becaise they rett
land, labour and cagpital investment. Taxes are nat included, because tax paid by an
individual remains within the eonamy. Public cost is therefore auseful measure with

which to inform padlicy andis 9 used by government.

The measure of (pubic) cost-effedivenes$® is also used. Thisisfoundby
cdculating theratio of emissons reduced to pound gent. Public cost is used for this
gudient as environmental savings are mnsidered as a©socia© benefit. Cesff ediveness
isexpressed asasinglefigure for ead pdlutant over the lifetime of the vehiclesandis

defined relative to a baseline. This measure is useful in comparing techndogy options.

®)tis interesting to note that, at this ultralow NOx standard, the majority of NOx emissons are
associated with fuel production.

%3 Note that a cost-benefit analysiswould expresshoth the msts and benefit (in emissons sved) in
monetary terms, to give asingle net benefit figure. Thisisonly possbleif thereis a monetary value for
emissons. Asthis datais not readily avail able, this approach has not been taken.
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Obvioudly, ahigh cost-eff edivenessis preferable, indicating alarger reductionin
emissonfor the same investment. However, it isimportant to nde that some
fuels/tedhndogies may be asciated with a high cost-eff edivenessthough the adual

magnitude of emisgons reduction may be low.
LEAFR2 methoddogy

A schematic diagram showing the structure of the model is snownin Figure 3.9.The

model uses alarge number of global parameters that speadfy the scope of the analysis.

The main parameters are the ©comparator yea© (yea of introduction which can be set to
2002, 2007 02012, ©vehicle usage®©, discounteaand the PowerShift cgpital subsidy.

The fuel duty for hydrogen and aher on-board fuel cdl vehicle fuels (assumed to be
introduced from 2012 can also be @ntrolled. It can be set to ©OFFO (zero rate), OLOWO
(75 pkg) or ©HIGH® (180 pkg for ca an8@pkg bus).

Figure 3.9: Structure of LEAF2 Model

Asamptions
-~ 1 S~
Pt ! S~ Hydrogen cost
Car/Bus Base Data : Fuel Data < :
! Hart Analysis
\ | /
1
1
Car/Bus
Car/Bus Charts

Vehicle performance and cost datais urced from the Cleaner Vehicle Task Force
and Hart (DTI 200Q Hart and Hérmandinger 1997 Hart and Bauen 1998b. The
majority of the ©Car/Bus Base Data© spreadsts are shown in Annexes 3 and 4(an
exampleis iown in Table 3.2). Minimum, median and maximum values are included
for both the 2002, 2007and 2012cases. In the 2002scenario, these values are based,

where possble, on pulli shed sources. Where only the median isavailable, a 50%is
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used to determine the range of regulated emissonsand 20% for fuel econamy and
GHG emisgons. From 2007,emissons data used are ather based on pedictions (where
available) or it is assumed that a 15% improvement occurs between 200207 and a

further 10% improvement over the period 200712.

Table 3.2: Input datafor petrol fuelled hybrid-eledric car
Mnt.

CO2 GHG Veh Cost
Cost

Tpipe Tpipe Prodn Life Tpipe Prodn Life p/km £

£15,000

2002 med [ 0.06 0.06 0.12| 0.00 0.02 0.02| 122 16 138 | 122 16 138 151 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]000 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]0.00 001 0.01]| 77 10 86 7 10 87 0.95 1.35 | £11,500
min | 0.01 0.03 0.04]000 0.01 0.01[ 46 8 54 46 8 54 0.76 135 | £11,500

Notes

Fuel production emisson catais ourced from Hart, Hormandinger and Bauen (Hart
and Hormandinger 1997 Hart and Bauen 19®8b). Two average values are used, ore for
20022007,the other from 2007 onvards. Most cases $how areductionin production
emisson ower time (seeAnnex 5). Theinpu datafor fuel costs (shown in Annex 6) are
either taken from DTI and Customs and Excise forecasts (DTl 2000 or from
subsequent analysis (seeChapter 4). VED and fuel duties are based onexisting rates. As
with emissons, some fuel costs also reduce over time due to changes in uncerlying
costs (note that fuel duties may increase). The mileage asciated with ead usage type

comes from the Vehicle Market Model or National Travel Survey (DETR).

Inevitably, the model makes alarge number of assumptions. These include that
comparable vehicles are used to the same degree and dive ¢/cle, have equal survival
rates and are used at same locaion. More importantly, vehicle anissons are asumed
not to change over the life of avehicle, there ae nolimits of vehicle range and
discourting methods apply equally to al tedindogies. (For afull discusson of

asumptions used, seeCVTF Report (DTI 2000.)



15¢

The stages for cdculation used by the LEAF2 model are & foll ows (refer to Figure
3.9, Tables3.2and 3.3. The operator first identifies the scope of analysis by defining
vehicle type, vehicle gplicaion, yea of introduction, level of protedionand dscourt
rate to be used. Using the vehicle and fuel data sets as described, the model performs the
foll owing operations:
1. Based on \ehicle eamissons, vehicle performance and fuel emissons, model

cdculates annud lifegycle NOx and GHG emissons.

2. Based on \ehicle mst, vehicle performance and fuel costs, model cdculates annual
costs. Eadh cost result is discourted using the gpropriate discourt fador.

3. The anwa lifegycle emissons and dscournted costs are summed to provide the

absolute lifetime (NOx and GHG) emissons and lifetime aosts.

4. The dsolute lifetime eanissons and costs are compared with main baseline to

provide relative lifetime (NOx and GHG) emissons and lifetime asts.

5. The changein lifetime (NOx and GHG) emissonsisdivided by the changein

lifetime pulic cost to provide the measure of (pulic) cost-eff ediveness

6. Theresultsare displayed in Car and Bus Charts.
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LEAR2 results andinter pretation

For ead vehicle type and yea of introduction, the results are displayed in six charts:

Lifetime Private Cost

Lifetime Public Cost

Lifetime NOx Emissons
Lifetime GHG Emissons

NOx Reduced per Public Pound
GHGs Reduced per Public Pound

Ead chart showsthe anisson a cost performance of ead tedhndogy option
considered. The threedata points are presented for ead tedindogy corresponds to the
maximum, median and minimum values described abowve. For interpretation pupaoses,

the range indicated by the position o the ©max© and ©min© vaues $ou ddoetis

The foll owing aspeds can be used as a brief guide to interpreting results (a full

analysisis given for fuel cdl vehiclesin Chapters4 and 5.

Private wsts. values above baseline indicate low market up-take.
Public costs: values abowve baseline indicae increased societal costs.
NOx Emisgons: compare with sustainable target for 2012case.
GHG Emisgons. compare with sustainable target for 2012case.

Cost-effediveness the higher the value, the larger the emissons benefit per pulic
pound.Negative values indicae anissons benefit at LOWER cost.

4 Note that, after comparison with baseline, ©max© and ©min© data points may not remain as maximum and
minimum values. They may even bath be larger or small er than ©median©tdan.
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Table 3.3: Formulas used within the LE AF2 model

n K,
Lifetime — é ©
Emissons = (1+ dn )
PP, - PSG, § VE d (FBy, + M,
Lifetime PvtCost= incl e ° D é ( fp : mcl)
Private Cost (1 ) (1"' d ) t=b (l+ di )
PP v (FB, +M
Lifetime PubCost= +—=¢ + g (FBy t exc)
Public Cost +d.) & @a+d,)
Cost- E E
effediveness CostEff = Petrol ~ =LPG
(LPG cese PubCostyg - PubCost,,,
shown)
E, | total lifetime anissgons of the pollutant, p VED | annud Vehicle Excdise Duty
€, | emissonsof pollutart p per kilometre FBy | fuel bill at underlying priceof fuel
k. | number of kilometrestravdled per year FBy, | fuel bill at the full priceof fuel
d | emissonsdiscourt rate® Mexg | Maintenance mst exduding VAT
PPexs | purchase price extuding VAT Minc | maintenance @st including VAT
PPina | purchase priceincluding VAT b | year of venicleintroduction
di | private (or individud) discourt rate n| final year of vehiclelife
ds | pubic (or social) discourt rate t | current year of theiteration
PSG | powerShift grant

Source DTI 2000

3.3Application of the LEAF2 Model

To il ustrate how the LEAF2 model can be goplied, this dion describes the results of
the analysis condwcted on kehalf of the Alternative Fuels Report of the Cleaner Vehicle
Task Force (DTI 2000. Using the LEAF model (predecessor to LEAF2), this gudy
compared the emissons, costs and cost-eff edivenessfor cleaner vehicles for yea 2000
and yea 2005 pojedions. The options considered included compressed natural gas
(CNQG), liquefied petroleum gas (LPG), battery eledric (BEV), petrol hybrid eledric (P-
HEV) and ore type of hydrogen fuel cdl vehicle (H-FCV). Using a petrol ICE baseline,
asubset of the results for cars (GHG emisgons and pubdi c costs) are shown in Figures

3.10and 3.11.Combining the emisson and cost data, a series of cost-eff ediveness

%5 Opinions vary on whether to discount emissons that occur in future yeas. Government pradiceis not
to discount emisgons, for example a in @An Economic Analysis of the National Air Quality Strategy
Objedives® (1998. A zero discourt 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 Lifecycle GHG Emisdons- Year 2000
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Figure 3.12: Car GHG Cost-Effediveness - Year 2000
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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 aso asociated with the highest lifetime pullic costs. These
aspeds are refleded in the position d the fuel cdl vehicle caein the dart for cost-

effediveness 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 datafrom the CVTF Report regarding the petrol hybrid eledric
ca (P-HEV). Using the data shown in Figure 3.10together with correspondng data for
2005(nat shown), emisgons performance over the period 2000to 2005can be dharted

as siownin Figure 3.13.This shows areduction d lifetime GHG emissons over time.

Figure 3.13: Petrol Hybrid Car Lifecycle GHG Emissons 20002005

45

@ 40 =
g
£ 35
g 30 O -
g 25
S 20 ik
® =
5 B L
2 10
g s
yr 2000 yr 2005

Figure 3.14: Petrol Hybrid Car Cost-Eff edivenessfor GHGs 20002005
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Similarly, charts can be drawn for lifetime pulic costs for 2000and 2005 which
demonstrate areduction d pulic ocosts. If we combine the emisson and cost data (as
described abowe), estimates can be made for the mst-eff edivenessfor GHGs of the P-
HEV option ower time. Using figures from the CVTF Report (DTI 2000, the results

show that the hybrid ogtionincreases in cost-eff edivenessover the period 200602005
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(from 2.6 /£ in 2000to 3.54.3 kg/£ in 2005 (seeFigure 3.14). The results suggest
that future hybrids are predicted to provide larger GHG emisson benefits per (pubdic)

unit cost.

3.4 Quantitative Strategic Niche Management Methodology

By including quantitative measures, QSNM can extend the qualitative anaysis of
©Oclasscd© SNM. By chiarg the LEAF2 ouputs (emissons, costs and cost-

eff edivenesy, the quantitative analysis adds value to the discusson d qualitative
aspeds of the niche analysis. Considered ower time, trends are goparent which can be
used to predict the future development of the niche. Furthermore, if suppat isto target
niches that are most environmentall y sustainable, QSNM indicaes whether a

sustainable threshold has been, ar islikely to be readed (seeChapter 1, sedion 1.2.4.

Once sustainable options have been identified, the pullic cost data can be used to
asessthe impad of the techndogy onthe eonamy asawhadle. If thetedhndogy is dill
considered an attradive option, the use of lifetime private wstsidentifiesthe level of
eoonamic barriers that may inhibit up-take of the techndogy by the market.
Consideration d private sts can also be used to design effedive incentive strategies.
Charting the quantitative results of LEAF2 provides valuable insightsinto the potential
for aparticular vehicle techndogy and assesses whether it islikely to achieve
sustainability (as defined ealier) or nat. It also quantifies the wmst-eff edivenessof eah
niche over time a compared to the cnventional baseline (which isitself improving).
This can be used to inform padlicy regarding the most cost-eff edive techndogies for
investment, ones which are most worthy of protedion. These goproaches will be used to

analyse the fuel cdl vehicle nichein Chapters 4 and 5.

As this chapter has siown, SNM can be used as atoadl to develop strategies that can

proted and promote new techndogies. The gproac analyses the key fadors 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 enployed within thisthesisin 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:

[

. 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
Sedion 4.1
Analysis of Fuel Cell Vehicle Industry Actors and Experiments

Experiments Corporate Alli ances and Strategies

Experiment Design and Evaluation

Sedion 4.2

|dertification of | dentification of Fuel Cell Vehicle Technologica Niche

TemI\rI}(():lr:)gcal Fuel Cell Niche Protedion
Fuel Cell Niche Development
Level Classcd SNM Quantitative SNM
Sedion 4.3 Sedion4.4
Analysis of Expedations of Technology LEAF2 Analysis of Technology
Tecdnological Vehicle Design and Performance LEAF2 Lifetime Emissons
Niche Vehicle and Fuel Costs LEAF2 Lifetime Costs
UK Market Transformation LEAF2 Cogt-Effediveness
Sedion 5.1 Sedion 5.2
Analysis within Market Barriers for FCV's Cleaner Vehicle Incentives
Exis_ting Market Niche Devel opment Fuel Cell Vehicle Incentives
Regime Niche Competiti on Optimising UK Implementation
Effed on Existing Regime Strategies for Fuel Cell Vehicles

Note that al sedions use the following threedefining dimensionsto provide an analyticd framework:

Tednology, Applicaion and Partner Network




