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R E N ~KEMP, JOHAN S C H O T & REMCO H O O G M A

The unsustainabikp of the present trajctories of technical change in sectors such as
transport and agriculture is wide& recognized. It is f a r 3 o m clear, however, how a transition to more
sustainable modes of development may be achieved. Sustainable technologies that &&I important user
requirements in terms ofperfomance and price are most often not available on the market. Ideas of what
might be more sustainable technologies exist, but the long development times, uncertain9 about market
demand and social gains, and the need for change at dflerent l e v e l s i n organization, technology,
inzastructure and the wider social and institutional context-provide a great barrier. This raises the
question ofhow the potential of more sustainable technologies and modes of development may be exploited.
In this article we describe how technical change is locked into dominant technological regimes, and present
a perspective, called strategzc niche management, on how to expedite a transition into a new regime. The
perspective consists of the creation and/or management of nichesfor promising technologies.
ABSTRACT

Every new car show features the glorious introduction of environmentally benign
vehicles. Examples are electric vehicles powered by batteries, hybrid-electric vehicles with
small petrol or diesel engines generating electricity on-board, natural gas vehicles;
lightweight vehicles built with composite materials instead of metal and vehicles for
Only very few of the vehicles are for sale. This raises
public individual transport ~ysterns.~
the question of why such technologies are not introduced into the market-place when
their benefits to society are so evident. Is there no market for these technologies? This
is what the automobile manufacturers tell us. But why is there no market? Is it because
consumers do not want to pay extra for environmental benefits? O r are the reasons
political, namely the failure of policy-makers to make environmental benefits an integral
part of the structure of incentives and constraints in which people trade and interact? O r
is it that manufacturers think that there is no market or find the market for environmentally desirable automobiles less attractive than the market for gasoline automobiles? As
we will argue, there is not just one barrier to the introduction of alternative vehicles but
a whole range of factors that work against the introduction and diffusion of alternative
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vehicles. The slow diffusion of environmentally preferable technologies is by no means
exceptional, although there are extra barriers for clean vehicle^.^
In the innovation literature, the hard times for new technologies are a common
theme. T o develop a new idea into a prototype and product means overcoming
resistance both outside and inside the innovating organization. It requires a special kind
of management: the management of attention, of riding ideas into currency, of managing
part-whole relationships (integrating functions, organizational units and resources) and
the institutionalization of leadership.4 In the organization, new innovations often receive
lukewarm support. Most innovations do not start out as a strategic activity but as a
peripheral activity of a small team of developers, as most of the research and development (R&D)work in the organization is geared towards improving existing products and
reducing their production costs. This holds particularly true for automobile development.
After an initial period of competing designs in drive trains (roughly 1890-1920), a
dominant design emerged which is still the basic design in automobile development. This
basic design consists of an internal combustion engine, a metal body and a steering
wheel, to name a few salient features. Although the automobile industry is quite
innovative, when it comes to increasing vehicle performance, safety and comfort, often
by the application of electronics, the basic design is maintained. As to the functional and
manufacturing characteristics, most vehicles are multi-purpose vehicles that are produced
in highly standardized processes, even though automobile producers have shifted to more
flexible modes of production. In the past decade, the model range has been extended,
with the very successful minivans (six to eight passenger vans on a car platform) and
'recreational vehicles' or sports utility vehicles (Jeep and pick-up lookalikes), as well as the
thus far less successful urban cars (small two-seaters). Although different in their
appearance, they do not constitute a departure from the basic design. A possible
exception is electric versions of urban cars, for which a small niche market exists in a few
countries. The innovations just outlined have generally not been positive from an
environmental point of view. Engines have become cleaner and more efficient in the past
decade and a half, but added safety features and other accessories and consumer
preferences for bigger cars have meanwhile resulted in higher average fuel consumption
of cars. The successful minivans and sports utility vehicles, especially, are 'gas-guzzlers'.5
The idea of a basic or dominant design is an important notion in the innovation
literature. It was introduced by Abernathy and Utterback in their study of technical
change in the US automobile, aircraft and electronics industry. In each industry, a
dominant design emerged which served as the basis of development work, both inside
and outside the industry. It served as a model for development, by defining an outlook
or frame of reference for engineers, and enabled standardization, so that production
economies can be sought.6 The idea of a technological framework and shared outlook of
engineers was developed further by Nelson and Winter, and Dosi, Nelson and Winter use
the notion of a technological regime and Dosi of a technological paradigm to account
for the problem-solving activities of engineers.'
An important characteristic of the concepts of technological paradigm and technological regime is the existence of a core technological framework that is shared by a
community of technological and economic actors as the starting point for looking for
improvements in product and process efficiency. It focuses the attention of engineers
upon certain problems, while neglecting others. As Dosi writes, "a technological
paradigm has a powerful exclusion effect: the efforts and the technological imagination
of engineers and of the organisations they are in are focused in rather precise directions
while they are, so to speak, 'blind' with respect of other technological possibilities".8
Although the authors are not very explicit about the causal factors leading to this
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exclusion effect, they suggest that two factors play a key role: first, the consensus of
engineering beliefs and the shared knowledge about the key parameters and binding
constraintqg second, beliefs as to what the market wants. Thus, unlike biological
evolution, variations are not blind. Dosi speaks of ex ante selection.I0 This ex ante selection
takes places when firms anticipate possible selection by the market and a wider set of
institutional factors together comprising the selection environment. What is missing in
these approaches, however, is an account of how changes in the economic and social
environment impact on the research agenda of firms (and other technology actors) and
how the selection environment is shaped by old technologies (through the emergence of
production routines, existence of infrastructures, the formation of skills and habits, and
established consumption patterns). In our view, engineering beliefs and approaches and
ex ante selection are important elements in the direction of technological change, but as
an explanation for the direction and nature of technical change they are incomplete
because the issue of the coupling of variation and selection processes is insufficiently
developed. In the following we will argue that variation and selection are linked to each
other through what we will call a technological regime."
In the next section, we take a closer look at the different factors that affect the
development and use of new transport technologies, in particular how they impede a shift
to more sustainable transport technologies. In doing so, we focus on the barriers for more
sustainable transport technologies. These barriers are discussed individually, although it
is the combined occurrence of the barriers that is responsible for the slow transition to
more sustainable transport technologies. We then look at technology concepts from
innovation theory to explain the slow transition, and offer a critical discussion of the
concept of a technological paradigm. We advance the concept of a technological regime,
which is used as a key concept in this paper. Then we examine the problem of
technological regime shifts and discuss the ways in which technical change may be
oriented towards social goals by public policy-makers. We point out the limitations of
traditional technology promotion and control policies and the need to take a process
approach to orient the dynamics of socio-technical change in socially beneficial directions. The final section describes strategic niche management as a way to manage the
transition into another technological regime.

Why Is There Under-utilization of More Sustainable (Transport) Technologies?

One important barrier to the introduction and use of new technology is that the new
technology does not fit well into the existing transportation system. The use of the new
techno10,q may require complementary technologies that are perhaps not available (in
short supply) or expensive to use. The introduction of battery-fed electric vehicles, for
example, will require the development of an infrastructure for charging batteries. It may
also be that the technology itself needs to be further developed. In the early phase of their
development, new technologies are often ill-developed in terms of user needs and
expensive because of low-scale production. They need to be optimized. A related factor
is that the new technologies have not yet been tested by consumers on a large scale.
Actual large-scale use will lead to redesigning and new, unforeseen design specifications.
These technological barriers have been given increased attention over the past couple of
years, especially in connection with various experiments with new technologies (electric
vehicles, natural gas vehicles, etc.) that are being carried out in various countries.
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Government Policy and Regulatory Framework
Government policy may also be a barrier. Even though governments are committed to
environmental protection and other social goals, they are often not putting out a clear
message that there is a need for specific new technologies. In a sense the signals are
conflicting because nearly all new technologies are stimulated by R&D subsidies, even
though it is not clear which role they should play in a future transportation system. In
none of the countries studied by Elzen et al. was there a technology policy based on a
clear view of the future to guide technology developers, planners and investors towards
sustainable d e v e l ~ ~ m e n tThe
. ' ~ manufacturers therefore remain uncertain about the
market developments and will be reluctant to invest in precarious and risky alternatives.
Moreover, the existing regulatory framework may actually form a barrier to the
development of new technologies. For instance, the very strict safety requirements in the
Japanese natural gas law drives up the price of on-board gas cylinders and refuelling
stations to five times the level of other countries. The Californian zero-emission vehicle
(ZEV) legislation has strongly stimulated the development of electric vehicles but
discourages the development of hybrid-electric vehicles, although the latter may be
cleaner if the emissions by electricity production plants are taken into account.14
Adaptations of legislation are often quite cumbersome, partly because some of the actors
may oppose them.
Cultural and Psychologzcal Factors
There may also be cultural and psychological factor barriers. In this century, the
automobile, with its high speed and the possibility it offers of freedom on the road at any
given time, has become an icon of the modern life-style. Values such as flexibility and
freedom are associated with the possession and use of a car. For many automobile users,
owning and driving a car is a way of expressing their individual and societal identity:
their car is an expression of status.
Car manufacturers, consumers and car salesmen have an idea of what a car is and
should be able to do. This image may not accord with that of the different alternatives.
The unfamiliarity with the alternatives often leads to scepticism beforehand, because the
actors mentioned judge the new technology on the basis of the characteristics of the
dominant technology. An example is the so-called idle-off device that has been offered
by Volkswagen in some of its models. This device shuts off the engine when the car is
stationary or slowing down. This may limit fuel consumption in the city by 20-30°/o, and
also strongly reduce emissions. When the car accelerates the engine will restart automatically. The idle-off device has not been a success, because Volkswagen and the dealers do
not dare to promote this option. They think that drivers will fear that the engine will not
restart, and therefore prefer the certainty of hearing the engine run when stationary.
Demand Factors
There are economic barriers to do with prospective users' preferences, risk aversion and
willingness to pay. The new technologies have not proven what they are worth, so
consumers are not sure what to expect. The meaning and implications of the new
technologies have yet to be specified by their application in practice. New technologies
may also not meet the specific demands of consumers, which means that an alteration
of these demands and preferences may be required to introduce the technologies. The
battery-powered electric vehicle's limited range will force its user to adapt hidher travel
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patterns. Only a few consumers will accept a lesser performance of the product in return
for a lesser environmental impact. The insecurities and aversions of the consumer are
sufficient reason for the manufacturers of the new technologies not to market certain new
products. This market is very sensitive, and a loss of market share because of the failed
introduction of a new product may cause serious problems. The manufacturers of
existing technologies prefer to avoid risks by building on current consumer preferences.
Automobile dealers, who are supposed to sell the cars to the consumers, are reluctant to
promote cars that do not meet traditional consumer preferences.
Another important demand factor is the price of the product. New technologies are
often expensive owing to the small scale of production and because they have not
benefited from dynamic learning economies on the supply side.15 The high price that
results from the high unit costs of production is quite a disadvantage in the automobile
market, where all the major manufacturers compete on price. Even relatively simple new
technologies (for example, the pre-heated catalyst16)have a hard time on account of their
raising- of the cost price.
The manufacturers think that consumer demands cannot be changed, and therefore
they often refer to them as the most important barriers. Their argument is that they
cannot manufacture products for which there is no clearly articulated consumer demand.
However, the success story of the minivan in the US undermines this argument. As
shown by Porac et al.," consumer research in the late 1970s had indicated a widespread
sentiment in favour of a small people mover van in the US. The American car
manufacturers started development of such a van, but Ford concluded that the vehicle
would become too costly and General Motors (GM) considered the market too fragmented. Only Chrysler went ahead in an all-or-nothing gamble in the face of
bankruptcy, and hit instant success. Ford and G M then followed. T h e US minivan
market currently comprises unit sales of over one million vehicles. This example does not
directly compare to the assumed market for environmentally benign vehicles. T h e buyers
of minivans did not have to settle for less with regard to comfort and performance,
battery-powered electric vehicles have limited range and speed, and recharging the
battery is very time-consuming.18

Production Factors
There are also barriers on the supply side. The development from prototype to mass
product is quite a long and cumbersome process, but above all it is a risky process. There
may be a chance to develop a new market, but the incentive for the automobile industry
to introduce a product to the market is not high when it is far from certain that the
consumer is interested in buying it, or when there are no external factors such as
legislation that require automobile manufacturers to offer the product for sale to
consumers. Investing in new technologies may mean that the sunk investments in existing
production facilities will never be gained back. Moreover, existing companies do not
want to risk their core competencies becoming superfluous. T o the automobile industry,
the mass production of cars with combustion engines is just such a core competence. Its
organization is aligned to this competence, both technically (in terms of its products,
production processes and R&D activities) and organizationally (in terms of modes of
control, marketing and strategies). Generally, enterprises may aim their production
strategies at: (1) cost leadership; offering products at the lowest price on the market; (2)
differentiation, offering exclusive products (for example, of a specific brand) for a large
market; or (3) producing for market niches, i t . producing a limited assortment for a
limited group of customers. The major car manufacturers predominantly choose strategy
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one or two; they have limited or no competence to produce cars for market niches.
Therefore, the manufacturers are interested in alternative vehicles only when these can
be produced for a big market.
In such a situation it often takes new enterprises to market the new products. These
do not stand much of a chance, however, if they are not backed by sufficient capital. This
creates an additional problem, since banks are reluctant to invest in risky projects and
governments only grant subsidies for R&D and not for marketing a new product.
Moreover, the new companies lack the competence to produce large quantities of cars
of constant high quality. These factors constitute high barriers for newcomers. Cooperation between newcomers and the existing car industry might be able to change this. A
good example is the cooperation between the Swiss company SMH and Mercedes, who
intend to introduce a new type of vehicle to the market in 1998. Examples of small
companies that have got into major financial problems are the Swedish company Clean
Air Transport (CAT) and the American US Electricar. CAT missed an order for 10 000
hybrid vehicles (the prize in a competition organized by the city of Los Angeles) because
Swedish financiers did not trust the company's competence. US Electricar was forced to
give up the low-profit production of conversion-electric vehicles because of the decreasing value of its stocks. There are, however, more successful examples of new enterprises,
such as the French SEER and German Hotzenblitz. For the moment, these companies
produce on a small scale, however.

Injastructure and Maintenance
The introduction of new technologies may require adaptation of the infrastructure. A
new distribution system may have to be established, as for natural gas and hydrogen
technology, or special provisions may have to be made; for example, for charging electric
cars. Another adaptation concerns the maintenance that vehicles require. Mechanics in
garages must get acquainted with the new technologies in order to be able to check and
repair the new vehicles. A characteristic of infrastructure and maintenance investment is
its threshold value: only with a relatively high number of vehicles does it become
profitable to create a new infrastructure, although the vehicles require such an infrastructure from the very beginning. Crucial questions are, therefore, who is responsible for the
development of the infrastructure and how the initial costs can be covered. Another
problem is the so-called sunk investments in the existing infrastructure. The groups in
charge of the current infrastructure form a strong lobby for their own interests.

Undesirable Societal and Environmental Efects of.New Technologies
New technologies may be able to solve some problems, but they may also introduce new
ones. The batteries of electric cars could cause an additional waste problem; some
alternative fuels lead to an increase of certain types of emissions; growing crops required
for the production of bio-fuels takes up a great deal of land, which prevents the use of
that land for other purposes (growing alimentary crops or nature conservation, for
example); the availability of cheap and very economic vehicles may cause a rebound
effect in the form of an increase in vehicle mileage. Quite an effort will be required to
find out if and how such problems can be solved. In the meantime, these problems affect
the image and performance of the new technology.
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Conclusion
As the foregoing discussion shows, there are many factors that impede the development
and use of new technologies, especially systemic technologies that require changes in the
outside world. These factors are interrelated and often reinforce each other. What we
have is not a set of factors that act separately as a containment force, but a structure of
interrelated factors that feed back upon one another, the combined influence of which
gives rise to inertia and specific patterns in the direction of technological change. But
what exactly is this structure and how does it affect technological choices of technology
developers and users? These questions are examined in the next section.
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7he Structured Nature

of Technological Change:

Technological Regimes and Paradigms

The existence of patterns in technological change is widely recognized. Examples are
miniaturization in microelectronic computers, the use of information technology in
manufacturing and offices, the electrification of products and processes and so on.
Economists, historians and sociologists have studied these regularities in technological
change and have proposed concepts to account for the ordering and structuring of
technology. We will describe two concepts that have been highly influential in social
studies of technology: the concept of technological regime used by Nelson and Winter
and Dosi's concept of technological paradigm.'g
The concept of a technological regime was coined in the 1977 article 'In search of
useful theory of innovation' by Nelson and Winter. In this article, they noted that the
problem-solving activities of engineers were not fine-tuned to changes in cost and
demand conditions, but relatively stable, focused on particular problems and informed by
certain notions of how these problems could be dealt with. Nelson and Winter give the
example of the DC3 aircraft in the 1930s, which defined a particular technological
regime: metal skin, low wing, piston powered planes. As they write: "Engineers had some
strong notions regarding the potential of this regime. For more than two decades
innovation in aircraft design essentially involved better exploitation of this potential;
improving the engines, enlarging the planes, making them more e f f i ~ i e n t . "Dosi
~ ~ speaks
of a technological paradigm, analogous to Kuhn's concept of scientific paradigm. A
technological paradigm consists of an exemplar-an artefact that is to be developed and
improved-and a set of (search) heuristics, or engineering approaches, based on technicians' ideas and beliefs about where to go, what problems to solve and what sort of
knowledge to draw on.
The idea of a core technological framework for industries guiding research activities
has gained wide recognition in modern innovation theory. An advantage of this
approach is its connection with existing engineering ideas and approaches, which the
economic notion of production function fails to make. But as an approach to explain
socio-technical change it is too limited, because it focuses too much on cognitive aspects
of problem-solving activities and too little on the interplay between cognitive and
economic and other social factors that force technological problem-solving in certain
directions. This interplay must be perceived as a quasi-evolutionary process of variation
and selection, in which the external selection pressures are anticipated by the innovator
organization and incorporated into company R&D and production policies; the external
selection environment in turn is shaped by the policies of the innovator vendor and a
host of other actors who strive to promote (and control) a particular technol~gy.~'
Engineering activities are embedded in larger technological regimes, which consist not
only of a set of opportunities but also of a structure of constraints in the form of

Downloaded By: [Florida State University Libraries] At: 03:39 6 February 2009

182 R. Kemp et al.
established practices, supplie~userrelationships and consumption patterns. The choice
for the internal combustion engine thus depends not just on the prevailing interpretative
framework of engineers, but also on the embedding of the combustion engine in
engineering practices, production plants and organizational routines, and the embedding
of automobiles with internal combustion engines in fuel distribution systems, travel and
mobility patterns and automobile repair and maintenance practices.
If we take the quasi-evolutionary dynamics of technical change as a starting point, we
need a broader definition of technological regime. A technological regime needs to
encompass both the paradigmatic framework of engineers and the selection environment
of a technology. The definition of technological regime we use is:'' "the whole complex
of scientific knowledges, engineering practices, production process technologies, product
characteristics, skills and procedures, and institutions and infrastructures that make up
the totality of a technology". A technological regime is thus the technology-specific
context of a technology which prestructures the kind of problem-solving activities that
engineers are likely to do, a structure that both enables and constrains certain changes.
Within this complex, the accommodation between its elements is never perfect; there are
always tensions and a need for further improvement. The term regime is used rather
than paradigm or system, because it refers to rules.23Not just rules in the form of a set
of commands and requirements but also rules in the sense of roles and practices that are
being established and that are not easily dissolved. Examples of such rules are the search
heuristics of the engineers, the rules of the market in which firms operate, the user
requirements to be accommodated at any give time, and the rules laid down by
governments, investors and insurance companies. Like a political regime or a regulatory
regime, a technological regime contains a set of rules. These rules guide (but do not fix)
the kind of research activities that companies are likely to undertake, the solutions that
will be chosen and the strategies of actors (suppliers, government and users)." The idea
behind the technological regime is that the existing complex of technology extended in
social life imposes a grammar or logic for socio-technical change, in the same way that
the tax regime or the regulatory regime imposes a logic on economic activities and social
behaviour. Our definition is thus more in line with the way in which the term regime
is used in political science and policy studies.
Technological regimes, in the way we use the term, are a broader, socially embedded
version of technological paradigms. A technological regime combines rules and beliefs
embedded in engineering practices and search heuristics with the rules of the selection
environment. In our view, the restricted (focused) nature of socio-technical change is
accounted for in large part by the embedding of existing technologies in broader
technical systems, in production practices and routines, consumption patterns, engineering and management belief systems, and cultural values-much more than it is by
engineering imagination. This embedding creates economic, technological, cognitive and
social barriers for new technologies.
The notion of technological regime defined above also helps to explain why most
change is of the non-radical type, aimed at regime optimization rather than regime
transformation. It helps to understand why so many new technologies remain on the
shelf, especially systemic technologies with long development times that require changes
in the selection environment (in regulation, consumer preferences, infrastructure, the
price structure). Radically new technologies require changes in both the supply and
demand sides, which usually take time and meet resistance, even inside the organization
in which they are produced. Firms vested in the old technologies will be more inclined
to reformulate their existing products than do something radically new that may involve
a great risk to the firm. (For newcomers, the improvement of existing technologies creates
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an extra barrier for new technologies.) This is not to say that it is just a matter of
calculated risk. As noted by Rosenberg and Fransman, firms have a restricted technological horizon and a bounded vision, which serve to focus their exploratory activities upon
problems posed by the existing product.25 As explained, there is a range of factors that
work against the development and use of alternative technologies: cognitive (technological paradigms), technological, economic, and social and cultural barriers. This raises the
question of how the above barriers may be overcome: how may the technology come
into its own, develop from an idea or prototype into a successful product? The next
section deals with this question.
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The Management of Technological Regime Shifts
In this section, we want to examine how regime shifts occur. While there is no set of
general rules, as each transition is unique, historical studies suggest that the following
elements are common in technological regime shifts:26
The deep interrelations between technological progress and the social and managerial
environment in which they are put to use. Radically new technologies give rise to
specific managerial problems and new usersupplier relationships; they require and
lead to changes in the social fabric and often meet resistance from vested interests;
moreover, they may give rise to public debates as to the efficacy and desirability of the
new technology.
The importance of specialized applications in the early phase of technology development. In the early phase of a radically new technology there is usually little or no
economic advantage of the technology; moreover, the existing technologies tend to
improve during the development phase (the 'sailing ship' effect).'?
These technologies tend to involve 'systems' of related techniques; the economics of
the processes thus depend on the costs of particular inputs and availability of
complementary technologies. Technical change in such related areas may be of central
importance to the viability of the new regime.
Social views on the new technology are of considerable importance. They include
engineering ideas, management beliefs and expectations about the market potential,
and, on the user side, perceptions of the technology. These beliefs and views on the
new technology are highly subjective and will differ across communities. They also are
in constant flux, and the progression of the ideas may be either a barrier or a catalyst
to the development of a particular technology.
These elements show that in these technological transitions both the technology and the
system in which it is produced and used change through a process of co-evolution and
mutual adaptation. Although our understanding of how technological transitions come
about is limited, historical evidence suggests that entrepreneurs/system builders and
niches play an important role in the transition process.28 The development of a new
technological system is often associated with the names of entrepreneurs. For example,
the names of Edison, Insull and Mitchell are associated with the development of the
electric system. There was Edison, the inventorentrepreneur, who built the first electric
system, Insull, the manager-entrepreneur, who managed the expansion of the electric
system, uniting local systems into larger ones, and Mitchell, the financier-entrepreneur,
who introduced financial and organizational means (such as the holding company) by
which the growth of the utility systems could continue on a regional
A second important factor is the availability of niches or domains for application.
Military demand often provided a niche for fledging technologies. Many of the radical
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technologies of this century (radio, aircraft and computers) depended for their development on money from the military. In other cases, early markets provided a niche. Plenty
of examples of niches are available from the history of technology. The steam engine was
developed by Newcomen to pump up water from mines; clocks were first used in
monasteries where life was arranged according to strict timetables; the origin of the
assembly line lies in the armoury of the American army in Springfield, Massachusetts,
where the manufacture of muskets was standardized to the extent that all components
were interchangeable; and the wheel was first used for ritual and ceremonial purposes.30
These niches are important for the development of a new technology. Without the
presence of a niche, system builders would get nowhere. The niches were instrumental
in the takeoff of a new regime and the further development of a new technology. Apart
from demonstrating the viability of a new technology and providing financial means for
further development, niches helped to build a constituency behind a new technology, and
to set in motion interactive learning processes and institutional adaptations-in management, organization and the institutional context-that are all-important for the wider
diffusion and development of the new technology.
The processes of niche formation occur against the backdrop of existing technological
regimes. Often, some of the actors present in these regimes participate and attempts are
made to solve problems identified but not solved within the regime. The success of niche
formation is, therefore, linked to structural problems, shifts and changes within the
existing regime(s).The ultimate fate of processes of niche formation depends as much on
successful processes within the niche as on changes outside the niche: it is the coincidence
of both developments that gives rise to niche development patterns.

The Problem of Technology Control and Orientation
It may be clear by now that the shift into a new, more sustainable technological regime
presents a huge problem for public policy-makers (or anyone else, for that matter). The
task is no longer to control or promote a single technology but to change an integrated
system of technologies and social practices. The problem is to manage the change process
to another regime without creating transition problems. This is the problem that public
policy-makers face and must try to resolve. But how do they do this?
The first strategy is to change the structure of incentives in which market forces play.
This is the kind of approach favoured by economists. Instead of engaging in the search
for technologies to solve specific social problems, policy-makers should change the
structure of economic incentives: tax negative externalities and reward positive externalities. The advantage of this strategy is that decisions are made at the decentralized level
by individual actors. In this way, environmental benefits can be achieved at the lowest
costs. The problem with this approach, favoured by economists, is that the policy
measures have to be really drastic to have an impact, considering the dominance of
existing technologies. Even the 10-fold increase in oil prices in the 1973-1983 period did
not lead to anything more than the marginal use of alternative energy technology-coal
and natural gas are still the primary sources for electricity generation and heating, and
oil is still the principle transportation fuel. This is not to say that price incentives should
not be used. In our view, a carbon tax and tradable permits will have a role to play in
the array of necessary greenhouse gas policies, but it is not likely that such measures in
themselves will be sufficient to bring about radical change in energy technology unless
they significantly raise the costs of using fossil fuels. This is highly unlikely in today's
political reality, in which governments are committed to reducing taxes. The recent
failure in 1995 to introduce a carbon tax of US$3 per barrel of oil equivalent in the
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European Union tells us something about the infeasibility of using taxes to induce
technological regime shifts.
The second strategy is to plan for the creation and building of a new socio-technical
regime, in the same fashion as decision-makers have planned for large infrastructural
works like coastal defence systems or railway systems. The problem with this approach
is that in most areas governments cannot really plan for a new technological regime in
today's highly differentiated and organized society. The social context in which the new
technologies will be used simply defies a planning exercise, even if it is based on a flexible
learning by doing approach. Even for firms it is often difficult to plan for successful
market introduction. User requirements develop over time in often unpredictable ways.
The third and last strategy is to build on the on-going dynamics of socio-technical
change and to exert pressures so as to modulate the dynamics of socio-technical change
into desirable directions. For this strategy, the task for policy-makers is to stimulate that
the co-evolution of supply and demand produces desirable outcomes, in both the short
run and longer term. Rather than laying down requirements, they need to engage in
process management to keep the process of socio-technical change going in a desired
d i r e ~ t i o n . Such
~'
a policy differs from the traditional policy approach, which starts from
a stated goal, after which a set of instruments is selected to achieve this goal. Process
management does not start from a quantified goal but from a stock of goals. It is aimed
at changing the rules of the game, at creating room for experimentation and variation,
at shaping the interactions, at making sure that the process is not dominated by certain
actors, at learning about problems, needs and possibilities, and at keeping the process of
change going in desirable directions. In our view, this is the only feasible way to proceed.
Strategic niche management is thus more than a useful addition to a spectrum of policy
instruments. It is a necessary and reflexive component of intentional transformation
processes of regimes. However, the complexity of the processes involved means that we
do not claim this approach to be a panacea. Its success is contingent on many
developments outside the reach of policy-makers as well as other actors. We return to this
issue later; we first discuss how process management could be done.
Our discussion of technological regime shifts as a process of niche proliferation
suggests one possible strategy to manage the transition process: to create temporary
protected spaces for more sustainable technologies. These spaces, in the form of
technological niches, could function as local breeding spaces for new technologies, in
which they get a chance to develop and grow. Once the technology is suficiently
developed in terms of user needs, and broader use is achieved through learning processes
and adaptations in the selection environment, initial protection may be withdrawn in a
controlled way. As suggested by Schot et al.," such policies must be a mixture of three
generic strategies: technolo<gyforcing, creating and using carrying networks for new
technologies (such networks are called technological nexuses) and strategic niche management. The last is particularly interesting for the processes of niche formation. The first
two also contribute, but are mainly instrumental in changing the existing regime by
making them more favourable (less hostile) to the newly emerging niches. In this article,
we focus on strategic niche management.

Strategic Niche Management as a Way to Manage the Transition
From our discussion of continuity and change in technological regimes, strategic niche
management emerged as a possible (or even necessary) strategy for governments to
manage the transition process to a different regime. The strategy of strategic niche
management is, of course, valuable for an actor who wants to push new (sustainable)
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technologies on to the market. In this paper, we focus on options for government policies.
But what exactly is meant by strategic niche management and what are the implications
in terms of public policy? In this section, we try to explain what we mean by strategic
niche management and how it may be used to induce or accelerate a change in
technological regime. We propose the following definition: "strategic niche management
is the creation, development and controlled phase-out of protected spaces for the
development and use of promising technologies by means of experimentation, with
the aim of (1) learning about the desirability of the new technology and (2) enhancing the
further development and the rate of application of the new t e ~ h n o l o g y . " ~ ~
Strategic niche management is thus a concentrated effort to develop protected spaces
for certain applications of a new technology. It is an approach which differs from the old
policies. The strategic niche management approach differs from the 'technology-push'
approach that underlies most of today's technology promotion policies, by bringing
knowledge and expertise of users and other actors into the technology development
process and generating interactive learning processes and institutional adaptation. It
differs from technology control policies by being aimed at the development of new
technologies. The focus on learning is an important aspect of strategic niche management.34
The creation of a protected space for a promising technology gives it a chance to
develop from an idea or showpiece in an exhibition into a technology that is actually
used. The actual use of a new technology is important for articulation processes to take
place, learn about the viability of the new technology and build a network around the
product. Strategic niche management is more than just an experiment with a new
technology, however. It is aimed at making institutional connections and adaptations, at
stimulating learning processes necessary for further development and use of the new
technology. More specifically, the aims of strategic niche management are:
to articulate the changes in technology and in the institutional framework that are
necessary for the economic success of the new technology;
to learn more about the technical and economical feasibility and environmental gains
of different technology options, i.e. to learn more about the social desirability of the
options;
to stimulate the further development of these technologies, to achieve cost efficiencies
in mass production, to promote the development of complementary technologies and
skills and to stimulate changes in social organization that are important to the wider
diffusion of the new technology;
to build a constituency behind a product-of firms, researchers, public authoritieswhose semi-coordinated actions are necessary to bring about a substantial shift in
interconnected technologies and practices.35
How does one create technological niches and manage them? First of all, it must be
noted that niches are platforms for interaction; they emerge out of a process of
interaction shaped by many actors. They cannot be controlled. Still, governments could
try to contribute to these processes of niche formation by setting up a set of successive
experiments with a number of new technologies; this is strategic niche
Such a policy consists of five steps (elements): the choice of technology, the selection of
an experiment, the set-up of the experiment, scaling up the experiment and the
breakdown of protection by means of policy. We now describe the elements, and the
problems and dilemmas involved.
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7he Choice of Technology
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There are usually different types of solutions for a problem, with different costs and
benefits. A choice must be made as to which technology will be supported. Technologies
appropriate for support through strategic niche management are technologies that are
outside the existing regime or paradigm, but may greatly alleviate a social problem (like
environmental degradation or road congestion) at a cost that is not prohibitively high. T o
be able to do so, the technology must meet four additional criteria, apart from the social
precondition. T h e new technology must:
have major technological opportunities embedded in it, have sufficient scope for
branching and extension and for ove,rcoming initial limitations-this is the technological-scientific precondition;
exhibit temporal increasing returns or learning economies-the economic precondition;
be consistent with actual or feasible forms of organization and control and be
compatible with important user needs and values-the
managerial and institutional
precondition;
be already attractive to use for certain applications in which the disadvantages of the
new technology count less and the advantages are highly valued.
The first four preconditions-the
social, technological-scientific, economic and managerial (or institution) preconditions-are
preconditions for regime shifts, identified by
Smith in the project 'Technological paradigms and transitions paths'. The fifth precondition is an additional precondition for the management of regime shifts through the
creation and development of niches.
This step also shows a dilemma for strategic niche management. Strategic niche
management is aimed at exploring options for co-evolution of technologies and its
contexts. Creating path dependencies too early by focusing on a specific technology may
lead to a mismatch between emerging application conditions and the chosen new
technology. Strategic niche management as a transition tool rather than a market
introduction strategy will have to allow for a variety of technological options and
explorations of these options, while simultaneously working towards the embedding of
these options.

7he Selection of an Experzinent
After choosing a technology eligible for support, we need to choose an appropriate
setting in which the new technology is to be used. This should be a setting or space in
which the advantages of the technology are valued highly (because of specific problems
like local pollution) and the disadvantages (in terms of costs of discomfort) count less. The
space may be a certain application (for example, the use of solar cells for pleasure boats),
a geographical area (a region or a city) or a jurisdictional unit. The heterogeneity of the
selection environment means that there are almost always areas and types of application
for which the new technology is attractive, in which the disadvantages count less and the
advantages are valued higher. Electric vehicles that do not emit pollutants at the point
of use are attractive for use in cities with high levels of pollution. The disadvantages of
electric vehicles, such as their low range and the need to recharge the batteries in
charging stations, are less problematic for fleet owners (taxi companies, utilities, public
transport companies) than for consumers. Consequently, the use of electric vehicles by
fleet owners in cities qualifies as a societal experiment.
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i'he Set-up of the E x p a ' m t
This is perhaps the most difficult step, because a balance must be struck between
protection and selection pressure. Finding a balance between protection and selection
pressure is a continuing task for niche managers. Protection should be not too generous:
technology developers must be forced to take care of user requirements and impelled to
eliminate negative side-effects connected with the wide-scale application of a new
technology. O n the other hand, the selection pressures should not be too strong, putting
development work under time pressures and making companies opt for conventional
solutions that offer short-term benefits at the expense of long-term benefits. Too much
protection may in the end lead to expensive failures, and too little protection may
forestall different paths of development.
The choice of niche policies needs to be based on the barriers to the use and diffusion
of the new technology. These barriers may be economic, when the new technology is
unable to compete with conventional technologies, given the prevailing cost structure.
They may be technical, such as the lack of complementary technologies, needed new
infrastructure or appropriate skills. And they may be social and institutional barriers,
such as existing laws, practices, perceptions, norms or habits. An integrated and
coordinated policy is required to deal successfully with these barriers. Possible elements
of such a policy are the formulation of long-term goals, the creation of an actor network,
coordination of actions and strategies and, where needed, the use of taxes, subsidies,
public procurement and standards.

Scaling up the Exprimal
The next step concerns scaling up the experiment by means of policy. Even a highly
successful experiment may require some kind of support from public policy-makers in the
form of preferential treatment vis-a-vis less environmentally benign technologies. Again,
this raises the question of how 'far governments should go in support of a particular
technology, such as whether they should bear the costs or let others carry part of the
costs.

Ihe Breakdown

of Protection

The final step is the phased breakdown of protection. Support for the new technology
may no longer be necessary or desirable when the results are disappointing and prospects
are dim.

Who Should Do Strategic Niche Management?
Having described the steps of strategic niche management, we turn to the important issue
of who should do strategic niche management: a government agency, private company
or (policy) entrepreneur. In practice, different actors may be the niche manager: state
policy-makers, a regulatory agency, local authorities (e.g. a development agency),
non-governmental organizations (NGOs), a citizen group, a private company, an
industry organization, a special interest group or an independent individual, depending
on who is best qualified to take on this task, which will differ from case to case. It should
be noted, however, that just like normal management, niche management is not the
purview of a single actor but a collective endeavour. Niche management policies are the
collective (negotiated) outcome of different interactions at different levels. Some actors,
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however, are likely to take on a more dominant role as niche managers than others, and
may therefore be called 'niche managers'. The niche manager may be a person or an
organization (for example, many projects have a so-called 'project bureau' that is
formally in charge of the project management).
We wish to emphasize that strategic niche management is not just something for
governments: industry and NGOs are well placed to initiate and run niche projects. As
a rule, government should take on those roles that it can d o better than others; it should
not take on the responsibility for running the experiment, as this is probably best done
by professionals with their own social networks. As noted, governments have a special
role as a enabler or facilitator to make sure that something happens, and that the project
yields satisfactory results (which requires monitoring, evaluation of outcomes and policies
and, in the case of undesirable outcomes, the judicious exertion of pressure and the
correction of adverse actions and policies). As to the role of different levels of government, local governments are best placed to engage in local affairs such as network
management. Regional and state governments may act as co-sponsor for projects that
may be used on a larger scale. They could also help in the upscaling of successful
experiments, through sponsorship or macro-policies (like changes in the regulatory
framework and the use of fiscal incentives). National and regional governments also have
a special responsibility for making sure that there is a broad social learning process. This
could be done by supporting a portfolio of niche projects, instituting technology
appraisals and social discourses (in which the technologies are evaluated along a wide
range of dimensions) and disseminating the knowledge that is gathered in the projects.
As a related point, the niche manager need not be the same person or organization
during the niche management process; as the process moves along, there may be a need
for a different niche manager.
With respect to the steps of strategic niche management, we wish to assert a warning:
strategic niche management is more than the execution of the above five steps. If the
execution of the steps was done too mechanically, the reflexive side of strategic niche
management and its primary aims would be degraded. The primary aims of strategic
niche mana~ementare stimulating learning about problems, needs and possibilities of a
technology, building actor networks, alignment of different interest to a goal, altering the
expectations of different actors and fostering institutional adaptation; the steps are just a
way to achieve this. T o elaborate on the primary aims of strategic niche management,
we discuss three key processes in niche formation. Experiments set up as part of a
strategic niche management policy must contribute to these processes in the various steps
disc~ssed.~'

Processes Constituting Niche Formation

Coupling of Expectations
In the early years of development, the advantages of a new technology are often not
evident. Their value still has to be proven, and there are many resisting forces. In order
to map the new technology, the interested actors therefore make promises and raise
expectations about new technologies. Promises of a new technology are an important
element in niche development, and must, therefore, be taken up in strategic niche
management procedures. Promises are especially powerful if they are shared, credible
(supported by facts and tests), specific (with respect to technological, economic and social
aspects) and coupled to certain societal problems which the existing technology is
generally not expected to be able to solve. T o couple expectations about technologies to
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societal problems, actors will translate their own expectations to other actors and engage
in cooperation.38 Furthermore, activities will be developed to substantiate the expectations; for example, by conducting research or by employing experts. When sufficient
support has been gained and the niche has been formed, close attention has to be paid
to the development of expectations. Niche formation and the development of a 'market
of expectations' go together.
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Articulation ~rocesses~~

We have pointed out that there are a number of barriers to the introduction and use of
a new technology. It is important to learn more about these barriers and how they may
be overcome. Many of the barriers involve uncertainty and perceptions. Learningabout needs, problems and possibilities-should thus be an important aim of niche
management policies. Design specifications, user requirements and side-effects need to be
articulated. The following articulation processes are particularly important:
(1) Articulation of technical aspects and design specifications. Which adjustments to the
technology are required? What is the scope for learning, and for overcoming initial
limitations?
(2) Articulation of government policy. What changes in the institutional structure and
legislation are necessary to make an application of the technology possible or to
stimulate its use? Should the government assume a different role?
(3) Articulation of cultural and psychological meaning. Which symbolic meaning can be
given to the new technology? For example, can it be labelled and promoted as a safe
and environmentally benign technology, as a 'feminine technology' and/or as a
technology that fits a modern life-style?
(4) ~ r t i c u l a t k nof the market: for whom (which users) is the new technology produced
and what are the consumers' needs and requirements? How can the technology be
marketed in an economically sound manner?
(5) Articulation of the production network: who should produce and market the new
technology and fuel?
(6) Articulation of the infrastructure and the maintenance network: which complementary technologies, capabilities and infrastructure must be developed? Who looks after
the maintenance of the new technology? Who is responsible for recycling or waste?
(7) Articulation of societal and environmental effects: what effects does the new technology have on society and the environment?
Experiments are a way to stimulate articulation processes that are necessary for the new
technology to become socially embedded. An important aim of experiments should
therefore be to stimulate the articulation of needs, problems and possibilities and to enact
a broad learning process. For example, an experiment with electric vehicles in the
Netherlands in the early 1990s resulted in a much clearer picture of the potential of
electric vehicles. It featured a series of articulation processes: articulation of technical
problems (malfunctioning of batteries in particular), articulation of user requirements and
experiences (a clearer picture of for whom the technology would be attractive-fleet
owners such as taxi companies, delivery firms), indications that technological limitations
could be overcome (through changed driving behaviour and planning of trips,
identification of regulatory constraint^)^^ and, finally, suggestions as to how Dutch
industry could benefit from the electric vehicle market.4'
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Network Folmation
The development of a niche may also require the formation of a new actor network.
Actors with vested interests in other technologies will generally not be interested in
stimulating a new, competing technology. They may participate in the developments for
defensive reasons but will show no real initiative. There are many examples of actors
trying to slow down or even stop the niche from developing. In order to expand the
niche, specific new actors must therefore often be involved in the affair, and the activities
of the existing actors and their interactions ought to be changed. New network relations
should be developed in which the new technology can function as desired. Public
autliorities could help to create such networks. They may also help to create and
articulate a vision of where the sector or society should be heading. This would help to
coordinate the strategies of technology developers, investors, regulators and users. In
order to have a major impact, these visions must be accompanied by policy measures,
such as the announcement of future regulations or taxes with respect to emissions and
the setting of clear policy goals.
Care should be taken, however, that the development of the technology is not
dominated by industry, but that the users and 'third parties' can also contribute their
ideas. Among these third parties are the actors who are affected by the results of the
technology, or organizations' such as citizen groups and environmental groups.

Final Remarks
The niche policies should consist of a package of measures that deal with the different
barriers in combination. The barriers should not be considered individually, lest we lose
sight of the coherence and interaction between the different factors. Policies should also
be aimed not just at changing the structure of incentives and constraints but far more at
learning and coordination. Possible ways to do this are by bringing together different
parties (firms, universities, research institutes) to work on a problem, providing financial
assistance, and manipulating technological and economic expectations-for example, by
securing a (future) market for a new product. In the case of technological controversies,
they could arrange discussions between proponents and opponents to generate better
understanding of the issues, and by doing so guide technology developers in their
decisions. As noted, learning and institutional adaptation should be an important focus
of policies. This will require a new role for public policy-makers, that of an enabling
actor and catalyst rather than a regulator or technology sponsor. This new type of policy
may be called a socio-technical alignment
Within this perspective, the challenge
of governments is not to maximize some imaginary welfare function but to ensure that
the processes of co-evolution of technological supply and demand lead to desirable
outcomes, in both the short term and the long run. This is also the approach of
constructive technology a s ~ e s s m e n t . ~ ~
In our view, strategic niche management is not just a useful addition to a spectrum
of policy instruments: given the difficulties and disadvantages of other strategies, it may
be the only feasible way to transform environmentally unsustainable regimes, even
though strategic niche management in itself will not be likely to be sufficient to achieve
a regime shift. T o achieve a regime shift away from unsustainable practices, additional
policies are needed, such as changes in the regulatory framework and state tax policies.
Strategic niche management may help to pave the way for making such changes in state
policies, by showing a possible solution to a problem. Thus, strategic niche management
is more likely to act as a stepping stone, which facilitates-rather than forges-change
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in a new direction. But there are also problems with it, and these need to be pointed out.
First, one must find a balance between protection and selection pressure. Too much
protection may lead to expensive failures and too little protection may preclude or
forestall different paths of development. This calls for on-going monitoring and evaluation of co-evolution processes and of the support policies themselves.
Second, there is no guarantee for success: changing circumstances may render the
technology less attractive and technological promises may not materialize. Hence, it is
important to promote technologies with ample opportunities for improvement, with a
large cost-reduction potential that can be applied in a wide range of applications. Even
if the technology does not yield short-term benefits, it may well be a useful technology
in the longer term. This means that it is important to take a long-term perspective. For
example, government support of electric vehicles has been criticized on the grounds that
the environmental gains are limited and their performance is poor compared to internal
combustion vehicles.44But this need not be true in a long-term vision, where electricity
is generated by solar energy and advanced batteries become available. Improved
batteries may also pave the way for hydrogen fuel-cell powered automobiles and wider
use of solar energy.
Third, it may be difficult for governments to end the support for a technology
because of the investments that have been made and resistance from those who have
benefited from such programmes: the 'angry technological orphans' (as Paul David has
called them) whose expectations have been falsely n ~ u r i s h e d . ~ "
Fourth, it is important to create critical mass (sufficient momentum). T o date, most
experiments with alternative transport technologies have been rather small and have
covered a short period of time. Experiments should be of sufficient size to allow for
learning economies and to bring about institutional change. There is also a danger that
the knowledge that is accumulated in the experiment is lost once the experiment is over.
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