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THE CONDECOL PROJECT 

The research project CondEcol is structured as a multi-disciplinary study of the conditions 
for moving existing production and consumption patterns in the direction of sustainable 
development. Working closely in the initial phase with two industrial partners, Norsk 
Hydro and Renewable Energy Corporation, the project has been given access to high-
profile cases of technology and product development as an empirical basis for identifying 
factors that may hinder or promote innovation and the diffusion of new technologies with 
a high eco-efficiency potential.  

Using the Industrial Ecology approach and eco-design in particular as an academic 
framework, and looking to socio-economic analysis and the network approach to 
environmental management, the aim is to seek an understanding of the barriers to and 
possibilities for the industrial transformation of production, distribution and consumption. 

The principal objective for CondEcol is to produce a better understanding of the 
factors that hinder or promote a more effective transformation towards sustainable 
production and consumption in business sectors with high energy-environment impact. 

The specific sub-goals of the project are to develop:  

− new perspectives on industrial planning and decision-making with respect to the 
introduction and consolidation of more eco-effective products and processes;  

− an interactive network model derived from case-studies of innovation processes which will 
(a) focus the responsibilities of interdependent actors in specific product-market 
constellations, and (b) allow for a better identification of obstacles to, and potential for, 
greater eco-efficiency;  

− a set of practical guidelines and procedures for effectively disseminating the lessons and 
implications of the project to relevant strategic actors: managers, authorities, labour leaders 
and NGOs. 
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1 INTRODUCTION 

The research project CondEcol, Exploring the Conditions for Adapting Existing Techno-
Industrial Processes to Ecological Premises, is structured as a multi-disciplinary study of 
the conditions for moving existing production and consumption patterns in the direction 
of sustainable development. This will be achieved by working closely with industry and by 
focusing on cases of technology and product development by industrial partners as an 
empirical basis for identifying factors that may hinder or promote innovation and the 
diffusion of new technologies with a high eco-efficiency potential. The aim of the project is 
to gain a deeper understanding of the barriers to and possibilities for the industrial 
transformation of production, distribution and consumption in order to design business 
strategies that can successfully introduce these new technologies and products in the 
market. 

This report serves as background and input to the CondEcol project by providing an 
analytical framework for the study of radical innovations and their embedding in society: 
the sociotechnical approach. In a first section some of the key elements of this approach 
are outlined by elaborating on its theoretical underpinnings. The following section 
provides an overview of Dutch research on environmental innovations and assesses  the 
complementary insights to the sociotechnical approach generated by these studies . This is 
followed by a further specification of the sociotechnical approach and its key elements in 
the context of the CondEcol project and of core variables in the emergence and 
development of alternative systems of production and consumption. A final section 
suggests a sequence of steps to be taken for the CondEcol project. 
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2 THEORETICAL FRAMEWORK: THE 
SOCIOTECHNICAL APPROACH 

The main question that is dealt with in this report is the way in which innovations with a 
significantly better environmental performance (signifying more radical change rather 
than features of incremental change) can develop and enter the market, and what role 
companies and other actors do and can play in this process.  

2.1 Innovation as co-evolution of social and technological change 

In this report innovation is conceptualised as a process entailing co-evolution of 
technological and societal change; in other words, technology is socially shaped. 
Innovation is an interactive process rather than a straightforward linear process in which 
new ideas, principles or knowledge that emerge from the fundamental research 
community bring about innovations in the applied research community to be tested before 
their introduction and potential further diffusion into the market. It “is not a process 
where actors (academia, laboratories, firms, users) intervene sequentially, but one during 
which durable links are created between these various players” (de Laat, 1996: 34). 
Instead of focusing almost solely on artefacts and the technical and economic problems 
and solutions related to them in the innovation process, the focus here is strongly on 
actors and the way their behaviour, perceptions, beliefs, and expectations originate from 
previous experiences, accumulated knowledge and competencies, as well as from the 
routines they have developed. In other words, present and future choices are conditioned 
by choices made in the past, and the dominant pattern of innovation is that of relatively 
predictable, incremental improvements of established networks and technologies that co-
evolve along established trajectories (Kash & Rycroft, 2000: 822).  This ‘normal’ pattern of 
innovation does not challenge the way technology is embedded in society nor the ‘rule set’ 
implicit in the way technology is configured. A fundamental starting point is thus that 
technology does not function independently, but that in order to work, technology is part 
of a larger configuration consisting of mutually attuned elements such as infrastructure, 
knowledge, skills, industrial organisation, regulatory standards and cultural norms, 
through which the technology can be handled productively. Thus, in a large technical 
system such as the electricity system, organisations such as electrical equipment 
producers, utilities, and investment banks are aligned to components such as scientific 
books and articles, education and research at universities, and regulatory standards 
(Hughes, 1987: 51). The functioning of technologies involves linkages between 
heterogeneous elements (Geels, 2002). The activities and interaction processes of actors 
are embedded in ensembles of social and technical components that make up a 
technological system, and are guided and constrained by rules and principles underlying 
the system. We use the term technological regime for this set of rules following Rip and 
Kemp (1998: 340), who define a technological regime as “the rule set or grammar 
embedded in a complex of engineering practices, production process technologies, 
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product characteristics, skills and procedures, ways of handling relevant artefacts and 
persons, ways of defining problems – all of them embedded in institutions and 
infrastructures”.   

2.2 Core elements of regimes 

In order to be able to use the concept of regime analytically, four core elements can be 
identified:  actors, technologies, networks, and institutions1.  

− Actors, their behaviour, underlying objectives and beliefs, competences, and resources are 
conditioned and constrained by existing regimes on the one hand, while on the other hand 
they shape the way regimes develop, and some actors may act as prime movers in the 
shaping of alternative paths and, eventually, new regimes.  

− In networks, different actors meet, interact and collaborate in order to safeguard interests, 
realise goals and objectives which can not be achieved independently, and exchange 
information, knowledge and resources. Thus networks are necessary to enable, facilitate, 
and align activities of actors and also function as platforms for solving the problems a 
regime faces, for establishing the principles under which technologies function (e.g., 
standards), for guiding the course of R&D (by shaping beliefs and expectations on the 
promise of technologies), and for the creation of new technological paths. We discern 
different types of networks relevant for the rule set that keeps the regime together, i.e., a 
policy network, market network, knowledge network, and societal network.  

− Technologies and their artefacts form the material part of a regime, with a variety of 
technologies and technological components making up a technological system. The way 
technologies and their components are linked in a technological system is a focal point of 
attention, as for instance the specific architecture or a dominant design  guides and 
constrains the evolution and uptake of technologies within a system.    

− Institutions, which are central to the notion of regime, can be identified at different levels, 
such as individuals (culturally determined habits, interaction patterns), firms (organisational 
routines, investment rules), regions (e.g., Silicon Valley, where a social structure of 
innovation emerged facilitating a start-up culture), industrial sectors (industrial standards, 
industrial organisation), and nations (national systems of innovation). Institutions are 
governed by formal rules, such as those laid down in legislation, and by informal, culturally 
determined ones.  

As a regime emerges and evolves, and the different elements become strongly interwoven, 
the mental frames of actors will view the existing technological system as the natural way 
things work. Alternatives that fall outside this frame of reference will intuitively be rejected 
because the focus tends to be the problems and limitations associated with them: they are 
assessed on their fit with the existing technological regime. And clearly, in the early stages 
of the development of a new technology numerous imperfections can be pointed out. 
Thus there is a need to include alternative frames of reference in evaluation mechanisms, 
such as a focus on achievements and the potential of new technologies, in order to 
appreciate technological options that deviate from the incremental path,. First, however, 
cognitive barriers need to be broken down, such as those established by the fact that 
members of technological communities have undergone “a long process of learning and 
socialization that produces deeply held assumptions about technology” (Lampel, 2001: 
307). They are often strongly rooted in existing regimes, cognitively, professionally, or even 
                                               
1 Previously identified by scholars such as Jacobsson and Johnson (2000), Berkhout et al. (2002) and Arentsen 
(2002). 
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economically, and tend to develop evaluation routines that filter out information not 
consistent with their beliefs about technology.  

Data inconsistent with an individual’s evaluation routines are either ignored or appear as noise. Data 
consistent with evaluation routines are perceived as information and cognitively rearranged in a manner 
that reinforces an individual’s beliefs. Given bounds to rationality, this bracketing of perception occurs 
because individuals may be more interested in confirming their beliefs than in actively trying to disprove 
them (Garud and Rappa, 1994: 347).  

This is but one example of the cognitive dimension of a regime that illustrates the difficulty 
of deviating from the technological path rooted in the regime. Entrepreneurs continuously 
influence paths by setting processes in motion when putting new products on the market 
and by employing new technologies. This, however, predominantly involves innovative 
activities that incrementally build upon the regime in terms of artefacts, knowledge, 
infrastructure and technologies. Incumbent firms tend to implement incremental 
innovations based on their established organisational and technical capabilities and on 
present methods of evaluation within their existing networks and markets. The main point 
of these examples is that innovation is “not a negation of the past, but an elaboration and 
extension in specific directions depending on the particular sequence of unfolding events” 
(Garud and Karnoe, 2001: 1). This concept of path dependence is useful to explain how 
lock-in to certain trajectories of change, organisational structures, or modes of governance 
occurs at different levels.  

2.3 Sources of path dependence 

In order to be able to understand how path dependence can be avoided or how processes 
of path creation occur, the concept of path dependence is tentatively unravelled at 
different levels of firms, networks, sectors and society, and for the key elements of regimes.  

At the level of the firm, decision making processes are largely determined by the 
routines that have developed based on cumulative knowledge, accumulated experience 
and competencies. For this reason search heuristics have been developed to determine 
which types of innovative activity may be worthwhile. What is worthwhile is defined from 
a firm’s core capabilities2 (Leonard-Barton, 1992) and based on the established designs of 
technologies and products (Tushman and Anderson, 1986). The results are patterns of 
incremental innovation that introduce relatively minor changes to existing products, 
exploiting the potential of the established design and often reinforcing the dominance of 
established firms (Henderson & Clark, 1990: 9). This is illustrated in table 1, where, 
drawing on Abernathy and Clark (1985: 5), characteristics are provided of innovations 
that grow out of the existing system and its structures. The knowledge, skills and 
organisational base of a company, in combination with existing capital equipment, 
materials and technological design, strongly affects the nature of innovative activities 
which are undertaken. The path-dependent nature of innovative processes is furthermore 
underpinned by linkages of companies with their existing markets and customers. 

                                               
2 Leonard-Barton (1992: 113) defines a core capability as the knowledge set that distinguishes and provides a 
competitive advantage. This knowledge set has four dimensions: skills and knowledge base, technical systems, 
managerial systems, and values and norms. “All four dimensions … reflect accumulated behaviours and beliefs 
based on early corporate successes” (p. 114).  
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Table 1  Characteristics of innovations growing out of the existing system (adapted from Abernathy 
& Clark, 1985: 5)  

 

Innovation aspect Innovation characteristics 

 

1) Company & technology specific aspects  

- design/embodiment of technology improves/perfects established design 

- production system/organisation strengthens existing structure 

- skills (labour, managerial, technical) extends viability of existing skills 

- material/supplier relations reinforces application of current materials, 
suppliers 

- capital equipment extends existing capital 

- knowledge and experience base builds on reinforced application of existing 
knowledge 

 

2) Market & customer specific aspects 

- relationship with customer base strengthens ties with established customers 

- customer applications improves service in established application 

- channels of distribution and service builds on and enhances the effectiveness of 
established distribution network/service 
organisation 

- customer knowledge uses and extends customer knowledge and 
experience of established product  

- modes of customer communication reinforces existing modes/methods of 
communication 

At the network level, firms are embedded in networks that co-evolve with the nesting of 
their products and technologies in product chains and technological systems. With regard 
to their innovative activities, the composition of the network and the direction of their 
activities will reflect the existing knowledge base and the established technology design, 
fostering consensus about the problems that need to be tackled and the way they should 
be solved. In the words of Bijker and Law (1992:10): “technologies are stabilized because 
the network of social relations in which they are involved – together with the various 
strategies that drive and give shape to the network – reach some kind of accommodation”. 
In the normal pattern of incremental innovation, network learning involves searching for 
knowledge close to previous learning activities and is mostly internal to the network, 
defined as local learning by Kash and Rycroft (2000: 823).  

With each incremental advance, local learning tends to become more focused and more dependent 
upon what has done before … Time pressures reinforce the path dependence of local learning … Often 
these time pressures lead to local learning that rejects large quantities of knowledge. In our case studies 
(six case studies of innovation in complex technologies3, PH) success in incremental innovation was 
directly related to the capacity to use only the knowledge needed to solve the immediate problem. 
(Rycroft and Kash, 2002: 26-27). 

                                               
3 Such as turbine blades, cardio-imaging technology, audio compact discs, radiation therapy technology, micro-
floppy disks, and microprocessors. 
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In their analysis of six cases of complex technologies, Kash and Rycroft (2000, 2002) find 
that while patterns of incremental innovations take place in stable networks along an 
established design, innovations of a more radical kind (either transitional or 
transformational in their terminology) require major modification or renewal of networks.  

At the sector level, increasing adoption of technology or new products feeds processes 
of standardisation to facilitate compatibility between various components (technological 
interrelatedness), and to facilitate the large group of users accustomed to the product 
(network externalities). Co-evolution of industrial organisation and established design 
reflects the way linkages between production, distribution, use and infrastructure are 
organised along the dominant design of the technological system (e.g., large central 
electricity producers focusing on supply factors in the era of monopolistic organisation 
with captive consumers and very limited customer communication and marketing). The 
formation of standards based on what is state of the art ‘within’ a sector can generate 
‘capture’ of the regulatory system and lead to barriers to innovation, as is shown in the 
following example. 
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BOX 1  An example of barriers to innovation in the printing sector due to path 
dependence and conflicting policies and interests 

In the printing sector, environmental policy plays an important role in the innovation process 
because it is one factor influencing the conditions under which printing will have to take place 
in the future. For example, developments to reduce emissions of volatile organic compounds 
are set in motion by environmental policies and serve as one driver for innovative activities in 
the sector. However, several barriers are encountered on the path towards less harmful 
products and processes, such as the use of water-based inks. One important barrier is related 
to the accumulated infrastructure and investments in a specific life-cycle path for paper. The 
sector has fully invested in a specific de-inking technique based on certain characteristics of 
paper and ink. The development path of the sector has led to accumulation of investments, 
infrastructure and knowledge in solvent-based printing and de-inking, and this has made it 
much more difficult to diverge from this path, although this divergence might in the longer 
term be beneficial both in environmental and economic terms. It is also a question of 
irreversibility, as through processes of adoption and standardisation in the printing process, “in 
the sense that the artefact or system cannot be easily dismantled after it has been put together” 
(Rip & Kemp 1998: 338). A well-known case is the QWERTY keyboard, which could not be 
replaced by a configuration that was generally expected to be much more productive (faster 
typing through a different layout of the keyboard). The layout of the QWERTY keyboard was 
originally designed in a way that prevented the typebars from clashing and jamming if struck 
in rapid succession (David 1985: 333). Due to the accumulation of competencies (peoples’ 
ability to type based on the QWERTY keyboards), as well as accumulated investments, 
standards, etc., various improvements to the keyboard faced rejection by the market (David, 
1985). The development of the cycle of printing and re-using paper shows similar features. 
Technologies of the entire paper chain, from production to the recovery of used paper, are 
harmonised with the use of solvent-based inks. De-inking technologies have matured in the 
last decades and have been based on characteristics of paper with close to 100% solvent-based 
inks. Thus the de-inking technique is based on solvent-based inks and becomes ineffective 
when the share of paper with water-based ink is roughly above the 5% to 10 % level. 
Obviously this is a threat for those producers of paper who predominantly recover used paper, 
e.g., for newspapers. Paper production is capital-intensive and the emergence of water-based 
inks is therefore threatening their survival, because it would make their investments obsolete. 
Policies are inadequately designed to deal with these types of change and resistance in this 
specific sector. While incentives in the Netherlands to develop water-based inks are well 
developed, there is a lack of incentives to stimulate market introduction of the technique. 
Likewise, there is limited fine-tuning of incentives between European countries and at the 
European level. Furthermore, the establishment within the paper industry considers the 
development of water-based inks as threatening, because it could imply a change in the now 
established routines of dealing with the whole chain of paper production, printing and 
recycling. Policies that can accommodate changes in the printing and paper sector towards 
this more environment-friendly process seem to be lacking. (Source: Hofman, 2001) 
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At the level of society, technologies and products become embedded in everyday life in 
the sense that routines of other actors become aligned to that of the established design. 
Thus, when people buy a house it is routinely expected that electricity wires and sockets 
are installed in the house and appropriately connected to the grid. The question of how 
electricity is generated and the possibility of alternatives (such as generation at the house 
or neighbourhood level through a set of generating options) does not arise. However, 
posing the question of how hot water is provided (which type, whose ownership) is a 
much more natural question, as here the established design is one of providing heating 
equipment for individual households (i.e.., we see different types of co-evolution of form 
and function of technologies). In both cases a network of social relations has evolved that 
constrains and shapes action sets, decision algorithms and actor preferences (Bassanini 
and Dosi, 2001: 61).     

In summary, path-dependent processes at different levels tend to reinforce each other, 
making it difficult to deviate from paths that are rooted within existing systems, with 
specific architectures of technologies, actor linkages, skills and knowledge flows. Table 2 
summarizes these path-dependent processes and the outcomes they produce. 
 

Table 2.  Path-dependent processes and outcomes at different levels 

 Path-dependent processes Outcomes 

Firm Routinised behaviour, organisational routines, 
investment procedures, training, search heuristics 
based on cumulative knowledge, accumulated 
experience and competencies, and established 
linkages with markets and customers 

Incremental innovation based on accumulated 
competencies and established perceptions of 
return and risk and user preferences (markets), 
e.g., through cost-benefit analysis and 
calculated returns on investments; 
organisational forms shaped by technological 
factors (e.g., established design) 

Network Co-evolution of technology and networks along 
routines and heuristics based on core capabilities 
and established designs; network composition 
based on mainstream competencies within 
existing technological fields  

Shared beliefs and expectations; guiding 
principles for improvement within established 
design; optimisation of components and 
technologies within the existing system; single 
loop learning 

Sector Industrial organisation co-evolves with the 
established design; tuning of production, 
distribution, consumption, infrastructure; 
formation of industrial standards (network 
externalities, technological interrelated-ness); 
formation of environmental standards 

Continuous system optimisation; industrial 
standards based on established design; 
standards based on what is state of the art 
‘within’ the sector, ‘capture’ of  the regulatory 
system 

Society System configuration becomes embedded in 
society (e.g., mode of governance matches the 
system), system becomes intertwined with daily 
life (‘electrification’)  

Societal demands are absorbed without 
fundamentally changing the sociotechnical 
configuration 

2.4 Deviating from established paths and regimes 

From the preceding discussion we can conclude that deviating from established paths is 
not an easy task. Deviation can be successful if the innovation manages to mobilise a new 
constituency for the product or technology, by aligning actors and artefacts in an agenda 
for the further spread of the innovation and by continuously reducing uncertainty 
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regarding the direction of the innovation process. In a way then, successful innovation 
means setting in motion the same type of processes that have created the existing regime. 
After indicating the characteristics of radical innovations for company- and technology-
specific aspects and market- and consumer-specific aspects (in the two left columns), as 
proposed by Abernathy and Clark (1985:5), table 3 envisions the types of changes or 
actions that may be required at the level of the firm to make the radical innovation work, 
in a third column added by the author.   

 
Table 3.  Radical innovation characteristics and types of changes required 

Innovation aspect Radical innovation characteristics Type of change/actions required 

 

1) Company- and technology-specific aspects 

– design/embodiment of 
technology 

offers new design, radical departure 
from past embodiment 

find out what kind of design fits both 
technology and society 

– production 
system/organisation 

demands new system, procedures, 
organisation 

gain experience with production 
techniques and organisation 

– skills (labour, 
managerial, technical) 

destroys value of existing expertise re-train workforce, recruit new labour, 
build new expertise 

– material/supplier 
relations 

extensive material substitution; 
opening new relations with new 
vendors 

search for reliable and cheap materials, 
find reliable suppliers 

– capital equipment extensive replacement of existing 
capital with new types of equipment 

find, develop appropriate equipment and 
reliable equipment suppliers 

– knowledge and 
experience base 

establishes link to whole new 
scientific discipline, destroys value of 
existing knowledge base 

tap and find new sources for type of 
knowledge required, build new 
knowledge base 

 

2) Market- and customer-specific aspects 

– relationship with 
customer base 

attracts extensive new customer 
group, creates new market 

find out what the new market is for the 
innovation, what are appropriate niche 
markets 

– customer applications creates new set of applications, new 
set of customer needs 

customise product to potential 
application and user preferences 

– channels of 
distribution and service 

requires new channels of distribution, 
new service, aftermarket support 

modify and build up channels of 
distribution, service; develop 
competencies for maintenance 

– customer knowledge intensive new knowledge demanded 
of customers, destroys value of 
customer experience 

set up pilots to analyse user behaviour 
towards product/technology, develop 
means for educating users 

– modes of customer 
communication 

totally new modes of communication 
required 

develop appropriate modes of 
communication 

 

What becomes clear from this general overview is that the types of changes required by a 
radical innovation can be rather comprehensive. While some changes may involve a 
change of routines within the innovating company (e.g., organisation of production), the 
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table aims to illustrate that most of the changes will also require a change of routines by 
customers and other companies, for example within the product chain, such as 
maintenance and repair firms that have to learn how to deal with the specific problems of 
the new product or technology. This is likely to require major modification or renewal of 
the networks of the innovating company, as well as demands for multi-stakeholder 
ventures into the conditions and infrastructures under which the radical innovation can 
perform. Moreover, while in some of the necessary changes the innovating company may 
be able to play a leading role, other changes, such as building a knowledge base and 
establishing a design for the way the technology is configured in society, need to be 
initiated or accompanied by processes of institutional change. These wider processes of 
institutional change can also act as a lever to facilitate introduction and diffusion of the 
product/technology (e.g., programmes for support), to create some momentum (e.g., 
greening of the tax system to make the new technology more competitive), and to secure 
that in its further diffusion the product exploits its sustainability potential. In other words, 
a process of learning and socialisation of radical products and technologies needs to be 
initiated in which markets are shaped, alignment with policies takes place, and the 
engineering concepts, principles and problems underlying the new products and 
technologies become part of the agenda of the knowledge infrastructure. 

The type of institutional changes required depends largely on the nature of the 
innovation itself. In the famous case of the Post-it Notes, for example, the essential part of 
the innovation process was mainly internal to the company 3M. The inventor had to 
overcome strong barriers within the company related to existing evaluation routines, as 
this “glue” that didn’t glue did not fit the frames of reference and routines within the 
company, which had been built up through years of experience in providing the office 
supplies the customers wanted. As virtually all company employees were unable to 
disengage from their existing products and markets and their existing mindsets, they were 
also unable to appreciate the potential of this new product. To imagine a piece of paper 
that would eliminate the need for tape was almost unthinkable. Only because the inventor 
was convinced of its potential and committed to making it work, had a powerful 
personality (‘champion’), and was able to mobilise others to share his vision regarding the 
invention, was it further developed (the idea of sticking the glue on a piece of paper came 
from someone else within 3M), tested and marketed (by providing samples in and later 
outside the company, people in 3M became convinced that this was a good business 
opportunity). From the invention of the weak glue to mass production of the product took 
a period of 12 years. As customers soon understood the usefulness of this product, and 
took it for granted in their office routines, Post-it Notes speedily became a natural part of 
the office supplies used.  

Path creation, in the case of Post-it Notes, involved the disembedding of an individual from localized 
structures of relevance and provinces of meaning, overcoming the inertia and momentum that he 
encountered, mobilizing others to work on an idea that was transformed over time, all the while being 
flexibly resolute with a vision of what might be possible. (Garud and Karnoe, 2001: 20)  

The new technologies and products studied in the CondEcol project are of a different 
nature and demand more far-reaching changes than the case of Post-it Notes. They 
deviate fundamentally from existing modes of production and consumption (e.g., small-
scale photovoltaic power as a means of generating electricity), existing infrastructures (e.g., 
hydrogen and CO2), and existing knowledge bases (e.g., fuel cell technology for cars and 
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power generation vs combustion engines and turbine technology). We suggest that some 
of the main barriers for these new products and technology are based on an ‘institutional 
fabric’ that is missing, which results in a lack of alignment and linkages between different 
actors for the further development and diffusion of the product or technology. The 
institutional fabric is missing for a (re-)configuration of relations between producers and 
consumers; for dealing with and solving safety concerns, e.g., an absence of generally 
accepted safety standards for hydrogen delivery and storage; as regulatory frameworks 
have to be developed, such as regulations for CO2 as a coolant and rules for integration of 
photovoltaic modules into rooftops; etc. Regarding the knowledge base, institutional 
change is necessary in order to gain more public and private support for R&D on the new 
technologies, their components and materials, and to address the problems faced in 
establishing trajectories of improvement. This may imply a change of mindset for the bulk 
of technological community members who are involved in technology programmes, 
towards acceptance of the potential of a new product/technology or changes in the 
composition of selection boards altogether. It may also imply different roles for actors or 
key involvement of different types of actors in projects, related to the nature (or projected 
future design) of the technologies, such as a stronger role for municipalities in supporting 
local-based small-scale energy technologies that replace or complement the existing 
centralised system for electricity supply.  

Key to the CondEcol project is to gain more understanding of the types of institutional 
changes that may be necessary to facilitate the introduction of the proposed technologies 
and products, to identify pathways that may initiate and enable these changes, and to 
develop appropriate tools for achieving these goals. In the Netherlands, a number of 
researchers and research initiatives have tackled similar issues, and the next section aims 
to establish whether work from Dutch research institutes can provide complementary 
insights to the ideas that have been presented so far.  
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3 COMPLEMENTARY INSIGHTS TO THE 
SOCIOTECHNICAL APPROACH FROM 
RESEARCH IN THE NETHERLANDS4   

Using a sociotechnical perspective as our point of departure, this section addresses the 
question of to what extent research by various groups in the Netherlands can contribute 
to the scientific and empirical development of the concepts in this perspective, develop 
complementary approaches to it, or employ alternative approaches to innovation 
processes. In the main text we briefly introduce the main research groups in the 
Netherlands and their predominant approach to innovation, positioning them in relation 
to the concepts of the sociotechnical perspective and discussing their contribution and 
value added to sociotechnical thinking in light of the design of the CondEcol project. In 
an appendix we provide more detailed information on the various groups in terms of key 
projects, overviews of publications, and descriptions of key publications. 

3.1 MERIT/TU Eindhoven/University of Twente 

A group of researchers mainly originating from Twente (with the exception of Rene Kemp 
from MERIT) has been influential in developing a specific analytical perspective on 
transitions. They have thus been concerned with the way more radical innovations come 
about and penetrate society. To understand technological transitions, a multi-level 
perspective is developed that builds upon insights from the field of Science and 
Technology Studies (STS). At the heart of this transition theory are three ‘levels’: the 
sociotechnical landscape, regime, and niches, and the interactions between them. The 
meso-level of sociotechnical regimes accounts for the stability of existing technological 
development and the occurrence of trajectories. Technological transitions are about 
major changes in sociotechnical regimes and may involve changes in many dimensions 
of the regime, such as in technology, user practices, networks, regulation, infrastructure, 
required knowledge, and culture.  The macro-level of landscape consists of mostly 
slowly changing external factors (at the level of society: cultural factors, the way markets 
function, the political system) providing gradients for the innovation trajectories within 
regimes. The micro-level of niches accounts for the generation of radical innovations. 
Regime shifts, according to these scholars, occur as follows. A novelty (new technology, 
concept, or organisational form) emerges in a local practice and becomes part of a niche 
when system builders are able to form a network of actors that believe in the promise of 
the new technology and are willing to fund further development. The niche is formed 
against the background of the existing regime and landscape. The further success of niche 
formation is linked to processes within the niche on the one hand (micro-level, e.g., 
improvement of the technology in terms of functionality, efficiency and reliability) and on 
the other hand to developments at the level of the existing regime (meso-level, e.g., the 
way the niche can exploit certain tensions in the regime, certain dimensions where the 
                                               
4 References for this section can be found in the appendix, in the list of publications for each group.  
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regime is opening up, such as the increased attention being paid to the climate change 
problem) and the sociotechnical landscape (macro-level, such as the development 
towards the new economy, which certain new technologies may exploit). When market 
niches expand, the new technology may transform or replace the existing regime, for 
instance through hybridisation in an early stage, becoming independent later on when the 
niche technology has become superior (such as in the example of the gas turbine, which 
was only an auxiliary device at first relative to the steam turbine but later became 
dominant). In a later stage, the new regime may even trigger changes at the landscape 
level (e.g., the computer regime leading to applications such as the internet with its 
pervasive impact on society). 

The group (especially Geels and Kemp) has also played a leading role in developing 
the concept of ‘transition management’, which has played a prominent role in the most 
recent National Environmental Policy Plan.  

Transition management tries to orient existing dynamics towards transition goals chosen by society. 
Through its focus on long term goals of sustainability and its attention to dynamics it aims to overcome 
the conflict between long-term ambition and short-term concerns. Key elements are the formulation of a 
transition goal and the use of process management based on a philosophy of learning-by-doing and 
doing-by-learning. Actual policies and goals are evaluated in development rounds. (Kemp and Rotmans, 
2001: 1). 

Rotmans et al. (2000) argue that transitions commonly take place in four phases: 
predevelopment (with little visible change but ample experimentation), take-off (the 
system begins to shift as change gets under way), acceleration (structural change takes 
place through accumulation of socio-cultural, institutional and economic changes reacting 
to each other), and stabilisation. The nature of government intervention should be attuned 
to the relevant phase of the transition (see figure 1). 

 
Figure 1.  Role of government in phases of a transition process (Kemp & Rotmans, 2002: 14) 

  

  Pre-development phase: 

- Keeping a wide playing field 
- Promoting participative discussions
- Strategic niche management 

Take   off  phase: 
- Mobilisation of actors 
- Programmes for system 
   innovation 
- Quality images 

Acceleration phase:
- Selection of options 
- Policies for structural change 
- Monitoring of outcomes 
- Adjustment 

Stabilisation phase:
- Stimulating a new regime
  (consolidation)
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Value added relative to the sociotechnical approach 
In overview, the operationalisation of the concept of transition management has remained 
on a rather abstract level, without providing very concrete modes of action for either 
government agencies or companies, but it should be noted that this may currently be one 
of the most dynamic research areas in the Netherlands. One rather detailed example of 
transition management might be the notion of strategic niche management as a strategy 
for constructing transition paths. It proposes the planned development of protected spaces 
for certain applications in which a new technology is attractive and its disadvantages 
(economic, integration problems) play a lesser role (Kemp et al., 2001). Through 
experiments the aim is to learn about changes in the technology and institutional 
framework necessary for the economic success of the new technology (articulation 
processes in which the product is shaped towards the function it may fulfil). Another aim 
is to build a supporting network around the product (“a constituency of firms, researchers, 
public authorities, whose semi coordinated actions are necessary to bring about a 
substantial shift in interconnected technologies and practices”) (Kemp et al., 2001: 289). 
Thus, these researchers point out a number of relevant steps and processes to be instituted 
in order to enable new technologies to penetrate the market (see also appendix). What is 
underdeveloped, however, is the role of regime development in this process and the way 
niches can exploit these ongoing dynamics in regimes (the plural is important here as 
niches gain strength if they are able to link with multiple regimes: e.g., biomass as a source 
of electricity generation but also as a way to close the waste cycle in the waste regime or 
agricultural regime), as well as the way that changes in the rule-set of the regime may pave 
the way for niche developments (e.g., the process of liberalisation which has offset a 
multitude of changes both in the regime and at the niche level). Related to this is also the 
criticism that although this group emphasises the importance of co-evolution, there is still 
a tendency to focus more strongly on technological change patterns (to see these as 
dominant drivers) and less on patterns of institutional change. Another point of criticism 
is that the role of the firm is underexposed in this research, on the one hand because the 
normative goal of transition tends to focus attention on the role of government, and on 
the other hand because there is a macro-oriented focus on patterns and mechanisms of 
technological transitions (e.g., Geels (2002a), who also acknowledges this in his thesis).   

3.2 Erasmus University Rotterdam: Centre for Sustainable 
Development and Management (ESM) 

The research of this group is centred around the role of the firm in environment-oriented 
innovations, with a specific focus on innovations that have their basis in organisational 
change. The development of environmental management within companies is one of the 
areas of research, with specific publications by Roome on how this entails a process of 
change within companies and a process of change in dealing with external stakeholders. 
In more recent projects and proposals the focus is also on the organisational implications 
for firms striving for a transition to sustainability that requires ecological, social and 
economic knowledge about different contexts and the way they are impacted by a firm’s 
activities. In a recent report from the European Commission, Roome (2001a) outlines the 
type of multi-actor platforms that could enable this information to be assembled and the 
choices made about the direction of transition to sustainability. Transition pathways that 
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encourage this type of local flexibility result in a greater diversity of activities. Transition to 
sustainability not only involves a high degree of engagement between companies and their 
stakeholders, as is now commonly accepted. It also involves engagement by stakeholders 
from different points in their global supply chains, or from the many locations where their 
products are produced or sold. This runs counter to the tendency in large companies 
toward standardisation and centralisation arising under the pressure of economic 
globalisation. Yet, these local ‘clusters of stakeholders’ can be assumed to possess 
fundamentally different perspectives and interests and provide different forms of local 
knowledge. Transition to sustainable enterprise is a matter of reinventing the company, as 
well as with its relationships with others in the sociotechnical systems in which its 
products/services are embedded (Roome, 2001b). 

The network perspective is a key element in the ESM’s approach to environmental 
management, as in a system of more sophisticated environmental management the firm 
needs to connect with a variety of stakeholders. The focus on networks is also present in 
their research on industrial ecology and product chains. Networks, such as in industrial 
ecology, are deemed crucial in order to advance towards sustainability, since they are able 
to provide adaptability (e.g., continuous rethinking of goals, strategies and imple-
mentation) and diversity as a learning potential (the presence of multiple perspectives 
increases the likelihood of higher order learning occurring), as well as enabling the 
exchange of tacit knowledge. One focus is on the organisational mode of networks and its 
relation to the type of innovation that is likely to be generated. Loose coupling within 
networks promotes radical innovation through its diversity and adaptability, but it is less 
conducive to the exchange of tacit knowledge necessary to realise the full learning 
potential, while tight coupling is more conducive to the exchange of tacit knowledge but 
favours incrementalism (Boons and Berends, 2001). While the previous research focuses 
mainly on processes internal to the firm and its networks, Boons et al. (2000) more 
explicitly focus on the interaction between external and internal factors and processes and 
how this has shaped the greening of business practices in the Netherlands. Some of the 
‘new’ organisational routines that have been studied are the product-oriented approach to 
environmental problems (e.g., ecodesign), the prevention-oriented approach (pollution 
prevention and cleaner production), and the management-oriented approach (e.g., 
environmental management systems). Boons et al. conclude that although these routines 
have become part of the operational and management activities of companies to some 
extent, this has generally not resulted in fundamental changes such as radically new 
technologies, products, or designs. They tentatively explain this by the fact that the 
introduction of these organisational routines has not been accompanied by shifts in power 
(changing and new coalitions) or changes in values. In his doctoral dissertation, Dieleman 
(1999) also focuses on change processes in companies, specifically addressing the question 
of why companies seem to be captured in a trajectory of cleaning up pollution and cannot 
easily make the change to prevention and process-integrated solutions. He explains this by 
elaborating how a certain way of doing things has become institutionalised during the past 
30 years in problem approaches, laws and regulations, education and technology, 
standard solutions and so forth (Dieleman, 1999: 200). His focus is on cleaner production 
projects as a way to undermine this existing ‘arena’. “Because an arena has the character 
of a ‘seamless web’ with numerous interwoven alignments and connections, change that is 
fundamental in several ways demands changes of all actors involved” (Dieleman, 1999: 
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200, translation PH). The framework he develops for analysing and explaining change 
processes in companies is based on insights from technology studies, institutional 
economics and evolutionary theorising. Firms have developed a certain blindness, a way 
of viewing problems and solutions in one particular way, which hampers the prevention 
of pollution as firms tend not to see the opportunities available. Alternative solutions are 
also difficult to implement due to path dependencies, as existing functional and structural 
connections (e.g., with the regulatory setting and knowledge infrastructure) are not geared 
to this type of change. He concludes that change processes rely on confrontation revealing 
blindness, making it visible, and confronting actors with other problem approaches and 
means of problem solving), reflection (analysing linkages between various levels that 
create path dependencies, such as the relationship between a firm’s accumulated 
competencies and the knowledge infrastructure), and experimenting and learning 
(through trial and error, opportunities and their frontiers can be assessed in a process of 
learning by doing, using and interacting). A partial explanation lies in the composition of 
the networks of the cleaner production projects which were not designed from the 
perspective of stimulating confrontation, and in the firm’s wider context (e.g., regulatory 
environment; intermediaries; knowledge infrastructure) which was not geared towards 
stimulating prevention, and had it roots mainly in the trajectory of cleaning up pollution 
(i.e., pollution control instead of pollution prevention). The observation of Boons et al. 
(2000) that the more top-down oriented approach of stimulating environmental 
management dominatesthe more bottom-up oriented pollution prevention approach is 
also relevant. The environmental management approach is much more oriented towards 
providing environment-relevant information with much less emphasis on redesigning and 
improving production processes and products. In that sense it is more suited to the 
regulation approach, policy style, competencies and routines of permit givers and 
inspectors, who are able to judge whether the delivered information is appropriate but 
much less so whether a production process could be significantly improved. 
Competencies, routines and the entire institutional set-up for pollution prevention had to 
be developed, which turns out to be a very difficult task (these last insights based on 
research by de Bruijn and Hofman, 2000). 

Value added relative to the sociotechnical approach 
The focus of this group is not as broad as that of the sociotechnical approach, where the 
embedding of technology in society is central. The ESM’s main unit of analysis is the firm, 
and their focus is on the way the environmental orientation of a firm’s behaviour is both 
driven and facilitated by other actors (e.g., stakeholders) and the networks in which it 
operates. In Dieleman’s work there is explicit use of the concepts central to the 
sociotechnical approach (unfortunately his dissertation is in Dutch), while in other studies 
organisational routines of firms and their networks receive primary attention. Although 
the concept of learning in firms and their networks is a key issue, not much attention has 
been devoted to how this affects or combines with the introduction of more radical 
technologies or products. There is a good deal of focus on the process of learning, but 
much less on how specific pathways for radical innovation can be initiated and shaped in 
the context of more or less stable regimes.   
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3.3 University of Utrecht: Copernicus Institute for Sustainable 
Development and Innovation 

This is a research group which focuses on policy, innovation and systems change from a 
sustainable perspective. The institute, which was founded in 2001, consists of researchers 
from various departments at Utrecht. The group has been active in several research 
projects that deal with issues of system change, especially the transition to a more 
sustainable energy system, with projects in the areas of both electricity and transport. One 
of the objectives of the institute is to contribute to increased understanding of processes of 
system change, with multi- or transdisciplinary research as a necessary tool for attaining 
this understanding. However, most of the work of this institute has either a strong 
technical and economic focus (e.g., work by Faay on biomass and Turkenburg on energy 
systems) or is policy based (e.g., Glasbergen’s work). Recently, some of their work 
specifically focuses on transition processes and the way strategic intermediaries can 
contribute to them (Van Lente et al., 2002). Smits (2002: 862) argues that “shifts in the 
context of innovation processes, more particularly the emergence of the ‘porous’ society, 
will lead to a radical transformation of innovation systems in which (knowledge intensive) 
intermediaries and the quality of the interface between users and producers play an 
increasingly important role”. Related to this, Smits & Kuhlmann (2003) explore the rise 
of, and need for, ‘systemic instruments’ in innovation processes. They identify several 
functions that play an important role in current innovation processes: 1) management of 
interfaces; 2) providing platforms for learning and experimenting; 3) providing an 
infrastructure for strategic intelligence; 4) stimulating demand articulation, strategy and 
vision development. Existing policy instruments only fulfil part of the systemic functions, 
and further development of systemic instruments is called for. This especially includes 
strengthening of the intermediary infrastructure comprising institutions, mechanisms and 
organisations aimed at improving the interface and exchange of knowledge between the 
supply side and the demand side (Smits & Kuhlmann, 2003 : 7). Luiten’s dissertation on 
energy-efficient technologies is also relevant, as she adopts a network approach based on 
the insights from technology studies (see appendix for full review). In a spin-off of this 
dissertation Luiten and Blok (2003) explore the balance between ‘internal’ and ‘external’ 
factors driving the R&D trajectory of a successfully introduced energy-efficient 
technology. Their work provides very relevant insights on the micro-level of technology 
development, e.g., details of a process of trial and error and the way actors perceive what 
is possible and what is not. The role of one firm believing in a radically new design while 
others did not has been crucial to its development (Luiten & Blok, 2003: 386. This 
stresses the ‘bounded rationality’ of actors and the beliefs and expectations underlying 
their behaviour. 

Value added relative to the sociotechnical approach 
Most of the work done by this group is of a dominantly technical or social nature, and 
thus largely neglects the core mechanism of co-evolution of technical and social elements. 
Favourable exceptions are the work of Smits et al. and of Blok and Luiten. Smits’ work 
especially focuses on the means for (policy) intervention in processes of systems change, a 
still largely uncharted research field. The approach taken in Luiten’s dissertation is 
interesting (see appendix for full review), because she follows the main actors (in so-called 
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micro-networks) in the innovation process very closely, from the start of an idea until its 
implementation. What especially comes out of her research is the importance of one or 
several dedicated and committed actors to the innovation, i.e., the importance of believing 
in the potential of the innovation. This seems an almost intuitive kind of behaviour, based 
on earlier experience and a positive assessment of the technology’s potential, despite all 
the uncertainties that lead to a rejection by most other actors. These insights are similar to 
the case of Post-it Notes, where the tenacity of one actor was also decisive.  

3.4 TNO Apeldoorn:  Institute for Strategy, Technology and Policy 
(TNO-STB) 

In several recent publications this group has focused on system innovations by using the 
concepts of niche, regime and landscape in a way similar to that of the Merit-Eindhoven-
Twente group (Butter et al., 2000; Butter, 2002). Butter et al. interprets system innovations 
taking place through the alignment of several separate technological innovations 
combined with institutional and organisational changes. Based on this analysis they 
develop a policy of system innovations with three layers: 

− Layer 1: System innovations: the stimulation and alignment of singular innovations that will 
contribute to the system innovation. 

− Layer 2: Singular innovations; the development, dissemination and adoption of singular 
innovations in individual organisations.  

− Layer 3: Innovation climate: the creation of a supporting generic climate for sustainable 
innovations. 

All three layers are essential elements in a policy for system innovations. A focus on 
individual innovations may fail to achieve system innovation: the innovations may be used 
in a conservative way to improve an existing system. Change in the innovation climate 
may be necessary to ‘grease the wheels’ of environmentally beneficial change through 
innovation.  

Value added relative to the sociotechnical approach 
The thesis of this group, that system innovation takes place through the alignment of 
several individual technological innovations combined with institutional and 
organisational changes, is not backed by an appropriate theoretical or empirical frame-
work. Thus these questions remain:  

− What characteristics and what circumstances must pertain if certain combinations of 
individual innovations are to lead to system innovations?  

− Is there a sequence (e.g., niche cumulation in the terminology of Geels, Kemp, and others), 
or do these innovations develop in parallel?  

− What kind of institutional and organisational changes are necessary, and how are these 
triggered? 

− How do technological, institutional and organisational changes interact: does one prelude 
the other, to what extent can they emerge intentionally, etc.? 
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3.5 Wageningen University: Environmental Policy Group 

This group has been quite influential in developing and spreading ecological 
modernisation theory. Ecological modernisation theory is concerned with how 
contemporary industrialised societies deal with environmental crises (Mol and 
Sonnenfeld, 2000). It posits that environmental reform of the modern organisation of 
production and consumption can shape a path towards sustainable development, based 
on the idea that collaboration among key actors, such as government, industry, reform-
oriented environmentalists, and science, can generate win-win outcomes of economic 
development and environmental improvement. This takes place through a process of 
institutionalising ecology in the social practices and institutions of production and 
consumption, implying new ‘rules of the game’ for the social organisation of production 
and consumption (Mol, 1995: 29; Van Vliet 2002: 14).  

Value added relative to the sociotechnical approach 
The inclusion of institutional contexts and processes in the explanation of environment-
oriented innovation yields a research approach where the focus is on the co-evolution of 
technical and institutional innovations emerging and reproduced in the networks which 
are studied. This type of network analysis is useful for understanding patterns of change, 
although there is no specific attention focused on the types of reform that can facilitate 
more radical changes. Moreover, the work of this group seems to be largely descriptive; 
while their approach can be useful for analysing changes, they fail to explain why these 
changes come about and why in these specific configurations. There is a lack of specificity 
regarding the mechanisms through which environmental pressures lead to change at the 
level of firms and their networks.  

3.6 Energy Research Centre of the Netherlands (ECN) Petten: Policy 
Studies Group 

The ECN is the main energy research organisation in the Netherlands, involved in both 
basic technological energy research and more policy-oriented energy research. The focus 
at the ECN is very much on energy technologies; the focus on energy policy is 
considerably less but has increased during the past decade. With the increasing demand 
for understanding and exploring systems change, the ECN is increasingly looking for 
approaches that better take into account the complex nature of system innovation. In 
several reports they have focused on actors, their strategies and expectations, in order to 
gain insight into the prevailing perceptions regarding a changeover towards several 
promising energy technologies in different infrastructure settings.   

Recently the ECN published a report called Energy technology in the tension between 
climate policy and liberalisation (Van Hilten et al., 2000). This report explores three 
possible energy blueprints for fifty years from now: an all-electric society, an all-hydrogen 
society, and an extension of the existing infrastructure society. The report lists all available 
energy technologies and establishes their potential role in the various blueprints, assessing 
how strategies of the actors relate to the various blueprints. This report is innovative 
because it stresses the importance of actor strategies and of various societal aspects in the 
future development of the energy system. It is useful as it provides an overview of actor 
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strategies, but it fails to explain what drives these actor strategies and how they may offset 
a process of transition.  

In another project the ECN contributed to a more specific approach on how to assess 
the potential for projects that are defined as radical or architectural innovations. 
Socrobust is an acronym for societal robustness, and this project focuses on the 
management of architectural innovations to be embedded in society. The University of 
Twente (Prof. A. Rip) was a major partner in this project (theoretically and 
methodologically), while the ECN provided a case study (on micro combined heat and 
power systems). In this project the theoretical considerations of sociotechnical change are 
a point of departure for understanding the embedding of technology in society.  

Two central results of the sociology of innovation have been mobilised. The most critical one lies in the 
inversion of scenario making, focusing not on external scenarios but on the project’s own endogeneous 
scenarios, in order to unfold the ‘de-scription’ of the future world inscribed in the project. The second 
critical element lies in the implications of the notion of breakthrough innovation. As demonstrated 
again by the sociology of technics, to break from present market structures, requires a collective 
agreement. This supposes debates and fora where agreement takes place. Success in fostering agreement 
is then measured by the robustness of the alignment of arguments and actors arrived at, which makes it 
difficult to go against the grain. Together these features underpin a methodology based on (i) unfolding 
the future world of the project and, by comparison with present states of affairs, identifying and 
characterising strategic or key changes required, and (ii) via a focused external search/watch, assessing 
the ‘societal robustness’ of key changes along the three possible breakthrough dimensions identified in 
the literature: technological, infrastructural (especially the legal, administrative and regulatory 
environment) and in user-producer relationships. This helps in further characterising the project and the 
firm’s capacity for shaping the market. (Jolivet et al., 2002: 1) 

The main rationale for the project is that innovations of a radical or breakthrough type 
cannot be managed in the same way as incremental innovations. “Some analysts go so far 
as to say that sound management practices for the development of incremental 
improvements may well be detrimental to the development of discontinuous, 
breakthrough innovation” (Socrobust, 2002: 7). One fundamental insight this project 
departs from, based on actor network theory developed by Callon and Latour, is that a 
new technology has inscribed in it already a vision of the world in which it would work (a 
so-called ‘script of the future’, see also de Laat, 1996). Thus a fundamental part of the 
project is not only focused on whether the technology functions, but whether the world 
(or sociotechnical configuration) in which the technology would work is also likely to 
unfold, or whether in the process of shaping the innovation it is possible to shape the 
social configuration in which it can function. Thus progress of a project is not evaluated 
merely in technical and economic terms but also in social terms, such as the way certain 
controversies are solved, acceptance is gained, and actors gain belief in its promise as 
expectations become more specified and articulated. This is where the term societal 
robustness comes from: is the technology robust enough to become embedded within 
society?      

The Socrobust methodology consists of four steps, with the basic sequence as follows 
(Socrobust, 2002: i): 

− The initial step is to describe the project from different angles: first a narrative of events to 
date; second a mapping of the cast of actors currently implicated in the project; and third a 
detailing of key events or turning points along the way. Having established a picture of the 
past, the next challenge is to image and describe a future world in which the project has 
succeeded and its goals have been achieved. This future working world is represented in 
different ways: via a revised mapping of the actors who will be involved and a more precise 
specification of anticipated relations between them.   
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− The second step is to look back over this descriptive material and identify the key changes 
which will have to take place if the gap between the present and future working world is to 
be closed.   

− The third step homes in on these key changes but from a new perspective. The purpose here 
is to put the key changes in context, to check on their viability given events in the world 
beyond the project, and to thereby assess and evaluate the project’s present positioning and 
the key assumptions on which it depends.  

− Having made this assessment, the final step is one of identifying plausible and relevant next 
steps and of identifying those on which the project manager can act. 

Ten tools were developed in this process to facilitate the management of breakthrough 
innovations (Laredo et al., 2002). Because of their relevance for the CondEcol project, 
table four, on the next page, provides an overview of the tools with a short description.  

Value added relative to the sociotechnical approach 
While the ECN can provide relevant information on the performance of energy 
technologies and some initial information regarding actor strategies, most of their research 
generates only limited value added to the ideas of the sociotechnical approach posited 
earlier. However, the Socrobust project, to which both the ECN (Schaeffer) and Twente 
(Rip) contributed, is very relevant for our purposes. Socrobust builds a methodology to 
find out what the requirements are for a new product/technology in terms of institutional 
and sociotechnical design and what actions should be taken to create those conditions. Its 
methodology is designed specifically to deal with breakthrough innovations, using the 
sociotechnical perspective as its point of departure, and provides concrete tools to deal 
with the process of embedding products within society. Several elements of the Socrobust 
approach will be integrated in the following recommendations for the design of the 
CondEcol project.  
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Table 4 . Tools for the management of breakthrough innovations (based on Laredo et al., 2002 and 
Jolivet et al., 2002)  

Tool Description of tool 

(1) Project 
narrative 

A narrative, understandable for outsiders, of the main elements of the project, such as 
its origin, the basic idea and need it is addressing, the main lines of choice and 
difficulties/uncertainties experienced, the artefact design and its basic principles and the 
expected future of the project 

(2) Critical 
moments 
table 

Identify turning points within the project and analyse them in order to develop a 
strategic reading of the project narrative.This implies a description of the project’s 
trajectory to date and the main factors influencing it by focusing on main events, critical 
choices, envisaged solutions/outcomes, the nature of alterations and degree of 
irreversibility of changes. 

(3) First 
visualizatio
n of present 
network 

Develop a map showing which actors are involved, where they are positioned, how 
they relate to each other and which intermediaries and things (artifacts) bind them 
together. This so-called techno-economic network is made of four poles in which actors 
are plotted: the Science pole, Industry pole, User pole, and Regulation pole.  

(4) Table of 
critical 
actors 

An assessment of the heterogeneity of the network and the nature and durability of the 
actors’ involvement. It also reveals the existence of other actors located at the different 
poles and pursuing similar goals, but sometimes representing different paths to achieve 
those goals.  

(5) 
Compositio
n of the 
future 
network 

Description of the future network expected to emerge if the project has become 
successful. This helps to identify new critical actors who should be enrolled and aligned, 
and it provides a point of reference for further discussion about relevant spokespersons 
to involve and/or relevant actions to undertake in order to better identify competing 
views and approaches. 

(6) Future 
working 
world 

The future working world reveals the infrastructure/institutions necessary for the 
emergence of a market for the new product (regulations, standards, labels, physical 
infrastructure) and articulates the context in which the necessary transactions (between 
users, producers, and prescribers) become possible. This implies assessing users’ needs, 
preferences and their related competences, considering changes in the market 
infrastructure, and describing the triangular relationships between users, producers and 
prescribers/intermediaries (experts, consultants, advertisers playing a role in shaping 
users).   

(7) Key 
changes 
table 

It is now possible to compare the present state of the network and the hoped-for future 
working world. Key changes are characterized by specifying new practices that will 
have to become taken for granted and present practices that will have to be discarded 
(with implications for actors likely to represent a source of opposition /compromise), in 
terms of envisioned material infrastructure, and rules of the game necessary to make the 
anticipated future world a reality.  

(8) External 
check 

Identification of the principal positions taken on the key changes and their assumptions 
by focusing on actors having the same approach and those proposing other strategies, 
and on relevant studies, debates, and positions taken about the transformations 
required, leading to an indication of the probability of the key changes coming about. 
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Table 4.  Tools for the management of breakthrough innovations (based on Laredo et al., 2002 and 
Jolivet et al., 2002) (cont.) 

Tool Description of tool 

(9) Project 
positioning 
table 

This provides an overall assessment of the project positioning vis à vis the related key 
changes for dimensions such as: - the development of new shared knowledge about 
what the technology can do and how to do it (new paradigms and designs) - changes in 
the legal, administrative and regulatory environment, including issues about norms and 
standards, but also ethical issues, issues about the environment, and about quality and 
consumer safety - changes in user-producer relationships, such as aspects of customer 
preferences, and new knowledge required for customers to value and use the qualities 
of the new products. 

(10) 
Capacity for 
action table 

The final step of the methodology tries to assess the project’s margins for maneuver. 
The likelihood of a key change occurring is related to the nature and scope of collective 
agreement. This depends upon the existence of a space for debate, a forum, where the 
required reshaping is discussed. The actors that make up the forum, the arguments 
exchanged, the solutions sketched and the actions / directions defined are all 
ingredients of the potential robustness of the outcome arrived at. A further element 
concerns the centrality of the project within the forum, that is its capacity to enlist key 
actors in the forum, to ensure that the project’s position is not marginalised and that its 
goals are internalised by relevant groups in the forum.  

3.7 Free University Amsterdam: Institute for Environmental Studies 
(IVM) 

The IVM is a large research institute that focuses on technical, economical and political 
dimensions of environmental change. A limited number of projects depart from a systems-
oriented view of environmental problems and focus on the way changes in food and 
energy systems can take place. The IVM plays a central role in the IHDP programme on 
industrial transformation and has supported a recent workshop on systems change, as 
well as several projects where the concepts of transitions and transition management have 
a prominent role. As for content, a couple of projects seem to bear relevance, such as the 
COOL project which used an interactive backcasting method to explore pathways for the 
implementation of various (mainly technological) response options to climate change. 
This is part of a research line on integrated assessment and the mechanisms of interaction 
between science and policy. Another project explores the relationship between 
institutional arrangements and the transition towards a sustainable energy future, but 
results from this project do not appear to have been published yet.  

Value added relative to the sociotechnical approach 
It is somewhat difficult to assess the value added, as some of the projects have interesting 
features (see appendix) but few reports and publications seem to be available yet or the 
author is not aware of them.  
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3.8 Technical University Delft: Design for Sustainability Group 

The TU Delft, the largest technical university in the Netherlands, conducts extensive 
research into new technologies and products, with a strong focus on renewable energy 
and an alternative design of the electricity networks. Within industrial design, several 
researchers are focusing on the design of more eco-friendly products and on the 
assessment of environmental impacts of products from cradle to grave (e.g., eco-design 
and life cycle assessment, as in Brezet and van Hemel, 1997). The social shaping of 
technology is an itegral part of the work of Vergragt (see Vergragt, 1988; Irwin et al., 1994; 
Weaver et al., 2000), who is also a key figure in the Sustainable Technology Development 
(STD) programme, a Dutch national research programme specifically designed to 
stimulate technology renewal for sustainable development through the support of long-
term innovation processes (Weaver et al., 2000). The backcasting approach that was 
utilised in the STD programme was further developed in the project on sustainable 
households, where the objective was to explore the potential for improving the efficiency 
of a number of household functions (food, shelter, clothing) by a factor 20 (Vergragt & 
van der Wel, 1998; Vergragt & Green, 2001; Green & Vergragt, 2002).   

Value added relative to the sociotechnical approach 
The STD project has played a path-breaking role in redefining policy and research 
agendas towards the nature of long-term processes of radical innovation and systems 
change that can contribute to sustainable development. It has helped develop a 
methodology through which actors are enabled to disengage themselves from the present 
by envisioning future states in order to be able to identify short-term actions that may fit a 
pathway towards that future state. In a way it has laid the foundations for the present 
focus on the notion of transition and transition management. Through the SusHouse 
project and other projects (e.g., Partidario & Vergragt, 2002), this group also makes an 
important contribution to the exploration of long-term processes of sociotechnical change 
and to the development of tools to create socially and technologically innovative strategies 
for sustainability.  

3.9 University of Twente: CSTM 

This is one of the largest research groups on environmental policy in Europe. A number of 
researchers from this group have a more specific focus on environmental innovations and 
the role policy plays to induce them (Arentsen, de Bruijn, Dinica, Hofman, Schrama). 
Specific projects include the evaluation of several technology programmes, such as the 
programme Technology and Environment which became more focused and connected to 
the covenanting process based on recommendations by Arentsen, Bosveld and Bressers 
(1992) and Arentsen and Hofman (1996). De Bruijn et al. (1995) and de Bruijn and 
Hofman (1998) were also involved in the evaluation of pollution projects in the 
Netherlands and the province of North-Holland. Regarding processes of greening in 
industry, de Bruijn plays a central role in his position as coordinator of the European 
node of the Greening of Industry network (GIN). In addition to annual conferences and 
focused workshops (such as providing input for the development of long-term scenarios 
by General Motors), GIN also produces book series on the Greening of Industry and 
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special issues on GIN in Business, Strategy and the Environment. De Bruijn et al. (1997) 
and Hartman, Hofman and Stafford (1999) were outcomes of CSTM participation in 
special issues. Recently, some relevant books on innovations, transitions and their 
management and policy have been published with de Bruijn and Hofman as co-editors 
and authors of chapters. Ahead of the Curve presents cases of innovation where 
companies move beyond what is expected of them from a regulatory perspective, focusing 
on drivers and barriers for these change processes (Green, Hofman, Groenewegen, eds., 
2001). Partnership and Leadership presents cases where a variety of actors are engaged in 
environmental change processes through different forms of collaboration. One core issue 
in this book is when and how these collaborative efforts make a contribution to processes 
of systems change towards sustainability, or merely represent incremental change 
processes (de Bruijn and Tukker, eds., 2002). The role of governance in transition 
processes was central in the MATRIC project under the project leadership of Arentsen 
(Management of Technology Responses to the Climate Change Challenge). In 
collaboration with Kemp, Rip and Geels, ideas for the modulation of technological and 
societal change towards more sustainable processes were developed (Arentsen and Eberg, 
2001; Hofman & Marquart, 2001). Arentsen followed this up by writing a position paper 
for the Ministry of Economic Affairs on instruments for energy transition, and this report 
has been inspired by some of his ideas (Arentsen, 2002). Governance is also central in the 
work of Bressers and Kuks (2003) who focus on the way (changes in) institutional 
arrangements shape water management. Coenen has done relevant research on the role of 
municipalities in climate change and climate change policies, a very important area in 
light of the potential of developments of small-scale systems such as for PV and fuel cells. 
The issue of lacking policy integration (especially between administrative levels) also 
comes to the forefront in his work, just as in the work of Hofman and Marquart (2001) on 
the electricity sector. A path-breaking study in this respect has been the dissertation of 
Ligteringen (1999) with its focus on unintentional policy effects. The study of diffusion of 
innovations in renewable energy in several countries was central to the doctoral 
dissertation of Dinica (2003), with a central focus on the way finance and investment 
decisions and institutional settings (systems of innovation, trade-off between risk and 
expected return) play a role in these processes. Hofman and Schrama participated in a 
European project that focused on the way incentives from environmental policy and 
environment-oriented technology policy spur environmental innovations in six European 
countries (Envinno). The main rationale was to find out whether there is a synergetic 
relation between incentives in these two types of policies: have they been coordinated 
(complementary roles in terms of providing information, resources, incentives, targets), or 
do they give conflicting signals to firms? After providing an overview of national systems 
for environmental innovation (Schrama and Sedlacek, eds., 2003), cases studies on the 
success and failure of innovations (with networks as the organisational basis) were carried 
out in each country.  

Value added relative to the sociotechnical approach 
The main contribution is on the role of policy and governance in processes of transition. 
While the idea of transition management tends to focus on the need for a new approach, 
work from the CSTM focuses more on the question of what transitions require from 
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existing policies and instruments. Issues such as policy integration, timing of policies, use 
of different policies depending on the state of transition and regime dynamics then come 
to the forefront. CSTM studies on cleaner production, environmental management in 
companies, green electricity, combined heat and power production, the electricity system, 
the water system, the agricultural system, and environment-oriented innovations suggest 
that existing policies can make an impact in initiating niche developments and creating 
momentum for them, and in changing rules of regimes for example through integration of 
environmental considerations. This work needs to be directed more towards the way in 
which institutional change processes can further contribute to processes of transition. 
Work from Arentsen (2002) has already provided a rough framework for this. The CSTM 
is contributing to the understanding of transition processes by using its own vocabulary 
and rephrasing it in the context of the transition challenge. 

3.10 Conclusion 

In overview, then, it is fair to say that research on transitions and transition management 
is experiencing somewhat of a boom in the Netherlands. Unfortunately, this is not yet 
parallelled by a wrought out body of theoretical and empirical work. Some groups in the 
Netherlands tend to take a healthy perspective on the hype surrounding this field and 
work towards contributing to the understanding of transitions based on their own 
theoretical and empirical backgrounds (e.g., ESM Rotterdam, Copernicus Utrecht, CSTM, 
TU Delft). Others tend to become beguiled to some extent by the still relatively immature 
and abstract concepts in transition theory and transition management. The group of Merit, 
Eindhoven and Twente, which is strongly rooted in the tradition of technology studies, is 
able to provide relevant theoretical and empirical insights to the study of transitions. They 
have contributed to the Socrobust project, which is one of the projects most relevant to 
CondEcol. Other relevant work includes the work of the ESM on internal and network 
processes of visioning for sustainable development, TU Delft’s contribution to research on 
long-term technological change and backcasting, the work of Utrecht on systemic 
instruments, and CSTM work on governance and the role of policy in transition 
processes. All in all, however, the interaction of technological and institutional change, the 
way these processes are set in motion and can initiate transitions, and the role of actors in 
these processes is still poorly understood and remains a tremendously challenging area for 
further research.  
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4 THE SOCIOTECHNICAL APPROACH FURTHER 
SPECIFIED IN THE CONTEXT OF CONDECOL: 
KEY VARIABLES FOR CHANGE 

Based on insights from the previous sections, this section further specifies the 
sociotechnical approach in the context of CondEcol. While a three-pronged approach is 
presented in the project proposal, there is a need to integrate these three approaches on 
the basis of an overarching framework. This section hopes to provide some building 
blocks for this. What is basic to the CondEcol project is the current mismatch of the 
proposed innovations with the existing sociotechnical system or regime. Further, the 
proposed innovations have high eco-efficiency potential, so that their application would 
lead to a significant reduction of environmental impacts in relation to the way the 
functions they represent are currently fulfilled. The question, then, is what strategies are 
available to enable these innovations to develop and diffuse. Earlier in this report we have 
identified path dependencies that reinforce the existing technological trajectory and the 
way it is embedded in society. Here we will focus on ways in which these path 
dependencies may be overcome and processes of path creation occur whereby the 
innovation becomes embedded in society.   

4.1 Reflection on approaches in the CondEcol project design 

Three main approaches are presented in the CondEcol project that form the basis of the 
project design: 1) The industrial ecology approach and the eco-design wheel; 2) Basic 
considerations of economy and finance; and 3) A network approach to innovation and 
change. After briefly commenting on these approaches, we will go on to draft elements of 
an overarching approach. 
 
1) The industrial ecology approach and the eco-design wheel 
In order to link economic, social and eco-systems, the concept of industrial ecology can 
be helpful. The primary goal of industrial ecology is to promote sustainability by 
optimising resource flows in networks of firms (Oldenburg and Geiser, 1997). This is a 
systems view, which seeks to optimise the total materials cycle, from virgin material to 
finished material, to component, to product, to obsolete product, and to ultimate disposal 
(Graedel and Allenby, 1995). The idea of industrial ecology is based on an analogy with 
natural ecological systems. In nature, an ecological system operates through a web of 
connections, in which organisms live and consume each other’s waste. In an industrial 
ecology, unit processes and industries are interacting systems rather than isolated 
components. This view provides the basis for thinking about ways to connect different 
waste-producing processes, plants or industries into an operating web that minimises the 
total amount of industrial material that goes to landfills or is lost in intermediate 
processes. The focus changes from merely minimising waste from a particular process or 
facility, to minimising waste produced by the larger system as a whole and the total 
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restructuring of this system. Although in theory industrial ecology comprehends structural 
changes in the production and consumption function in society, in practice the 
application is often limited to recycling of waste streams (e.g., the well-known example of 
Kalundborg in Denmark). A major barrier is related to organisational routines of 
industries that are based on autonomy, while becoming part of an industrial ecology 
system could imply loss of autonomy. Other barriers are related to the fact that investment 
and location decisions fail to take into account opportunities for industrial ecology, and 
the existing infrastructures and capital stocks are not very conducive to this concept. In 
fact, these barriers are all expressions of regime features of current methods of production, 
and clearly the rule sets underlying regimes and their actors need major changes in order 
to implement the notions of industrial ecology.   

Thus the main point is that while the principles of industrial ecology and the eco-
design wheel are relevant in assessing the sustainability profile of the innovation, they 
need to be anchored within an approach that focuses on the characteristics of 
sociotechnical systems and regimes, taking into account the importance of a variety of 
rules and institutions that constrain and direct the actions of actors.  

 
2) Basic considerations of economy and finance 
There is not much doubt that the proposed innovations can only be successful if they are 
able to generate profits. Major barriers are encountered when the innovations are either 
not cost-competitive or the switching costs are too high (as sunk investments and 
infrastructures are considerable). Some observations are called for here. The first is a 
fundamental insight from technology studies, which concludes from examining histories 
of technological change and transitions that ‘new technologies are not adopted because 
they are efficient, but become efficient after they are adopted’. The main point is that new 
technology is initially adopted by ‘lead users’ that appreciate some new functionalities of 
the new technology while accepting higher costs and other downsides. After it is adopted 
in some initial niche markets, the new technology may start to penetrate main markets, as 
it has been able to heighten its efficiency more quickly than the established technologies 
(i.e., it has a steeper learning curve). A good example is the way the gas turbine has 
penetrated the electricity sector, starting in a niche market where it served peaks, 
becoming an auxiliary device relative to steam turbines to increase the overall efficiency of 
the steam turbines, then emerging as the dominant technology relative to steam turbines 
(see for example Hofman and Marquart, 2001). Thus it is often a matter of creating and 
shaping markets for the new technology, or of targeting customers and markets with 
specific preferences that suit the new technology. Nevertheless, basic considerations of 
economy and finance can play a role in the assessment of new products or technologies 
because in a project future these new products or technologies are expected to become 
competitive, although not necessarily relative to the currently existing stock of alternatives 
but relative to a future stock of alternative technologies and products. A focus on current 
barriers for the introduction of emerging products and technologies based on the idea of 
(cost) competition can furthermore be unproductive, because in explaining technological 
change modes of interaction between technologies with the occurrence of hybrid forms of 
technology are also relevant (e.g., Pistorius & Utterback, 1997; Geels, 2002). It is 
important to recognise that these modes of interaction require different managerial 
strategies compared to a competitive mode. 
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The previous insights have led to an entire body of research focusing on specific 
management approaches to radical innovation, because established management 
approaches for regular innovations (‘evaluation routines’) may even be detrimental to 
radical innovations (Christensen, 1997; McDermott & O’Connor, 2002; Jolivet et al., 
2002). Christensen (1997) proposes the creation of separate, relatively autonomous units 
within companies that are allocated significant resources and manpower and specifically 
focus on the generation of more radical innovations (or in his term disruptive innovations, 
as these innovations disrupt the value networks of established firms). The Socrobust 
project, which offers a specific approach to the management of breakthrough innovations, 
will be integrated in the proposed project design for CondEcol (see also section 3.6 on the 
ECN and the appendix). 

 
3) A network approach to innovation and change 
The importance of networks in innovation processes has become generally accepted. 
When the innovation is of a complex nature, with several technologies or components 
involved, co-ordination of the activities of actors working in parallel on different 
technological aspects within networks is one condition for a successful innovation. 
Complexity implies interactions among many parts and numerous interactions between 
the innovation and its surroundings. “Complex technologies are those that cannot be 
understood in detail by an individual expert, and cannot be precisely communicated 
among experts across time and space” (Rycroft and Kash, 2002: 21). As technologies are 
complex, and the cases within CondEcol represent almost without exception complex 
technologies, they require complex networks that create, acquire, and integrate the diverse 
knowledge and skills involved in the innovation. Four types of networks are crucial for 
these innovations, especially when they represent a discontinuity with the way the market 
and society previously operated. It is useful to separate them analytically in order to be 
able to assess different types of changes that need to take place to make the innovation 
work and to identify the types of action that can be taken. The networks represent 
different nodes of the innovation: knowledge, the market, policy and regulation, and 
societal embedding. However useful the analysis of networks, this needs to be 
accompanied by a larger framework that explains evolution and change in networks. 
Networks are shaped in processes of co-evolution; for example, they co-evolve with their 
technologies, in the sense that networks shape the processes of innovation and the 
evolving technologies shape the networks. Our interest is mainly in the underlying 
mechanisms that can explain the direction and speed of these processes of co-evolution. 
The role of institutions and rules is central to these mechanisms: institutions explain how 
technologies are handled and productively used, i.e., every technology comes with a 
certain recipe, division of labour and mode of co-ordination (Nelson, 2002).  

4.2 Towards an overarching approach 

We propose the actor-technology-network-institutions model as an analytical framework 
for studying innovations and the shifts in systems of production and consumption they 
represent. Having settled on this, the question then arises of how exactly to operationalise 
this framework. That is the focus of the following sections. We start by providing an 
overview of attributes of the different elements of the model and core issues that need to 
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be tackled in the project (see table 5).  Using the four core elements of regimes that have 
been identified, we will elaborate on several of these attributes and put forward some 
central notions that need to be taken into account based on insights from previous 
research. 

 
Table 5.  Attributes and issues relevant for different elements in innovation processes    

 Attributes Core issues, questions for CondEcol 

Actors – Roles, agendas, 
resources, routines, 
perceptions 

– Strategies 
– Alignment & 

confrontation 
– Knowledge, 

competencies 
– Beliefs, 

expectations, 
visions 

– Which actor groups can be identified in the sociotechnical system? 
What are their main routines and perceptions? What kind of 
agendas, resources, power? Which actors are part of the innovation 
processes?  

– What are the strategies of the dominant actors? Is there divergence 
or convergence in strategies related to the innovation? Are the 
strategies competing and/or do they mutually exclude each other? 

– How are actors aligned? Through which mechanisms: fora, 
locations, shared problem definitions, ways of confronting 
routines? 

– Which knowledge, competencies have to be built up by whom for 
the innovations? Is mobilisation of resources towards this end 
taking place by various actors? What distribution of knowledge? 

– Whare are the beliefs, expectations of actors? Main differences, 
which ones dominant, which visions shared by whom?  

Technolo-
gies 

– Nature of 
innovation  

– Flexibility, 
versatility, linking 
potential 

– Learning 
– Design, core 

technologies and 
components 

– Function(s) 
– Sustainability 

– Provide a taxonomy of different natures of innovation and position 
the case studies in them 

– Is the technology flexible and versatile in the sense that it can 
develop in combination with different technologies, on the basis of 
different resources, and for different applications in various 
regimes? 

– What kind of learning curve? Learning regarding individual 
technologies and systems, major bottlenecks?  

– Integration within current design possible or new design necessary? 
What kind of supportive infrastructure? Which components crucial 
in development of core technologies? 

– What (new) kind of functionalities does the technology offer?  
– Sustainability profile, how related to design, room for improvement, 

sustainability profile of transition path  

Networks – Types, roles and 
composition 

– Structure and 
learning  

– Strategies 
– Formation 

– What are actor constellations in the knowledge, market, policy, and 
societal network; are these homogeneous or heterogeneous 
networks? to what extent open for new ways of doing things, is 
there a shared expectation and vision regarding the potential of the 
new concepts? 

– Nature of interaction: closed versus open; tight versus loose; what 
type of learning is occurring (single or double loop), which 
problems are tackled, what kind of solutions, rates of improvement, 
are controversies solved (closure); is confrontation taking place? 

– What are the different strategies in networks? To what extent is 
there coordination between them? Related to innovations? 

– Is new network formation taking place? Related to demands of the 
new innovations? What fora for interaction?  

Institutions – Types, roles 
– At different levels 
– Institutional fabric 

between levels 
– Modes of 

governance 

– How do formal rules relate to the actors, technologies and 
networks, such as standards, environmental standards, rules for 
connection, appropriation of knowledge, knowledge flows etc., and 
informal rules such as routines, conventions? 

– Institutions at local, national, supranational level; reinforcing or 
hampering introduction of eco-efficient products (e.g., Kyoto) 

– Intermediary infrastructure for knowledge and information flows; 
relations between different actors (users-producers), networks 

– Are there specific (changing) modes of governance related to the 
regime(s), e.g., systems of innovation; systems of environmental 
control; systems of production-consumption 
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4.2.1 Actors 

TYPES AND ROLES, RESOURCES, ROUTINES, PERCEPTIONS 

A first step is to identify different actor groups that play a role in the sociotechnical 
system. The main objective is to position these actor groups in terms of their main roles 
(e.g., leading firms; different government agencies; active NGOs; innovative consumer 
groups), routines, resources and perceptions. An indication of the dynamics is crucial in 
the sense of positioning which actor groups are becoming more or less dominant 
(distribution of resources and power); whether perceptions (what are the main problems 
in the system, how are they defined?) are diverging or converging, and which are 
becoming more or less dominant, what are the main routines for actor groups and to what 
extent are they changing (e.g., integration of environmental considerations into firms’ 
routines through diffusion of concepts such as environmental management systems, triple 
bottom line).  

STRATEGIES 

After initial positioning of different actor groups, further positioning takes place by 
specifying the strategies of main actors and especially their relevance to the innovation 
process. Which actor groups (e.g., firms, government agencies) are developing a long-term 
strategy for the energy and transport sectors and the climate change problems these 
sectors face? Do these strategies acknowledge the need for fundamental changes, or is the 
focus on optimisation of the current system? Is there some kind of transition policy being 
designed by government agencies?  

Another relevant issue is how strategies for radical innovations are developed by 
incumbent versus emerging firms. As the CondEcol project consists of cases involving 
both incumbent firms (Norsk Hydro) and an emerging firm (Renewable Energy 
Corporation), we present some of the main issues based on relevant literature (see box 2). 
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Box 2  The role of incumbent versus emerging firms in radical innovations 

The literature on innovation often stresses how difficult it is for established, incumbent firms to 
develop radical, breakthrough innovations (Henderson & Clark, 1990; Christensen, 1997). 
Henderson and Clark (1990), for instance, argue that the failure of established firms is related to the 
nature of innovation that is taking place, and that the distinction between incremental and radical 
innovation is too simple. Sometimes seemingly modest changes can have dramatic effects on 
established firms because of their architectural nature, implying a change in the way components in 
a product are linked together while leaving the core components (and the knowledge on which 
they are based) unchanged (p. 10). According to Christensen (1997) the failure of incumbent firms 
to put radical innovations on the market is because the existing market for these firms is initially not 
attracted to this innovation, and the company does not tend to allocate resources to technologies 
for which the application and value is uncertain. Christensen finds that incumbent firms in the disk-
drive industry were often among the first to develop new innovative types of disk-drives, but they 
did not really commit to them (e.g., limited allocation of resources and time relative to improving 
existing products). One reason for this was that the product could not compete on the main 
markets in which their established products were sold, because of the initial poor performance (cost 
structure) of the new innovation, while the initial market for the new innovation (based on some 
new functionalities) was too small for established firms to make the turnover and profits it could 
reap in its main market (also because of lower profit margins). Another factor is that established 
firms’ market research often gives the impression that customers are not really interested in the new 
innovation.15 This is, however, misleading, according to Christensen and other scholars, because 
customers need not be aware of their preferences and the new products’ potential (they need to 
become familiar with the new product before they can appreciate it), while the sample of customers 
often represents the product value chain in which the company is currently established, and not the 
(small group of) leading-edge customers that may show some interest in the new product.  
Emerging firms, on the other hand, are more willing to fully commit to and invest in the new 
product for which the applications and markets are highly uncertain. They are dedicated to finding 
and creating new markets and connecting them to the emerging different functionalities the new 
product contains (e.g., in the disk-drive example, performance of mainframe computers was 
measured in terms of capacity, speed and performance, whereas for portable computers the 
performance indicators were ruggedness, low power consumption, and size (Christensen, 1997: 
40)). If an initial market has stabilised, the focus is broadened towards increasing the reliability of 
the new product and improving the convenience of the product in order to extend the market. 
According to Christensen, in the sequence of functionality to reliability to convenience to price, 
price is generally the last factor on which basis emerging firms and their products start to compete. 
Christensen’s main point is that when this stage is reached, the emerging firm has built up a value 
network16 surrounding its product, with both specific linkages with suppliers and customers and 
specific manufacturing and design experiences, and it may move upmarket as the new product has 
improved its performance to a level similar or above the established product (based on its specific 
cost structures), with some additional functionalities and even more potential for further 
improvement. As these new firms and their value networks enter main markets of incumbent firms 
successfully, incumbent firms are often unable or too late to redesign their value networks to the 
new demands of the market.  
 
The role of prime movers 
Perhaps one of the most crucial elements in shifting production and consumption systems 
is the role of prime movers. One task is to assess which actor groups may successfully act 
as a prime mover. Often these involve firms, but the potential role of NGOs, for instance, 
should not be underestimated (as the example in box 3 shows). The role of Greenpeace in 
the introduction of greenfreeze is illustrative in this respect (see Stafford and Hartman 
2001). The following example gives some indication as to how prime movers can emerge 

                                               
5 This is similar to the discussion of evaluation routines earlier in the report (top of page 6). 
6 Value network is defined by Christensen (1997: 36) as “the context within which a firm identifies and 
responds to customers’ needs, solves problems, procures input, reacts to competitors, and strives for 
profit”. 
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(through a combination of factors internal and external to the organisation), be successful 
in reaping some first mover advantage, and act as a trigger for further developments. 

 

BOX 3  The role of prime movers: the example of green electricity in the Netherlands 
In less than a decade a new product attracted one million customers in a sector previously 
characterised by stability and incremental change. The invention and launch of the concept of green 
electricity triggered a process of change for producers and consumers in the electricity sector.  
Anticipation of the effects of liberalisation and response to the increasing societal importance of 
climate change led the initial firms’ efforts. One set of factors explaining how the company could 
escape lock-in to the fossil-based trajectory thus lies in the build-up of pressures on and tensions in 
the previously stable electricity sector that challenged the fossil base and institutional organisation 
of the system. The change of organisational routines in anticipation of liberalisation (e.g., new 
planning mechanisms due to loss of captive consumers, new strategic orientation vis à vis future 
competitors, development of marketing competencies) in combination with the acquired 
competencies in renewable energy production due to policy pressure led to the conception of green 
electricity. The company perceived increasing societal attention for climate change as an 
opportunity to distinguish itself from its competitors by developing a green profile and exploiting 
the shifting preferences of emancipated users. Co-operation with an environmental organisation 
was entered into to increase the product’s legitimacy, which was also an illustration of the changed 
culture in electricity distribution. This coalition of actors turned out to be able to successfully 
introduce the concept of green electricity. Momentum for the new product increased as competitors 
imitated the product and familiarity with the concept became widespread. Government policy 
played a significant role in this process when a regulatory energy tax was introduced and green 
electricity was exempted from the tax. This greening of the tax system effectively resulted in a 
competitive price for green electricity compared to conventional electricity.  
This case calls attention to several aspects that are relevant for success in deviating from established 
paths, for example in response to climate change. One is the important role of ‘prime movers’ in 
raising awareness, undertaking investments and providing legitimacy for new technologies or 
products (Jacobsson and Johnson, 2000). Clearly there is risk involved in developing new products 
and technologies, and companies often tend to play a strategic game of wait-and-see, especially 
when new product or technology characteristics are more a reflection of policy pressure than of 
market demand. This case shows that if a company is able to read the latent demands of the market 
it may be able to gain some first mover advantage. Since prime movers may trigger wider 
transformation processes, as in our case through the acceleration of the greening of the tax system 
and further institutional change towards labelling of electricity flows, they are likely to be well-
positioned to take advantage of the momentum that is generated. Secondly, this case has also 
shown that in order to be able to acquire first mover advantages the company needed to build new 
networks that provided the competencies and legitimacy it lacked on its own. Other research has 
confirmed that the building or restructuring of networks is required to deviate from familiar paths 
and to establish new practices (Rycroft and Kash, 2002).  Thirdly, the introduction of a new product 
or technology often needs to be accompanied by further institutional change in order to gain 
momentum and to change a technological system. Processes of standardisation, building legitimacy 
and adapting regulatory frameworks are examples of this. This case also shows that these processes 
need to be carefully monitored and if possible directed. While the case company invested in a new 
facility to supply green electricity, the attractive fiscal compensation increasingly led other 
companies to offer green electricity that was not based on newly installed capacity. Moreover, the 
difficulty of developing new renewable energy projects in the Netherlands resulted in a sharp 
increase in imports of green electricity. Although there was considerable support for measures to 
constrain the import of green electricity or to cancel fiscal support for green electricity based on 
already installed capacity, these measures were difficult to implement as they would either require 
an elaborate verification system or they would conflict with the intended level playing field in the 
European energy sector. (Source: Hofman, 2003) 
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ALIGNMENT AND CONFRONTATION 

Alignment is a core mechanism in the development and stabilisation of regimes. It refers 
to the way actions of actors become attuned to each other through the emergence of an 
established design, a division of labour for various actors in the system, new standards, 
shared problem definitions and shared visions regarding the ways of improving, and the 
future direction of, the technological system. Understanding and identifying the processes 
through which alignment takes place (such as interaction processes in different networks 
and fora that are bound by the knowledge and principles generally accepted within them) 
is a key step to understanding the stability of regimes and the opportunities for corroding 
this stability. In this corrosion of stability and in the shaping of alternative paths, 
confrontation is an important mechanism. Confronting actors with other problem 
definitions, problem approaches and solutions can increase their receptiveness and allow 
them to think beyond the established ways of doing things.  

BELIEFS, EXPECTATIONS, VISIONS 

Beliefs can be seen as culminations of knowledge, competencies and routines of actors 
embedded in specific ways of thinking. They are important because they tend to be 
intuitive and are often difficult to change, but they can play a central role in decision-
making on innovations. It is essential to bring to the fore the beliefs of actors and to break 
them down in terms of the assumptions that underlie them. In the electricity system, for 
example, dominant actors (firms, experts) long believed that: 1) central and large-scale 
generation of electricity was technically superior, more efficient and more reliable than 
small-scale decentralised generation; and 2) the nature of renewable technologies made 
them unfit for this system, as due to their discontinuous character it was impossible to 
integrate them within the system. While these beliefs still persist to some extent, they have 
become less dominant because it became clear, through research, experiments and actual 
practice, that most experts simply do not know what amount of renewable energy can be 
integrated into the system, and through a process of trial (and actually not that much) 
error, the percentage has now grown to several percent in the Netherlands (this 
information is partly based on a conversation with a professor in electrical engineering). 
With regard to the superiority of the central, large-scale model, this is something that is 
often assumed, as it was the main mode of thinking for three or four decades after the 
Second World War, and it is entrenched in the set-up of technical education and 
engineering institutes. The advent of combined heat and power production has made a 
major impact in corroding this belief, although the bias of engineers still tends to be that 
big is beautiful (see also box 4). 

As the advantages of a new technology are often not clear, expectations play a crucial 
role in the support for their development. Actors involved in innovations often try to build 
up positive expectations in order to gain support from a variety of actors (government, 
financial institutions, etc.). The role of expectations in the development of the technology 
depends on several characteristics (Elzen et al., 1998): 

− robustness: an expectation becomes more robust as it is increasingly shared by relevant 
actors; 

− quality: an expectation gains quality as it increasingly gains support by ongoing 
developments (proven technological innovations, collaboration between important actors); 
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− specificity: as an expectation becomes more specific it will become easier to realise, because 
it becomes more clear what has to be done to realise the expectation (e.g., fuel cells can 
deliver super reliable power versus fuel cells are the power plants of the future); 

− association: expectations become more powerful as the new technology becomes associated 
with solving certain societal problems which it is expected that the current technologies 
cannot deal with.  

In the CondEcol project, expectations need to be mapped and related to actors and their 
characteristics. Here, again, it is important to focus on the dynamics of the process of 
building expectations: are expectations becoming more robust, more specified, and how? 

Vision building is another important element in a process of system change and for the 
renewal of organisations (e.g., work of the ESM, Roome). As more actors develop visions 
regarding society, or a specific sub-system such as energy, understanding grows regarding 
the kind of (fundamental) changes that may be necessary. Vision building can be useful 
when there is some sort of consensus between actors that a transition is required, but 
there is dissent as to what kind of transition or how the transition may be achieved. The 
task in this project is to map the kind of visions that are developed by different actors and 
what function they fulfil, to find out whether there are more or less shared visions, and to 
analyse what kinds of processes of vision-building are taking place, e.g., an open platform 
of diverse actors or a more closed platform of technological roadmapping.  
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BOX 4  Changing beliefs and institutional change creating momentum: The boom in 
decentralised combined heat and power production in the Netherlands in the 1990s 

Centralised electricity generation was at its peak in the 1960s and 1970s, when the share of private, 
decentralised production of electricity reached the historically low levels of 19 % in 1968 and 10 % 
in 1978. However, the search for higher efficiency and energy-saving measures initiated by the two 
oil crises strengthened the interest in combined heat and power generation (CHP). After the oil 
crises CHP was the only available short-term alternative for saving energy. Combined with a 
number of other factors, this led to an upturn in decentralised electricity production from the end of 
the 1980s, and decentralised electricity production increased from 15 % in 1988 to 22% in 1994 
and 31 % in 1997 (Arentsen et al., 2000). What is especially of interest here is the fact that 
previously accepted principles and established actor constellations were being challenged. The 
question of ‘what led actors, and government specifically, to promote decentralised CHP with so 
much vigour at that time?’ is crucial because this period visibly marks the beginning of corrosion of 
the belief in the centralised mode of electricity production. It also marks a change in the previously 
more or less closed arena of decision-making on electricity production and planning, towards a 
more open and differentiated arena. In the ‘tension’ between centralised and decentralised 
electricity production, apparent in the electricity system from its outset, the strong belief in the 
superiority of centralised electricity production weakened. Two actor groups were increasingly 
challenging this superiority. One of them was industry, and especially those industries engaged in 
electricity generation for in-house use, organised through the Vereniging Krachtwerktuigen. Already 
in the 1950s VKW argued that combined heat and power production could reach efficiencies of up 
to 70 %. The general opinion of public electricity producers was voiced by director Vos of the 
energy company of Amsterdam: “in the same way as the freight horse carrier has lost its battle to 
the truck, small scale self generation can not compete with large scale generation anymore”. Due to 
the efforts of VKW, self-producers in industry became more organised and increasingly were 
recognised as a significant industrial interest group. The emergence of natural gas and the 
development of gas turbine technology increased opportunities for industrial CHP. The second 
group was government actors, who increasingly challenged the efficiency of centralised electricity 
production. There was a growing consensus that the monopolistic organisation of electricity 
production and distribution contributed to inefficiency and slack, and that government needed to 
increase control over electricity planning. Also, there was a growing belief that combined heat and 
power generation could yield substantial energy savings. Early efforts concentrated on the 
implementation of central CHP through large distant heating projects were not very successful. 
During the 1980s it became increasingly clear that CHP could be much better realised with 
decentralised applications, which were much more flexible and could be attuned to heat demand 
sources, for example through systems of various sizes in industry. With electricity prices at high 
levels in the early 1980s, and industry effectively lobbying for measures to increase facilities for 
decentralised power generation, the Dutch government initiated a comprehensive policy package to 
stimulate decentralised CHP. Moreover, the electricity act facilitated new actor constellations, 
especially coalitions between industry and distribution companies, thus enabling effective 
application of decentralised CHP. 
In summary, the boom of decentralised heat and power production in the early 1990s marks a 
number of fundamental changes in the electricity system. Above all, the principles of central station 
electricity and monopolistic (public) organisation were corroding. Central station electricity had 
always been the basic organising principle for generating and distributing electricity. Introducing the 
production of heat as one of the determinant organising factors implied a change in form and 
function. Specifications of power plants now included the required heat load, something for which 
decentralised CHP was much better suited. The organisation of the electricity system was turned 
upside down by the Electricity Act in 1989, which separated production from distribution. In the 
previously homogeneous and closed decision-making arena of the electricity sector, a new 
atmosphere emerged. Whereas previously electricity companies had closed their ranks vis à vis the 
outside world, from then on distribution companies in particular were seeking ways to compete 
with the production companies. (Source: Hofman & Marquart, 2001) 
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4.2.2 Technologies 

NATURE OF INNOVATION 

Innovations can be characterised with regard to the kind of changes they require relative 
to the established system. Table 3 of this report gave an overview of radical innovations 
and the type of changes that they may trigger or that may be necessary for them to be 
successful. The cases in CondEcol represent innovations of a different nature. Thus the 
cooling system based on CO2 tends to have more of a modular character, while fuel cells 
have a more pervasively radical innovative nature. Characterising the different 
innovations in terms of their radical nature or their disruptiveness makes it easier to 
identify the kinds of changes that must be set in motion to realise them.  

FLEXIBILITY, VERSATILITY, LINKING POTENTIAL 

In order to understand the potential for technology to penetrate a regime and the role it 
can play in a transition, it needs to be viewed in these terms. A technology that is more 
flexible and versatile has a greater chance of connecting to the dynamics in regimes and 
landscapes (e.g., it can be used because it can connect to the development of the new 
economy plus the demands for more sustainable behaviour). Various characteristics can 
express the linking capacity of technology. One is that technologies with linking capacity 
can adapt to the existing regime but also contain characteristics that enable other 
technologies to hook on to the bridging technology and the existing technological 
configuration. Another is that they can adapt to the existing regime but are able to change 
the way they are configured in that system. An example is the fuel cell as a technology 
with linking potential, because it is flexible in terms of its energy resources (either gas, 
hydrogen or (m)ethanol), can play a role in energy storage, and has potential value as a 
complementary technology in the development of hybrid forms with gas turbines, pv, 
wind power, and biomass. Moreover, it has characteristics that coincide with certain 
landscape developments, such as its modular, noiseless, and zero-emission character 
which means that it creates no problems of spatial planning and pollution, and its ability 
to provide reliable electricity without need of costly transmission and distribution. The fuel 
cell, which combines several domains, concerns not a single industry (such as wind), but 
can penetrate several industries, and is being driven by various industries such as the 
automobile industry, power industry, gas industry, and the space industry. The number, 
scale and diversity of actors involved in fuel cell development is large. There are a variety 
of applications for fuel cells, from power generation to power and heat production in 
buildings to powering cars, and these can also involve hybridisation of fuel cells with other 
energy technologies and fuel sources. Current market niches include highly reliable power 
generation for applications in the ‘new economy’, and potential market niches include 
combined heat and power production for hotels, small neighbourhoods and industries.  

4.2.3 Networks 

Networks are key elements in the stabilisation of present technological paths but also in 
the creation of new ones. The analysis should focus on the one hand on how the rigidity, 
tightness, homogeneous composition, and closedness of certain networks may inhibit the 
progress of the innovations. These limitations may lie in the knowledge network, where 
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the build-up of competencies and skills fails to reflect the need for the new competencies 
that the innovations demand. The question is then whether the network is able to upgrade 
its competencies and skills, or whether wider institutional changes are required to achieve 
this (in processes of knowledge formation through foci of universities and research 
institutes, and the facilitation of information flow through supporting infrastructures). In 
the policy network there will probably be some barriers to the new innovation; regulators 
have developed detailed sets of regulations and policies to minimise risks and 
environmental impacts from the existing technological system, often in close co-operation 
with industry or industry experts. Policy makers often shy away from new innovations, as 
they are simply not familiar with the kinds of standards that are appropriate or the kinds 
of risks that are associated with them. Networks need to be renewed or modified to take 
into account the main issues that surround the new innovation and to find ways in which 
new problems associated with the emerging innovation can be tackled. In their market 
network firms often develop tight relations with a set of suppliers that can be trusted to 
deliver the specifications of inputs in time with the required quality and expected cost, and 
with users that have established preferences that the firm can meet in fixed modes of 
provision. However, for any new innovation the specifications of inputs have to be 
developed, while users also have to learn how to deal with the new innovation or 
understand its potential applications. The company interacts in social networks in which 
it has established relationships with communities, pressure groups, and citizens, for 
example to communicate and discuss the legitimacy and responsibility of its operations 
and products. In these types of networks it is possible to exchange views regarding new 
innovations so as to understand how various groups perceive their potential, risks and 
threats.  

This explains why the role of networks is crucial in the development of complex 
technologies. This may also be typical of the society we live in, cf. the label of network 
society used by Castells (2000: 21) to grasp the “networking logic of its basic structure”. If 
we examine the cases in the CondEcol project and look at some of the main companies 
active in the fields of solar cells and fuel cells, the importance of networks quickly comes 
to the forefront. There are a vast  number of technological and strategic partnerships for 
fuel cells in particular, for example to deal with the scientific challenges of how to store 
hydrogen and the strategic problem of how to produce hydrogen, with reformers 
connected to the fuel cells or more centrally, and to deal with the manufacturing 
challenge of producing the fuel cells much more cheaply. The main things we need to 
learn from analysing these partnerships is what they have adopted as main routes for the 
introduction of fuel cells, what they see as the main problem directions, the ways of 
solving them, and whether certain controversies have been solved across partnerships.   

4.2.4 Institutions 

We now come to what is probably the most difficult task in the process of making the 
innovative elements operational (it is probably also the most important one). Institutions 
can be seen as pieces of fabric that solidify certain ways of doing things and the nature of 
interactions between actors. These pieces of institutional fabric develop with technology 
and their networks in a process of co-evolution. Institutions are part of the everyday 
activities of actors, e.g., when taking a used bottle back to a supermarket there are 
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institutions in place to make sure that deposit money is returned and the bottles are re-
used (such as agreements between a variety of companies, laid down in contracts, with 
some kind of punitive scheme in the event of non-compliance). Essentially, these 
institutions have developed into routines; we need not ponder over this every time we go 
to the supermarket. The nature of institutions can also create formidable barriers for the 
introduction of new innovations, especially when this requires the creation of new 
linkages between actors, networks and technologies, and ultimately the creation of new 
routines. For instance, both Dutch energy R&D policy and Dutch energy policy have a 
strong national bias. This type of organisation, with roots from the 1970s and 1980s, 
during a period when the central fossil-based electricity regime was dominant (i.e., an 
example of co-evolution with the established design), has become strongly 
institutionalised. Walker (2000) introduces the term institutional entrapment to explain 
the difficulty of getting out of the nuclear trajectory because of the embedded institutional, 
technological and economic commitments. The emergence of several more small-scale 
alternatives, with strong connections to regional electricity and heat requirements, could 
be much better facilitated if the institutional design had a stronger regional and local 
embedding. Assuming that both solar cells and fuel cells will initially be deployed in 
relatively small-scale settings where they serve specific market niches, the co-evolution of 
these innovations with their networks may then weave the first pieces of institutional 
fabric to make these local configurations work. Imitation of these kinds of developments 
and examples may then lead to the diffusion of both the technological and institutional 
innovations to other areas. This may trigger further institutional changes at different levels, 
perhaps so as to modify some of the basic rules of the system in favour of local electricity 
generation. What may be crucial in the initial phase of fuel cell development and diffusion 
is to reach some critical mass that fuels the further emergence of new initiatives and 
companies, similar to experiences with cluster development as analysed by Porter (1998: 
240), through which: 

the initial critical mass of firms triggers a self-reinforcing process in which specialized suppliers emerge: 
information accumulates; local institutions develop specialized training, research, infrastructure and 
appropriate regulations; and cluster visibility and prestige grows. Perceiving a market opportunity and 
facing falling entry barriers, entrepreneurs create new companies. Spinoffs from existing companies 
develop, and new suppliers emerge. Recognition of the cluster’s existence constitutes a milestone. As 
more institutions and firms recognize the cluster’s importance, a growing number of specialized 
products and services become available and specialized expertise responsive to the cluster arises among 
local financial services providers, construction firms, and the like. Informal and formal organizations 
and modes of communication involving cluster participants develop. As the cluster grows, it develops 
greater influence not only over what other firms do but also over public and private institutions and 
government policies.  

Thus the difficult task at hand is to provide an overview of institutions related to the 
proposed innovations and to identify which of them reinforce the existing regime and 
which of them may provide opportunities for the new innovations to hook on to. This will 
include institutions at different levels and their relationships, such as the Kyoto agreement 
and the way it is implemented at national and lower levels. Another distinction between 
institutions is whether they concern ground (or basic) rules or rules that specify these 
ground rules (Coriat and Weinstein, 2002). Ground rules in the electricity sector were 
changed in a process of liberalisation, and it is fair to say that, at least in the Netherlands, 
we are in the process of specifying rules such as those regarding the way the costs of the 
electricity infrastructure are translated into tariffs, or the way the reserve capacity in the 
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Netherlands is secured. Another basic change in institutions could be the greening of the 
tax system in the Netherlands. The example of green electricity makes it clear that the 
specification of the nature of this greening can have tremendous impact on innovations 
(see box 3). Questions to be answered in the context of CondEcol are whether initiation 
and spread of the innovations can be facilitated by changing basic institutions or by 
specifying institutional change in certain directions.    

In table 6 we give an indication of the types of institutional changes that may be 
necessary to facilitate radical innovations and the further evolution into transitions. If we 
follow a concrete example, such as the introduction of fuel cells for power production at a 
decentralised level, it can be envisioned that this will involve changes in several 
dimensions at the micro, meso, and macro-levels, as illustrated in the table.  

 
Table 6  Possible institutional changes to facilitate radical innovations and transitions  

 Knowledge 
dimension  

Market dimension Policy/regulatory 
dimension 

Societal dimension 

Micro (actor-
technology 
level)  

Produce knowledge 
regarding new 
technologies; new 
foci in education 
and research 

Establishing new 
routines for old or 
new actors 

Establishing rules for 
new technologies, 
resources; building  new 
capacities for policy 
actors 

Changing user 
behaviour, e.g., 
communal 
electricity 
generation 

Meso 
(industry, 
technological 
field, network 
level) 

Create new 
knowledge flows 
and networks, 
develop appropriate 
intermediary 
infrastructure 

Establishment of 
new supplier-
producer-user 
relations 

Changing networks 
involved in policy 
formulation and 
implementation, 
adapting policy, styles, 
to newly emerging 
technological design 

Changing roles 
and networks for 
societal actors, 
interfaces for 
facilitating 
legitimacy and 
acceptance  

Macro 
(national, 
system level) 

Adaptation of 
national system of 
innovation to 
design, knowledge 
requirements of 
new regime 

Changing industrial 
relations, emergence 
of new industry, 
services, new types 
of organisation 

Changing modes of 
governance, changing 
links between 
administrative levels 

New ways of 
perceiving, using 
and producing 
electricity, 
changing lifestyles 

4.3 Patterns of breakthrough innovations and regime change 

After having specified the analysis of different elements in regimes and the way they may 
connect to the new innovations in the previous section, we turn our focus more to the 
system or regime (and the macro-factors influencing them) as a whole in order to identify 
under what conditions there may be windows of opportunity for alternative innovations.  

We first provide a short synopsis of the work of a number of scholars who have studied 
these issues.  

Basanini and Dosi (2001) argue that windows of opportunity for system change occur 
because: 

− of the emergence of new technological paradigms, acting as a major source of delocking 
(these can trigger emergence of a new set of business actors, a new knowledge  base, new 
communities of practitioners (e.g., scientists, engineers), and new forms of corporate 
organisation); 
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− there is never a complete lock-in, as heterogeneity among actors and imperfect adaptation 
of actors within organisation and networks leads to variety. Thus, non-average actors can 
create effects of change. 

− of the occurrence of increasing misadaptation between organisational routines and, (1) their 
problem-solving efficacy, an/or (2) and their ability to represent mechanisms of 
organisational governance and social control. 

− of invasions of new organisational forms that originally develop in other contexts 

Cowan and Hulten (1996) argue that overcoming existing lock-in (to the internal 
combustion engine of the car in their case study) requires extraordinary events such as: 

− a crisis in the technology involved 

− regulation 

− technological breakthrough 

− changes in taste 

− niche markets 

− scientific results 

 
Kash & Rycroft (2000: 826-828) argue that shifts in the patterns of the innovation of 
complex technologies occur through: 

− technical community disintegration: this refers to the loss of consensus concerning what 
comes next, replacing the consensus (common knowledge, established search heuristics and 
routines) regarding the next series of incremental innovation; 

− invaders: networks or organisations entering innovation processes and becoming new 
competitors based on different knowledge and capabilities that allow them to breach the 
boundaries of the established trajectory, or based on different organisational forms, such as 
lean production by Toyota; 

− new technology waves: technologies become available with distinctly different and better 
performance across a wide range of sectors, such as digital electronics; 

− climate change: this refers to changes in markets (e.g., market saturation), changes in public 
policy, and changes of a social nature, such as increasing pressure from certain groups with 
regard to environmental or consumer risks. 

Unruh (2002) focuses separately on two potential sources for escaping carbon lock-in, (1) 
technological, and (2) social/institutional, but adds that the process of escape should not 
be seen as the result of a single change, but rather a series of complex, interconnected 
changes in multiple variables. 

Berkhout et al. (2002: 15) link the nature of transitions that may unfold to the 
vulnerability of a regime to selection pressure.  

We may posit the existence of actors having either highly asymmetric or more balanced sets of 
competences and resources (the greater the imbalance, the less vulnerable is the regime).  Likewise we 
could characterise networks as being either tight, cohesive and closed, or more open and differentiated 
(the tighter and more cohesive, the less vulnerable).  Last, we may imagine institutional arrangements 
that impose high switching costs on incumbent regimes and that promote good connectivity within it, or 
alternatively a set of arrangements that tend to reduce switching costs (perhaps by giving incentives for 
switching) or promote better connectivity within competing regimes. Again the former arrangement 
would tend to favour an incumbent regime. In practice it is likely that different regimes will exhibit 
different sets of characteristics at different points in time, dynamically reshaping the profile of their 
robustness or vulnerability.  
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In order for a regime change to unfold, Berkhout et al. argue that “it must be recognised 
as necessary, feasible and advantageous by a broader range of actors and institutions than 
would normally be the case for a discrete technological change”.  
If we sum up this overview, we can distinguish between factors exogenous to the regime 
(climate change and scientific results), either exogenous or endogenous (technological 
breakthroughs which can occur either from inside or outside the regime; new 
organisational forms, institutional changes), and endogenous (misadaptations, tensions 
within the regime, changes in preferences and niche markets, although probably 
exogenous factors play a role in explaining, e.g., environmental concerns, ICT 
penetration), and non-average actors. We basically adhere to the formulation of Unruh 
(2002) that for a process of transition such as escaping carbon lock-in several 
interconnected changes will have to take place, initiated from both within and outside the 
regimes and consisting of combinations of institutional, organisational and technological 
changes. Although maybe this may not be much help, on the other hand it makes it clear 
that there may be a range of developments available for new innovations to hook on to. 
Moreover, the innovations that emerge at the intersection of different regimes may gain 
strength by exploiting combinations of tensions in different regimes. This bears some 
similarity to an observation on cluster development by Porter (1998: 241), that  

cluster development often becomes particularly vibrant at the intersection of clusters. Here, insights, 
skills, and technologies from different fields merge, sparking new businesses. The presence of multiple 
intersecting clusters further lowers barriers to entry, because potential entrants and spinoffs come from 
several directions. Diversity of learning stimulates innovation. 

The potential changes that can be analysed within the context of CondEcol relate to those 
endogenous to the regime (and perhaps those that may proliferate from other regimes). 
Thus an assessment of the nature of tensions, maladaptations, changes in user preferences 
and niche markets is useful because these are the types of developments that may provide 
windows of opportunities for the proposed innovations, (see the case of the electricity 
regime in the Netherlands in box 5).  For the CondEcol cases this includes at least an 
analysis of two dominant domains: electricity and transport. They share some 
characteristics but also have some fundamental differences. Both are large technical 
systems that consist of various technological components and have strong infrastructure 
requirements. One of the main differences is in the mode of governance. In electricity 
regimes there has historically been a strong role for government in the mode of provision 
and also in innovation, and electricity regimes are still mainly nationally based. The 
transport regime is much more international in nature, and  governments play a relatively 
minor role in innovation. 
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The Sociotechnical Approach further specified in the Context of CondEcol: Key Variables for Change 

Box 5  An indication of relevant institutional changes, tensions, and changes in user 
preferences and niche markets in the electricity regime and its context (based on 
Hofman, 2002) 

At the landscape level 
1. The continued importance of the climate change problem and the increasing translation into 

regulations that internalise the carbon costs of electricity generation. An example was the 
regulatory energy tax in the Netherlands and the growing base for an EU carbon tax, as well as 
the start of pilots for carbon trading and planning of a carbon trading system for Europe. 

2. The process of European integration led to a greater role for Europe in terms of setting the rules 
of the game for various sectors. This also implied a trend towards the creation of a level playing 
field related to electricity sectors, for example with regard to subsidies and taxes, which at the 
onset of the 21st century varied significantly between European countries. The main impact of 
the European Union policies and legislation was on the process of liberalisation in the electricity 
sector and the harmonisation of this process between various member states. 

3. Liberalisation as such continued to impact electricity sectors across Europe as consumers were 
set to have free choice of electricity providers in the course of the first decade of the 21st century.  

4. Information and communication technologies (ICT) continued to penetrate the economy and 
society, also facilitating behaviour changes by actors such as electricity consumers, producers 
and traders. The new economy, based on digital information flows through the Internet, was 
steadily increasing its share of economic transactions. Integration of ICT into a range of 
products and services increased the capacity of individual consumers, local networks, and 
electricity distributors to control electricity supply and demand 

5. The green awareness of citizens, fuelled in part by increasing social concern regarding climate 
change and other environment-related crises (e.g., BSE, swine fever), led to a growing market for 
green products because households were more willing to buy them and governments to support 
them. It also increased the power of interest groups such as environmental NGOs, as their 
popular backing increased.  

 
At the regime level 
6. International transport of electricity increased as significant price differences existed between 

countries and providers. Electricity became an internationally traded commodity instead of a 
nationally produced public good. With the majority of Dutch power plants based on natural gas 
and as its price increased during the second half of the 1990s, electricity from coal-fired and 
nuclear power plants in other countries could often be contracted at a cheaper rate. Imports of 
electricity rose to 30% of total electricity use and the import capacity of the grid was 
constraining further growth. This also led to problems at the infrastructure level, as border 
capacity was limited because grids had been designed to provide back-up support for the 
monopolistically organised domestic electricity regimes but not to facilitate the massive power 
flows that could result from free trade. 

7. In the first decade of the century, gas gained in importance as a source of electricity generation. 
The combined cycle gas turbine (CCGT), which had become the most efficient means of 
electricity generation, was also flexible in terms of scale. In Europe investments in power plants 
were stagnating due to over capacity, and the only plans for relatively large-scale power plants 
were for CCGTs, such as Shell’s construction of a CCGT 600 MW power plant in the Botlek 
area for combined production of heat and power. In the US major investments in new power 
plants were planned at the turn of the century to satisfy demand and to replace obsolete power 
plants. Around 90% of these investments were expected to be in gas-fired power plants 
(combined cycles and gas turbines) because of their flexibility and relatively low capital costs 
(compared to coal-fired and nuclear power plants). 

8. The previously mainly domestic-oriented electricity supply industry developed a more 
international orientation as a wave of liberalisation in electricity markets swept the world. This 
led to increasing concentration and internationalisation of traditional producers of bulk power. 
Restructuring, competition and regulatory reform broke down traditional boundaries between 
electricity, fuel, and equipment suppliers. A growing number of mergers and joint ventures 
emerged at the turn of the century involving electricity utilities, gas utilities, gas pipelines and gas 
marketers (Joskow, 1998). In the Netherlands, for example, foreign electricity companies were 
able to enter the market through acquisition of until then monopolistically organised domestic 
electricity producers. 
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Embedding ‘Radical’ Innovations in Society  

Box 5  An indication of relevant institutional changes, tensions, and changes in user 
preferences and niche markets in the electricity regime and its context (based on 
Hofman, 2002) (cont.) 
9. There was increasing heterogeneity among actors involved in electricity supply and the 

interactions of actors with different backgrounds. This was related to changes in market 
structures, e.g., new exchanges and the emergence of trading companies; changes in regulation 
due to the removal of entrance barriers; and to converging strategies of actors from different 
regimes, e.g., the waste regime and its focus on closing material cycles and reduction of waste 
landfill and the use of the energy contents of (organic) waste for electricity generation. 

10. Electricity changed from an invisible public good that was provided at the socket in houses into 
a visible marketable product, as the role of consumers changed from passive to more active. 
Investments in renewable sources, such as wind and biomass, were especially driven by the 
emergence of green electricity, in which consumers specifically opted for electricity produced by 
renewable sources. Thus the importance of marketing electricity became more and more 
important. This was also related to the possibility for consumers to choose their own provider 
and product, and thus consumers established their own contracts with electricity providers. As 
the role of marketing became crucial in strategies of energy providers, several new companies 
were able to gain market shares by making use of advanced marketing techniques.  

11. A trend towards the use of more flexible electricity generation systems was visible. This meant 
flexibility in terms of shorter construction periods, the ability to use power plants for both peak 
and base-load production or as a back-up system, and the more modular character of energy 
technologies. 

 
At the niche level 
12. There was a trend towards more segmentation of electricity based on economic aspects, market 

aspects, and societal aspects, and this created opportunities for niches. Economic aspects were 
related to price differentiation for electricity in periods of peak demand and off-peak demand, 
as well as different contracts that were settled between producers and customers. Market 
aspects were related to specific requirements of electricity users, such as a level of reliability that 
was higher than average. Societal aspects were related to the differentiation of electricity to 
energy source or production location, such as the demand for green electricity, or domestic 
green electricity, or electricity not produced by nuclear power.  

13. There was a trend of emerging new services related to energy. For example, energy or other 
companies mediated for the collective purchase of electricity for a variety of consumers. Other 
examples were the provision of a package of electricity, water and telecommunications under 
one administrative umbrella, and the provision of smart metering systems and software, made 
possible by ICT developments, to reduce energy use and costs. 

14. A discernable trend was the availability of increasing venture capital for alternative energy 
technologies such as fuel cells and offshore wind farms. A number of actors were willing to 
invest in these funds because of high expectations for energy technologies that are flexible, 
modular and have low environmental impact.  

15. An increasing variety of technological and market niches emerged for electricity generation and 
use based on several of the aforementioned trends. A patchwork of niches was in development 
in order to exploit the opportunities of the enlisted regime changes. There was a large variety of 
options for electricity generation available and in development. Examples were different types 
of fuel cells, microturbines, hybrid microturbines/fuel cells, tidal/wave technologies, biomass 
conversion technologies, PV technologies, wind turbine types, etc. With the increase of 
pressures on fossil-based electricity generation in the last decades of the second millennium, the 
diversity of these options steadily grew. Liberalisation of electricity markets provided another 
incentive for the development of alternatives to centralised large-scale fossil-based electricity 
generation.  
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5 SUGGESTED STEPS IN THE CONDECOL 
PROJECT 

The question remains of how to use the ideas and concepts presented in a way that is 
manageable for the CondEcol project. In order to approach this, we provide a sequence of 
steps that first takes the specific CondEcol cases of innovation as its starting point and 
then focuses on the actions to be taken to embed the new innovations within society. The 
focus of the approach is to identify the main mismatches of the innovative products or 
technologies with the current system and to establish pathways to a future system in 
which the products work. The essence is then to exploit current dynamics in the regime 
and in society at large in a way that facilitates the introduction of the new products. These 
steps combine elements of the actor-technology-network-institution multi-level approach 
with insights from the Socrobust project. The proposed sequence of steps is the following: 

1. Define the new product (in terms of the vision of the world which is already inscribed in the 
project, see the description of the Socrobust project on page 22) and trace the evolution of 
the project until now in terms of actors, technologies and networks involved in them and 
the main issues that have been dealt with (and solved, or still remain controversies). The 
description of how the new product is expected to work (i.e.,the configuration that makes it 
work) should be an introduction to the new product in lay terms, in the way the company is 
trying to sell its innovation. It should point out the key functionalities of the product 
through which it is expected to become successful. 

2. Analyse the existing technological ‘regime’ according to the key concepts of actors, 
technologies, networks and institutions, along the lines of table 5. Focus on the key 
dynamics in terms of the actor strategies, network changes, technological and institutional 
changes that are related to the proposed innovations. This should provide an overview of 
the constellation of actors in the regimes related to the innovation, their main beliefs, 
expectations and agenda. It is important to relate the dominant actors in the regime (market 
actors, policy actors, knowledge actors, societal actors) to how they position themselves 
with regard to the challenge of sustainable development, and the climate problem in 
particular.  

3. Describe the characteristics of a new regime in which the envisaged product (or 
technology) can function; think especially of the design requirements for the new product in 
terms of the nature of relations with suppliers and users, and new types of knowledge that 
have to be generated (see for example table 3 of this report), as well as new institutional 
requirements for the new product, such as the nature of the knowledge infrastructure, the 
development of appropriate standards, the way citizens and communities deal with the new 
product, and the type of incentives under which the product can function, such as 
internalisation of carbon costs  (see also tables 5 and 6 of the report). These requirements 
will also co-evolve with actor networks, possibly implying different constellations of actors 
or new types of actors altogether (for example, in the case of micro combined heat and 
power generation at the household level it was expected that a new actor should act as 
some kind of servicing and leasing firm).  

4. By comparing the existing and future regime, analyse which major changes need to take 
place. Here the core elements of the regime can be referred to: what kind of attributes are 
missing in the key actors (e.g., competencies, routines, functions), technologies (what are 
new or improved components, technologies, how are they linked together, what do we 
know about their environmental performance), networks (which actors, how aligned, e.g., 
changed relations between producers, distributors and users due to newly established 

53 



Embedding ‘Radical’ Innovations in Society  

design; new networks to deal with environmental performance of the product chain), and 
institutions (basic and specific rules for the new system).  

5. Analyse, by focusing on current developments, what factors (tensions in the regime, macro 
landscape factors) may contribute to the realisation of these major changes and which 
actors may act as ‘change agents’. Further, analyse the gap between current expectations 
and visions by actor groups and what kind of processes need be set in motion (in terms of 
vision building, e.g., the hydrogen future, and solving controversies, for example regarding 
the climate-friendly nature of the new product) to make the innovation develop according 
to plan. 

6. Elaborate on the types of action that should be taken to realise the key changes. This may 
involve the type of main controversies that need to be solved by negotiating them in specific 
forums; the types of competencies that need to be developed by specific actors; the types of 
modification or renewal that technological and strategic networks may need in order to 
reach higher order learning; actors that need to be enrolled within the process, for instance 
to increase the credibility or legitimacy of the proposed innovation and the ways of 
achieving that goal; the type of experiments that need to take place; the development of a 
more specific vision for the way the innovation can travel through a specific transition path, 
through a cumulation of niches, by developing hybrid forms with established technologies, 
etc. Here it is possible to distinguish between actions which are within reach for the 
company, those aspects which are more difficult to change or for which other actors have 
more capacity to change, and those actions which need a more long-term strategy such as 
the switchover to hydrogen-based on renewable sources.  

In essence, then what is required is to devise a strategy for changing the ‘rules of the game’ 
in the regime, in combination with aligning and enrolling new actors in the creation of 
alternative social practices connected to the new product or technology.  
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1.  TU Eindhoven/University of Twente (STS)/MERIT (Kemp) 

Research group 
A group of researchers mainly originating from Twente (with the exception of Rene 
Kemp) has been influential in developing a specific analytical perspective on transitions. 
Their primary focus is on the way more radical innovations come about and penetrate 
society. To understand technological transitions, these research groups are developing a 
multi-level perspective that builds upon insights from the field of Science and Technology 
Studies (STS). STS  emphasises the interrelatedness between technical and social change, 
analysing how technology is shaped by social, economic, cultural and political forces, how 
new technologies shape society and the interaction between various actors. 

Some main members 
TU Eindhoven 
Prof. J.W. Schot 
Dr. G. Verbong 
Dr. F. Geels (earned his PhD from Twente) 
 
MERIT 
Dr. R. Kemp 
 
University of Twente: Centre for Studies of Science, Technology and Society 
Prof. A. Rip 
Dr. B. Elzen 
Dr. F.W. Geels 
Prof. J.W. Schot 

Key publications 
Elzen, B., Geels, F.W., Hoogma, R., Schot, J.W. and Te Velde, R., 1998, Strategieën voor 

innovatie: Experimenten met elektrische voertuigen als opstap naar 
marktontwikkeling, Report for the Association of Electricity Utilities in the 
Netherlands (SEP), Arnhem. 

Geels, F.W. (2002a) Understanding the Dynamics of Technological Transitions, 
Ph.D.Thesis University of Twente, Twente University Press. 

Geels, F.W. (2002b) Technological transitions as evolutionary reconfiguration processes: 
A multi-level perspective and a case-study, Research Policy, 31, 8/9. 

Kemp (1994) Technology and the Transition to Environmental Sustainability – The 
problem of technological regime shifts, Futures, 26, 10: 1023-1046. 

Kemp, R., A. Rip, and J. Schot (2001) Constructing Transition Paths Through the 
Management of Niches, in: Garud, R. and P. Karnøe (eds.) Path Dependence and 
Creation, pp. 269-299, Lawrence Erlbaum Associates, London. 

Kemp, R. and J. Rotmans (2001) The Management of the Co-Evolution of Technical, 
Environmental and Social Systems, Paper for the conference ‘Towards Environmental 
Innovation Systems’, 27-29 Sept., Garmisch-Partenkirchen. 
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Kemp, R. and J. Rotmans (2002) Managing the transition to sustainable mobility, Paper 
for workshop ‘Transitions and System Innovations’, Enschede, 4-6 July. 

Poel, I van de (2003) The transformation of technological regimes, Research Policy, 31, 1: 
49-68. 

Rip, A. and R. Kemp, Technologic Change (1998) Chapter 6 in S. Rayner and E.L. 
Malone, Human choice and climate change, Volume Two, Resources and Technology, 
pp. 327-399, Batelle Press, Columbus. 

Rotmans, J., R. Kemp, M. van Asselt, F. Geels, G. Verbong and K. Molendijk (2000) 
Transities & Transitiemanagement: De casus van een emissiearme energievoorziening, 
ICIS/MERIT, Maastricht. 

Schot, J. (2001) Towards New Forms of Participatory Technology Development, 
Technology Analysis and Strategic Management, Vol. 13, No. 1, pp. 39-52. 

Van den Ende, J., R. Kemp (1999) Technological transformations in history: how the 
computer regime grew out of existing computing regimes, Research Policy 28: 833–
851. 

Key projects 
1. Transitions: what drives them and how are they managed? Research project funded 

by the environment and economy programme of the Dutch Scientific Council (2002-
2004). Project leader: R. Kemp (MERIT), in collaboration with F. Geels (TU 
Eindhoven) and B. Elzen (Twente). 

Transitions are societal transformations in which society or a complex subsystem 
structurally changes in continuous, gradual way. Transitions are the result of a dynamic 
interplay among multiple factors, which mutually shape each other but at the same time 
have their own trajectory of development. Technological transitions (TT) - transitions in 
which technical change is a prominent element - may offer sustainability benefits and are 
therefore interesting for public policy. The programme aims to synthesise and deepen our 
understanding of technological transitions through the development of a database of 15 
transitions and a detailed study of the ongoing transition in waste management. The 
following major research questions serve as a guideline for our research project:  

− Are the transition phases used in the literature (see overall programme description) 
adequate, and can they be clearly identified (e.g., market shares, particular actors, particular 
activities)?  

− To what extent were TT foreseen, expected and intentionally managed, and if so, at which 
phase? What was the role of widely shared expectations?  

− Are there common strategic behavioural patterns among the actors involved, and, if so, how 
did these strategies interact and co-evolve over time?  

− What was the relationship between incremental innovation and TT? Was incremental 
change in the incumbent regime merely a defence to new technologies ('sailing ship effect')? 
Or did incremental change provide opportunities for further change ('stepping stone 
dynamic')?  

− Does the interplay of technical change and institutional change differ in different transitions 
and in various phases of a particular transition? Does technical change lead/precede 
institutional change or vice versa?  
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− What was the role of public authorities (in different phases)? What do the transitions tell 
about the proper role of public authorities and public policy in various transition stages? 
More specifically, what does transition management look like for waste management? 

 

2) Project: BLUEPRINT (2001-2003) (MERIT)  

Science and Technology policies (S&T) are a key factor for sustainability but the 
instruments must be adapted within a broader framework that stresses the importance of 
policy coherence and of inter-linkages within innovation systems.  

Policy coherence implies improved integration of S&T and environmental policies and 
thus an enhanced dialogue and co-ordination between science and technology and 
environmental policy makers and researchers. The focus of the BLUEPRINT network is 
to enhance dialogue and initiating partnerships in S&T and to promote environmental 
policies that can contribute to both sustainable development and industrial 
competitiveness. BLUEPRINT is the short name for "Blueprints for an Integration of 
Science, Technology and Environmental Policy". In five workshops and a conference, the 
network will undertake an in-depth examination of the relation between S&T and 
environmental policies, taking into consideration the complexity of factors that influence 
innovation and environmental decisions along value chains.  

The objective is to promote dialogue between the research community, policymakers, 
industry and intermediate organisations in Europe in order to enhance policy coherence 
in addressing sustainable development issues.  

 

3) Technological regime shifts to environmental sustainability (1998-2002). Research 
project funded by the environment and economy programme of the Dutch Scientific 
Council. Organisations: MERIT and University of Twente, Center for Studies of 
Science, Technology and Society; project leader: R. Kemp.  

In this project technological transitions are seen as changes in technological regimes: from 
existing technological regimes to new regimes, based on different technologies, supplier 
and user practices and linkages, skills, infrastructures, feedstocks, and institutions. A 
central idea is that regime shifts to more sustainable regimes occur because of the 
successful development of radical innovations in niches and the weaknesses of existing 
regimes in the form of system limits, unsatisfied demand, or the accumulation of negative 
side effects, creating room for new technologies and practices. Whether the new 
technologies will successfully invade existing regimes will depend on the rapidity of 
technical change in new technologies and technical change in related areas, the evolution 
of demand and changes in the institutional framework. 

The project postulates that niches play an important role in changes in technological 
regimes. In the early phases a radically new technology usually enjoys little or no 
economic advantage. Radically new technologies (such as electric vehicles and novel 
protein foods, e.g., artificial meat) need some kind of protection to flourish. Such 
protection may be offered by a niche: either a technological niche (created by a 
government research programme or procurement policy) or a market niche. Niches are 
important for the development of a new regime because they help to demonstrate the 
viability of a specific technology, to build a constituency behind a product, and to set into 
motion interactive learning processes and institutional adaptations – in management, 
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organisation, and the overall institutional framework – that are all important to the further 
development and diffusion of the new technology. For modelling niche development, it is 
important to emphasise that niches do not develop along dimensions of increasing 
functionality. On the contrary, developments will branch in different, sometimes 
unexpected directions. The shape of a technology, its usage and its effects on the economy 
and society can be very different 10 years on than at the beginning. Paths of niche 
development will be influenced by changes within existing regimes, directions of ongoing 
trends in technology in related areas, and overall changes in demand.  

In the project we focus on processes of niche development and regime change, e.g., the 
development of electric vehicles vis-à-vis gasoline-powered vehicles, the use of renewables 
vis-à-vis fossil fuel power plants, and so on. The reason for focusing on regimes rather 
than on individual technologies is that a focus on individual technologies might disregard 
the many linkages between different technologies and social practices, hence failing to see 
the wider implications of micro-level changes for long-term development at the meso level 
through (endogenous) processes of capital formation, cumulative learning and 
institutional adaptation. 

Analytical Approach 
At the heart of transition theory are three ‘levels’ and the interactions between them. I will 
briefly outline the multi-level framework, which has been described more elaborately 
elsewhere (Rotmans et al., 2000; Kemp, Rip and Schot, 2001; Geels 2002a). The three 
levels are the sociotechnical landscape, the sociotechnical regime and technological 
niches.  

The relation between the three concepts can be understood as a nested hierarchy or 
multi-level perspective (see figure). The meso-level of sociotechnical regimes accounts for 
the stability of existing technological development and the occurrence of trajectories. 
Technological transitions are about major changes in sociotechnical regimes. This can 
involve change in many dimensions of the regime such as technology, user practices, 
networks, regulation, infrastructure, required knowledge, and culture.  The macro-level 
of landscape consists of mostly slowly changing external factors, providing gradients for 
the innovation trajectories within regimes. The micro-level of niches accounts for the 
generation of radical innovations.  

The nested character of these levels means that regimes are embedded within 
landscapes and niches within regimes. Novelties emerge in niches in the context of 
existing regimes and landscapes, with their specific problems, rules and capabilities. New 
technologies, which are initially developed within the old framework, often face a 
mismatch with the established economic, social and/or political dimensions. Most 
innovations take place within the regime, typically leading to gradual evolution or regime 
optimisation. Regime actors built and improve upon what is already there in terms of 
artefacts, knowledge, infrastructure and technologies. Although gradual change is the 
common pattern, there are plenty of historical examples of radical transitions. Analysis of 
such transitions indicates that technological niches play a crucial role in their early 
phases. 
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Landscape

Patchwork
of regimes

Niches
(novelty)

 
Multiple levels as a nested hierarchy (Geels, 2002a) 

 
These niches emerge and develop partly in response to pressure and serious problems in 
an existing regime, which can be either internal to the regime itself (such as power failure) 
or come from the sociotechnical landscape (e.g., the current pressure to curb CO2 
emissions, which affects more than just the electricity regime). Whether innovations set 
things in motion that eventually lead to a transition depends upon the developments 
within these niches and the interaction between these niches and the regime. Geels 
(2002a) has distinguished two general patterns in transitions, viz. (1) technical 
substitution and (2) broad transformation.  

In the substitution route, sociotechnical regimes are relatively stable until the wide 
diffusion of the new technologies. The diffusion and breakthrough of niches into main 
markets triggers wider changes and may cause established producers to fail (Schumpeter’s 
‘gales of destruction’). This is called ‘substitution’ because the user substitutes one 
technology for another with relatively little change in meaning and behaviour. 

The transformation route involves more than technical substitution, as multiple 
changes can occur in user behaviour, cultural change, policy changes, infrastructural 
change, etc. As these changes create some tension within the regime, the regime starts to 
loosen up (more divergence of actor strategies, corrosion of stable principles, introduction 
of new principles within a regime, e.g., energy saving and reduction of carbon emissions 
within the electricity regime). This may create windows of opportunity for novelties to 
couple with some of these initial changes within the regime and stimulate actors to 
experiment with technical options. In most cases, new technologies do not break through 
individually but first merge with each other or with parts of the regime. The typical pattern 
in broad transformation is that the regime (usually under pressure) first opens up and 
creates room for a wide variety of niches. One or more of these may then start to grow at 
the expense of the existing regime until they become the new dominant regime. Then the 
regime tends to close in again, reducing the room for niches (Geels, 2002a).  

Below these general longer-term patterns, a number of shorter-term mechanisms can 
be distinguished. Some examples are:  

− a regime trying to counter the threat of upcoming niches via various improvements (e.g., 
coal power producers in the Netherlands starting with co-combustion of coal with biomass 
to reduce the pressure of a variety of more carbon-friendly alternatives). 

− niche cumulation: technologies develop and diffuse through different domains of 
application or niche markets (e.g., photovoltaic power moving from use in satellites to 
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stand-alone systems to grid-connected systems, or fuel cells from use in satellites to use as 
back-up power for super high reliable power production); 

− hybridisation: the merger of two options to create something new, e.g., the merger of the gas 
turbine and the steam turbine into combined cycles (Islas, 1997), or the merger of the fuel 
cell and the gas turbine into a more efficient power generating system.  

− new technical developments triggering new societal developments, e.g., the introduction of 
ICT leading to the new economy, or the emergence of the internet as a new means for 
information gathering and recreation. 

− emerging new user patterns: some technologies may induce (initially small) groups of users 
to change their behaviour, and these groups may grow under specific circumstances, 
triggered by a variety of reasons such as creating new opportunities, distinction, cost-
performance considerations, etc. In transitions, often a combination of such reasons is at 
work. 

The meso-level of technological regimes is crucial in the multi-level framework. 
Technological regimes refer to the cognitive, normative and formal rules which are shared 
by the dominant actors in a sector or technology domain (e.g., producers, users, 
government). Technological regimes are an explanation for the occurrence of techno-
logical trajectories, i.e., the structured and ordered development of technologies. The rules 
of technological regimes are embedded more widely in the knowledge base, in engineering 
practices and beliefs, in management systems and corporate governance structures, in 
manufacturing processes, in the characteristics of products, institutions and infrastructures 
that make up a technological regime. Examples of such rules are: the search heuristics of 
the engineers, technical standards, the rules of the market in which firms operate, the user 
requirements to be accommodated at any given time, and the rules laid down by 
governments, investors and insurance companies. 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 concept of 
technological regimes helps explain  inertia in sociotechnical change due largely to the 
embeddedness of existing technologies in broader technical systems,  production and 
consumption patterns, belief systems and values, which creates economic, technological, 
cognitive and social barriers for new technologies.  

Because of this inertia, many new technologies remain on the shelf. For instance, the 
new product may require different knowledge and capabilities, new production 
techniques and skills that may not be available. Their use and development may require 
complementary inventions and changes in organisation (in production routines, in plant 
and factory layout) plus changes in the institutional context (in regulation, fiscal policies 
and social norms and values). These are known to come about slowly. Radically new 
technologies may also have a hard time penetrating the market because of strategic 
opposition from firms vested in the old technology, as invasion of new technology can 
erode the value of past investments (Geels, 2002a).  

The question is then how to overcome regime barriers and how technologies can 
develop into successful products. The focus by these scholars is especially on processes of 
niche formation.  A niche can be seen as a specific domain for application in which 
producers and users - sometimes together with third parties such as governments - form 
an alliance to protect new technologies against excessively harsh market selection.  Niche 
developments occur in two (partly overlapping) forms:  technological niches and market 
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niches. Niche development starts in protected spaces, where regular market conditions do 
not prevail because of special conditions created through subsidies and an alignment 
between various actors. Technological niches can develop into market niches (specific 
markets in which regular market transactions prevail). Niches are important for the 
development of new technology. They provide scope for such key processes as:  coupling 
of promises and expectations, learning and articulation processes, and network formation 
(based on Elzen et al. 1998). 

 
a) Promises and expectations 
In the early stages of development, the advantages of a new technology are often not 
evident. Its value still has to be proven and there are many resisting forces. In order to get 
the new technology on the agenda, actors make promises and raise expectations about 
new technologies. 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. Once certain promises have been accepted and placed on the 
agenda, activities need to be developed to substantiate the expectations, for instance by 
conducting research or doing experiments. 

 
b) Learning and articulation processes 
In niches the actors can learn about regime barriers and how they may be overcome. 
There is a wide range of dimensions for learning: 

1.  Articulation of technical aspects and design specifications: what adjustments to the 
technology are required? What is the scope for learning economies, and for overcoming 
initial limitations? 

2.  Articulation of government policy: what changes in fiscal policies and legislation are 
necessary to make an application of the technology possible or stimulate its use? Should the 
government assume a different role? 

3.  Articulation of cultural and psychological meaning: what symbolic meaning can be given to 
the new technology? For example, can it be labelled and promoted as a safe and 
environmentally benign technology, and/or as a technology that accords with a modern 
lifestyle? 

4.  Articulation of the market: for whom is the new technology produced? What are the 
consumers' needs and requirements? How can the technology be effectively marketed? 

5.  Articulation of the production network: who should produce and distribute the new 
technology and complementary products? 

6.  Articulation of the infrastructure and maintenance network: what complementary 
technologies, capabilities and infrastructure must be developed, and by whom? Who is 
responsible for 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? 
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c) Network formation 
The development of a niche often requires 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 niche development. In order to expand the niche, specific new actors 
must be involved. New network relations should be developed in which the new 
technology can function as desired. 

In overview, then, according to these scholars, regime shifts occur as follows. A novelty 
emerges in a local practice and becomes part of a technological niche when system 
builders are able to form a network of actors that share certain expectations about the 
future success of the novelty, and are willing to fund further development and learning 
processes. The technological niche is formed against the background of the existing 
regime and landscape. The further success of niche formation is linked on the one hand to 
processes within the niche (micro-level) and on the other hand to developments at the 
level of the existing regime (meso-level) and the sociotechnical landscape (macro-level). 
In the niche the technology is improved. Under certain circumstances it may find a place 
in specific market niches. When the market niches expand, the technology may transform 
or replace the existing regime. In a later stage, the new regime may even trigger changes at 
the landscape level (e.g., the computer regime leading to applications such as the internet 
with its pervasive impact on society). 

The group (especially Geels and Kemp) has also played a leading role in developing 
the concept of ‘transition management’, which has played a prominent role in the most 
recent National Environmental Policy Plan. Rotmans, Kemp et al. (2000) developed 
central notions to the concept of transition management with a specific application in 
the energy domain. The table on the next page represents the main ideas at that stage. 
Principal ongoing projects are the development of a historical database on transition 
(Geels, Schot); research on transition in the energy domain (Verbong, Elzen, Hofman); 
and the development of a sociotechnical scenario for transition policy (Elzen, Geels, 
Hofman).  
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Specification of concepts of transition management (translated from Rotmans et al., 2000)  

 Knowledge question Societal actions Energy agenda 

Is a 
transition 
needed? 

Where are we headed: is this 
societally desirable? 

Public debate about the 
need for a transition 

The necessity of change in 
the context of energy-related 
developments, the 
establishment of transition 
goals for energy. 

Transition 
goals and 
ultimate 
images  

What long-term goals should be 
pursued; what are minimum levels 
for safety, viability, material welfare, 
nature and the environment?  

Broad public discussion, 
political decision-making, 
vision development   

Establishing minimum levels 
for energy-relevant aspects 
(such as CO2, GNP, 
biodiversity, health, safety, 
viability)  

Transition 
paths 

Establishing possible transition 
paths (improvement, hybrid forms, 
niches, processes of societal 
embedding, niche participants) and 
exploration of barriers (at micro-, 
meso- and macro-levels). 

Discussion pros and cons of 
different paths: is there a 
clearly superior path? to 
what extent are paths 
feasible? which options fit 
best in transition paths? 

 

Establishment of possible 
two-world options,  ‘add-
ons’, hybrid transitory forms 
and niches (e.g., hydrogen), 
infrastructure and 
organisation, alternative 
systems for transport and 
distribution, societal 
resistance to alternatives  

Landscape 
changes   

How is society developing: socially, 
culturally, spatially and 
economically? How does the 
technological landscape look? Are 
developments positive or negative 
(opportunities and threats)? 
Opportunities to hook on to 
developments?  

Communication; 
participative scenario 
development 

What do the established 
landscape changes imply for 
energy? How can transition 
management respond to 
this? 

Regimes and 
niche 
participants 

Is there a change in guiding 
principles and rules within 
regimes? Vested actors? Niche 
participation? Basis for 
innovation? 

 

Support in the formation of 
knowledge networks and 
alliances for specific 
innovations, promotion of 
learning processes  

Fomation of alliances for 
new energy carriers (H2 and 
biomass) and for systems 
innovation.  

Specific: collaboration 
between the agricultural 
sector and the oil refining 
sector for transport fuels. In 
the transport sector, focused 
experiments. 

Transition 
corridor 

What are appropriate intermediate 
goals for the realisation of 
transitions, taking into account 
trends and societal conditions?  

Consultation and 
negotiation with societal 
actors, on the basis of 
feasible, flexible and useful 
goals. Evaluation and 
adaptation of goals in 
development rounds 
(moments of 
reconsideration and 
establishing directions)  

Establishment of corridor for 
energy transition, goals with 
actors, taking into account:  

1.  trends in energy supply  

2. changes in the demand 
side 

3.  learning curves of new 
technologies and energy 
carriers 

4. risks and societal 
preferences  
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Specification of concepts of transition management (translated from Rotmans et al., 2000) (cont.) 

 Knowledge question Societal actions Energy agenda 

Which 
“windows 
of oppor-
tunity” for 
inter-
vention? 

Identification of windows of 
opportunity, short term (0-10 
years) and longer term (decades). 
E.g: substitution of existing capital 
equipment, scarcity problems, 
disasters.  

Exploitation of windows of 
opportunity. E.g., the 
implementation of a CO2-
tax in the case of low 
electricity prices and 
substantial public interest in 
the climate change problem 

The Kyoto agreement 
currently constitutes a 
clear window of 
opportunity. Awareness of  
windows of opportunity 
after 2010.  

Basis for 
transition 
manageme
nt 

Exploration and embedding of the 
concepts of transition management 

Generating interest among 
political and societal actors 
for transition management  

Exploration of the 
concepts of transition 
management with energy 
actors, including energy 
users  

Involving 
foreign 
elements in 
transition 
manageme
nt 

International research programmes International transfer of the 
concepts of transition 
management; formation of 
transition coalitions with 
other countries 

Discussion of transition 
management in 
international energy fora, 
formation of coalitions 
with countries that want 
to commit to transition 
goals  

Capacity 
building 

Broad interdisciplinary research 
programme for societal transitions 
with special focus on steering. 
Transition managers in spé. 
Knowledge infrastructure; Science 
and education policy 

Gaining experience with  
transition management and 
with new instruments such 
as niche management, game 
simulations and process 
management through 
development rounds 

Gaining experience with  
transition management in 
the energy domain 

Averting 
lock-in and 
backlashes 

Identification of risks posed by 
alternatives 

Stimulating a multitude of 
options, prudent 
implementation of new 
options (in addition to 
stimulation also control of 
new technology)   

Research into risks and 
negative effects of climate-
friendly solutions, such as 
clean fossil fuels and 
biomass. Protection for 
immature options.   

 
Based on the theoretical framework for transitions, Elzen, Geels and Hofman develop a 
specific methodology for the development of sociotechnical scenarios with an application 
for the transport and energy sector. The next table gives a broad overview of the different 
scenarios and the key processes underlying them. 
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Characterisation of two energy transition paths (Elzen, Geels and Hofman, 2002).  

 Large-scale integration of renewables in 
the electricity regime 

Distributed generation with a variety of power 
plants located close to demand 

Main 
characteristics 

Large-scale power plants at the 
international level, based on biomass 
gasification, wind power, pv and 
hydrogen facilities; international 
electricity highway; international co-
ordination of electricity flows  

Dominance of locally based networks with 
electricity generation units dimensioned to local 
demand (high-voltage grid serving as back up); 
integration of a number of energy 
technologies/sources such as pv, wind, biomass, 
fuel cells, turbines at the local level 

Initial niches – Biomass co-combustion in coal-fired 
power plants 

– Offshore wind power farms 

– Coal/Biomass gasification; based on 
international niche proliferation 

– Fossil generation with CO2 
separation, storage. 

– Combined heat and power production with 
small -scale electricity generation 
technologies 

– Local power generation because of 
overburdened grid 

– ICT demand for reliable power  

– New housing districts with low energy 
impact 

Main similarities Gas and hydrogen as important bridging 
resources, fuel cells an important energy 
technology in hybrid combinations 

Gas and hydrogen as important bridging 
resources, fuel cells an important energy 
technology in hybrid combinations 

Drivers 

Landscape  Liberalisation, EU integration, climate 
change, security 

Liberalisation, ICT, sustainability/climate 
change 

Regime Increasing international character of 
regime, uptake of renewables by regime 

Battle between electricity producers, multi-
utilities and gas companies; changing position of 
consumers 

Niches Hybridisation of niches with regime; 
niches adapt to dominant design of 
central station electricity 

First niches because of differentiation in regime; 
niches slowly build new power system design of 
distributed generation 

Networks Networks with traditional electricity 
producers, distributors and government 
actors; oil and chemical sector part of 
electricity regime 

Networks of energy distributors, engineering 
firms, construction companies, housing 
associations, environmental NGOs and 
municipalities 

Policy Strengthening of international grid, EU 
policies, support for green electricity, and 
labelling of electricity flows  

Local energy policy, stimulation of alternative 
infrastructures, integration of energy in built 
environment 

Key processes 

Learning Dealing with the international electricity 
trade, transmission; political issues; 
integration of renewables; biomass 
sources, logistics, trade, standards  

Local design of electricity systems, two-way 
electricity flows, integration of various energy 
technologies, local biomass conversion, 
hydrogen production, safety issues, management 
issues 

Changing user 
practices 

Choice of users for electricity type, green 
electricity as benign development 

User also becomes producer; user manages 
electricity demand and supply, role of ICT 

Institutional 
change 

Electricity labelling, green electricity by 
new facilities, carbon pricing, spatial 
planning/decision-making procedures 

Integration of electricity generation in built 
environment, stronger role for local government 
in infrastructure, planning systems, local climate 
goals 
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2.  Erasmus University Rotterdam 

Research group:  Centre for Sustainable Development and Management (ESM) 

Research group details 
The Erasmus Centre for Sustainable Development and Management (ESM), formerly 
known as "Erasmus Studiecentrum voor Milieukunde", was founded in 1984 at the 
Erasmus University Rotterdam. The core of ESM research is a multi-disciplinary approach 
to the societal aspects of environmental problems. The adoption and diffusion of 
innovations that are beneficial for the environment is a focal point in research and 
education programs. ESM is one of the largest research groups in the Netherlands on 
environmental management and cleaner production. The group is led by Professor Nigel 
Roome, who left his position at the University of Brabant a couple of years ago to move 
with several other people to the Erasmus University. Professer Hafkamp, former director, 
is an important advisor for the Dutch environmental ministry and has played a key role in 
developing the idea that both the environment and the economy can profit from 
innovative activities.  
 
Some main members 
Prof. Nigel Roome (director) 
Prof. W. Hafkamp (former director, currently dean of faculty) 
Prof. D. Huisingh (cleaner production expert) 
Dr. Frank Boons (industrial ecology expert) 
Dr. Hans Dieleman (cleaner production expert) 
Drs. Leo Baas (industrial ecology expert) 

Research directions 
The research of this group is centered around the role of the firm in environment-oriented 
innovations, with a specific focus on innovations that have their basis in organisational 
change. The development of environmental management within companies is one of the 
areas of research, with specific publications by Roome on how this entails a process of 
change within companies and a process of change in dealing with external stakeholders. 
The network perspective is a key element in the group’s approach to environmental 
management, as in a system of more sophisticated environmental management the firm 
needs to connect with a variety of stakeholders. Clarke and Roome (1999) examine the 
nature of an organisation’s “learning-action network,” defined as the set of informal 
linkages that overlay and complement formal organisational structures to tie individuals 
together through a flow of knowledge, information, and ideas.  These networks facilitate 
reciprocal exchanges of knowledge and information between internal and external 
stakeholders, an exchange that is required for proactive environmental management and 
sustainable development.  “Network champions” appear to play an important 
collaborative leadership role in learning-action networks, as they essentially work to 
bridge dissimilar constituents and sustain network relationships.  The challenge for 
strategists, technology managers, and environmental managers is to integrate the “soft 
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inputs” from learning-action networks with the more analytical skills of strategy, 
technology development, and management. 

A second area of research is on cleaner production. At the end of the 1980s, Prof. D. 
Huisingh played an important role in convincing policy makers of the feasibility of the 
concept, and he remains involved in a PhD programme at ESM on cleaner production, 
although his main position is at IIIEE in Lund, Sweden. Dieleman, one of the pioneers in 
pollution prevention in the Netherlands, was involved in the PRISMA project (the first 
demonstration cleaner production project, which has triggered a wave of projects in the 
1990s). Evaluation research has shown that despite the number of projects, industry’s 
awareness of cleaner production remains limited, and the implementation of cleaner 
production options has proved more complicated than predicted (among others 
evaluations at CSTM by Bressers, de Bruijn et al. (1996) and de Bruijn and Hofman 
(1998, 1999)). Dieleman’s main question was how to explain the limited adoption of 
cleaner production approaches in industry although they are (1) financially attractive, (2) 
easy to implement and (3) at the same time stimulated through different policy 
instruments (Dieleman 1999: 217).  The approach he uses to explain the limited diffusion 
is based on insights from evolutionary economists such as Nelson and Winter, 
institutional economics and technology studies (further elaboration in analytical 
approach). His conclusion is that established routines at the level of the firm and path 
dependencies in the interaction between the firm and its context make it difficult to realise 
the type of double-loop learning that is required in order to absorb the concept of cleaner 
production.  

Another area of research is the development and implementation of environment-
oriented innovations that go beyond the boundaries of individual firms. Boons has been 
working on innovations along the product chain in which a number of companies need to 
collaborate, such as  the development of products with take-back systems in the disposal 
phase of the product. Baas and Boons have been involved in projects on industrial 
ecology. The main project is in the Rijnmond area with its cluster of petrochemical 
industries.  

Some key projects 
1. Dynamics in environmental management: interaction, integration, change and 

strategy.  

Project leader: Prof. W. Hafkamp. Four-year research project in the first tranche of the 
environment and economy programme of the Dutch Scientific Council. 

 
Project description: An emerging body of knowledge on business environmental 
management has developed over the past ten years. To a large extent this has focused on 
the development of tools enabling companies to understand their environmental impacts 
and to implement environmental management procedures (including techniques, 
methods, manuals and systems). In contrast, the aims of this research programme are: to 
contribute to the integration of theory and practice in environmental management in 
business; to deepen the theoretical foundation on which environmental management is 
based; to develop empirically grounded explanations of the dynamic aspects of 
environmental management practice, and through this to develop more robust typologies 
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and dynamic models of practice. The overall research issue addressed by the programme 
is: How and why does environmental management change over time? This is considered 
as a process which takes place both within and around companies. To develop an 
improved understanding of these processes and the role and interaction of actors, the 
programme is built around four linked research projects, using a meta-theory of 
organisational learning in complex systems as its integrative framework. The research 
teams for these projects will work together and with a specially selected panel of managers 
from enterprises that reflect the experience of environmental management in industry. 

 

2. Clusters of innovation for sustainability (CIS).  

Project leader: Prof. N.J. Roome. Four-year research project in the second tranche of the 
environment and economy programme of the Dutch Scientific Council. 
 
Project description: The programme seeks to analyse changes towards sustainability using 
clusters of organisations as the central unit of analysis. As sustainable development is a 
learning process that involves changes in the boundary between individual firms and their 
institutional context, the cluster perspective is essential for understanding how firms can 
contribute to sustainable development. This analysis will focus on the dynamics of clusters 
of innovation for sustainability, the link with processes of globalisation, and the policy 
tools through which the emergence and development of clusters of sustainability can be 
influenced. 

Key publications  
Clarke S, Roome NJ. (1999) Sustainable Business:  Learning-Action Networks as Organizational 

Assets.  Business Strategy and the Environment 8, 5: 296-310. 

Clarke SF, Roome N. (1995) Managing for Environmentally Sensitive Technology:  Networks for 
collaboration and learning. Technology Assessment and Strategic Management 7, 2:  pp. 191-
215. 

Roome NJ (1998) (ed.) Sustainability Strategies for Industry; Island Press: Washington DC. 

Roome (2001a) Conceptualizing and Studying the Contribution of Networks in Environmental 
Management and Sustainable Development, Business Strategy and the Environment 10, 5: 69-
76. 

Roome (2001b) Policies and Conditions for Environmental Innovation and Management in 
Industry, paper presented at the International Conference Towards Environmental Innovation 
Systems, Garmisch-Partenkirchen, September 27-29. 

EC Expert Working Group (2001) Sustainable Production – Challenges & objectives for EU 
Research Policy, Report of the Expert Group on Competitive & Sustainable Production and 
Related Service Industries in Europe in the Period to 2020, European Commission, July.  

Baas, L. W. (1999) Cleaner production and industrial ecology, a Dutch experience, Journal of 
Cleaner Production, 6(3-4), pp. 187-196 

Dieleman H. (1999) De Arena van Schoner Productie, mens en organisatie tussen behoud en 
verandering (The Arena of Cleaner Production, man and organisation between conservation and 
change), PhD Thesis Erasmus University Rotterdam.  

Boons, F.A.A. and L.W. Baas (1997) Types of industrial ecology: the problem of coordination, 
Journal of Cleaner Production, 5, 1-2: 79-86. 
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Boons, F., L. Baas, J. Bouma, A. De Groene, K. Le Blansch (2000) The Changing Nature of 
Business, International Books, Utrecht. 

Boons, F., and M. Berends (2001) Stretching the Boundary: The Possibilities of Flexibility as an 
Organizational Capability in Industrial Ecology, Business Strategy and the Environment 10, 5: 
115-124. 

Analytical Approach 
In the group several analytical approaches are used that are relevant for the CondEcol 
project because they all centre around the role of the firm in environment-oriented 
innovations. In his doctoral dissertation Dieleman uses theoretical perspectives from 
technology studies and institutional economics that view innovation as a process of 
searching, learning and adapting to explain why it is so difficult for firms to integrate the 
approach of cleaner production in their organisation. The limited success of cleaner 
production is explained by the fact that the participation of firms in cleaner production 
projects does not necessarily bring about a change in routines, while according to 
Dieleman, a change in the routines of firms is central to the whole concept of cleaner 
production. Dieleman’s focus is then on how these routines are anchored in the company 
and embedded in a company’s context. Change processes necessary for more radical 
environmental innovations need to occur both at the level of firms and their routines, and 
in the institutions that reinforce the way companies behave. His main conclusion is that 
cleaner production projects have mainly generated what he terms single-loop learning. 
This type of learning leads to improvements in production processes and management but 
does not fundamentally alter the way the company functions or the way it manages its 
production process. Values, ways of thinking (beliefs) and routines are thus unchanged, 
and the ‘art of pollution prevention’ does not become integrated within the company. In 
order to acquire the concept of pollution prevention, double-loop learning is required, 
where underlying values and beliefs are addressed and the current way of doing things is 
questioned. Companies need to break through their established routines, conventions, and 
standard solutions and to ‘defreeze’ established images (Dieleman, 1999: 225). Companies 
need to be confronted with the fact that they overlook the potential for prevention and 
have developed blind spots for the opportunities that exist. Thus, confrontation is a key 
mechanism for breaking out from existing social practices. External actors often play a 
role in this confrontation, as the collective mental frames within firms do not bind them. 
The lack of confrontation is explained by Dieleman as a lack of incentives for 
confrontation from the firms’ context. Confrontation can initially take place through 
networks in which companies operate. According to Dieleman, however, the networks for 
cleaner production are not designed from the perspective of stimulating confrontation, 
and the wider context in which companies operate (e.g., the regulatory environment; 
intermediaries; the knowledge infrastructure) is not geared towards stimulating prevention 
but is still largely rooted in the trajectory of cleaning up pollution (i.e., pollution control 
instead of pollution prevention).      

Clarke and Roome (1999) examine the nature of an organisation’s learning-action 
network, defined as the set of informal linkages which overlay and complement formal 
organisational structures to tie individuals together through a flow of knowledge, 
information, and ideas (Clarke and Roome, 1995).  These networks facilitate reciprocal 
exchanges of knowledge and information between internal and external stakeholders, as is 
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required for the proactive collaboration organisations must pursue for environmental 
management and sustainable development.  The more comprehensive a network, the 
greater the demands on the process skills of managers to reconcile problems that stem 
from differing stakeholder perspectives and values.  Network champions appear to play an 
important collaborative leadership role in learning-action networks, as they essentially 
work to bridge constituents and sustain network relationships.  Clarke and Roome (1999) 
find that the challenge for strategists, technology managers, and environmental managers 
is to integrate and harmonise the soft inputs from learning-action networks with the more 
analytical skills of strategy, technology development, and management.   

Implementation of values associated with sustainable development is thus a process in 
which collaboration is indispensable. Effective environmental management and 
sustainable development involves inclusive networks for learning and action, requiring 
companies to use networks of stakeholders as a means to confirm and validate their 
approaches to environmental problems.  The learning-action network concept requires 
multi-stakeholder consultations and collaboration, but it also implies a high degree of 
openness and transparency concerning corporate operations and management or 
collaborative leadership.  This participative process is a precondition for mutual learning 
and transformation. 

In his work, Boons focuses on processes of organisational change between firms 
interacting in product chains or industrial ecology networks. One focus is on 
characteristics of networks and the relation to the type of learning that is generated. For 
example in Boons and Berends (2001) the focus is on co-ordination within networks and 
the level of flexibility/rigidity. It is asserted that industrial ecology can lead to tighter 
couplings between companies, technically as well as socially. “This occurs as technical 
processes become more linked, and co-ordination mechanisms between companies 
become more structural. These couplings suggest that over time groups of firms become 
embedded in patterns of behaviour that are difficult to change. This seriously impedes 
their potential to continuously adapt towards sustainable development” (Boons and 
Berends, 2001: 115). Networks, such as in industrial ecology, are deemed crucial for 
advance towards sustainability as they are able to provide adaptability (e.g., continuous 
rethinking of goals, strategies and implementation), diversity as a learning potential (as the 
presence of multiple perspectives increases the likelihood of higher-order learning 
occurring), and enable the exchange of tacit knowledge. One focus is on the 
organisational mode of networks and its relation to the type of innovation that is likely to 
be generated. Loose coupling within networks promotes radical innovation through its 
diversity and adaptability, but is less conducive to the exchange of tacit knowledge 
necessary to realize its learning potential, while tight coupling is more conducive to the 
exchange of tacit knowledge but favours incrementalism (Boons and Berends, 2001).  
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3.  University of Utrecht 

Research group: Copernicus Institute for Sustainable Development and Innovation 

Research group details  
This is a research group which focuses on policy, innovation and systems change from a 
sustainable perspective. The institute, founded in 2001, consists of researchers from 
various departments at Utrecht. The group has been active in several research projects 
that deal with issues of system change and especially the transition to a more sustainable 
energy system, with projects in the areas of both electricity and transport. Increasing our 
understanding of processes of system change is one of the objectives of the institute, which 
views multi- or transdisciplinary research as necessary to gain this understanding.  

The group is especially well rooted in energy research, with Professor Wim 
Turkenburg, a well-known energy expert, as the scientific director, and Kornelis Blok, 
professor of Science, Technology and Society with extensive experience in the field of 
energy efficiency improvement and clean energy production, including renewable energy, 
as a prominent member of the group. Blok has carried out studies into improving the 
efficiency of industrial energy consumption, combined generation of heat and power, 
emission reduction in power plants and optimisation of autonomous energy supply 
systems, including wind and solar energy. In addition to his appointment at Utrecht, 
Kornelis Blok is scientific director of Ecofys Energy and Environment (120 employees). 
This company is involved in research, consultancy, product development and project 
development in the areas of renewable energy and energy efficiency improvement. The 
policy node of the institute is well covered by Professor Pieter Glasbergen, who has 
published extensively on co-operative governance and also focuses on the steering 
strategies for transitions to sustainable development. Ruud Smits is professor of 
technology and innovation, and his research focuses on changes in innovation systems 
that are triggered by societal change and particularly on the (changing) role of users in 
innovation processes.  

Some main members 
Prof. K. Blok (energy expert) 
Prof. W. Turkenburg (energy expert) 
Prof. R. Smits (innovation expert) 
Prof. P. Glasbergen (policy expert) 
Dr. A. Faay (energy expert, especially biomass for the energy system) 
Dr. M. Hekkert (energy expert) 

Key projects 
1) Quantified Backcasting: methodological design of transition strategies in the area of 

sustainable transportation chains. Project leader: Professor R. Smits. 

The central theme of this project is to investigate how insights from innovation, combined 
with energy studies, can help to improve and develop backcasting by quantifying the 
influence of key technologies and by incorporating the concept of innovation systems. 
Effective transition management should comprise both the specific technologies that are 
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crucial for specific transition processes and a functional and effective innovation system in 
order to stimulate effective production and diffusion of a broad range and coherent set of 
new technologies which combined result in the desired systems.  

The main goal of the project is to develop and apply an improved methodology well 
suited for the design and implementation of complex technological systems with a long 
planning horizon (the year 2050). In this project, the methodology will be applied to a 
complex and actual case: 'reduction of greenhouse gases (GHG) in the transportation 
sector through GHG-neutral energy carriers'. This case involves many new technologies, 
from production of fuels to end-use technologies, as well as the involvement of a wide 
diversity of different key actors. It is directly linked to real policy programmes in practice 
(such as the GAVE programme and the new EC directive on biofuels) aimed for 
demonstration and further market introduction of complete chains.  

The method consists of three pillars: 1. Detailed technological systems analysis to study 
the influence of key technologies on the transition trajectories and future images; 2. 
Analysis of innovation systems to determine weak and strong points in the technology 
production and diffusion system that is related to the transition trajectories; and 3. 
Development of policy strategies.  

 

2) Dealing with Uncertainties in the Transition to a Sustainable Energy Infrastructure: 
An Integrative Approach (Collaborative project by TU Delft, University of Utrecht) 

The total energy system is undergoing continuous change. Supply options (renewables, 
intermittant sources, clean fossil options with CO2 removal and storage) emerge and are 
developed at the cost of other options. Energy use is growing (especially electricity and 
transport fuels) and influenced by  the growth and decline of various economic sectors. 
The energy infrastructure (merging electricity, heat, gas, fuel supply and demand, including 
storage) is a fundamental element of the total energy system. Essential (policy) objectives 
for the longer term set new standards and requirements for the (national) energy 
infrastructure system. The energy infrastructure is typically a 'slow and inert' component 
of the energy system. Modifications require massive investments and once choices are 
made, an energy infrastructure is in place for decades, possibly resulting in lock-in 
situations for the longer term.  

Due to the large number of factors that influence the choice and preference for a 
particular set-up of the energy infrastructure, the planning and development strategy over 
a long period time is a very complex matter. Various uncertainties affect the planning and 
development of an energy infrastructure over time: contextual uncertainties (e.g., the 
development of energy prices and energy demand patterns), the very different systems that 
could be envisaged on longer term (e.g., gas dominated, electricity dominated, distributed 
vs. centralised generation concepts), the very different trajectories towards developing a 
new or revised infrastructure, and the decisions underway that can affect the flexibility for 
change over time, as well as technological developments per se. In addition, the sector has 
been undergoing rapid institutional change (privatisation, liberalisation, upscaling, 
internationalisation), introducing new and uncertain future contexts for stakeholders. In 
present practice, many of these uncertainties are often ignored, or at best accepted but not 
dealt with in a conscious and systematic manner. As a result, the infrastructure 
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development may very well inhibit rather than facilitate long-term transitions to more 
sustainable energy systems.  

The project develops and tests a systematic and integrative methodology that first 
identifies different uncertainties (technical, economic, institutional and behavioural) 
relating to knowledge about developments in the infrastructure system itself, in its 
surroundings, and in the values and perceptions guiding decision-making processes and 
stakeholder behaviour. Second, the methodology is used to analyse and assess the relative 
importance of the various uncertainties. Third, strategies are developed and tested to deal 
with these uncertainties, acknowledging that a significant part of the uncertainties cannot 
easily be eliminated and that policy and management strategies need to be developed 
explicitly to take this into account.  

Key publications 
Smits R. (2002) Innovation studies in the 21st century: Questions from a user’s perspective, 

Technological Forecasting and Social Change 69: 861-883. 

Smits, R. and S. Kuhlmann (2003) The rise of systemic instruments in innovation policy, Paper 
presented at the conference ‘knowledge and economic and social change: new challenges to 
innovation studies, University of Mancester, April. 

Luiten, E. (2001) Beyond energy efficiency, Actors, networks and government 
intervention in the development of industrial process technologies, PhD Thesis 
University of Utrecht, available at http://www.chem.uu.nl/nws/www/publica/e2001-14.htm 

Luiten, E., K. Blok (2003) The success of a simple network in developing an innovative energy-
efficient technology, Energy, 28: 361-391. 

Lente, H. van, M. Hekkert, B. Van Waveren, R. Smits (2002) Roles of strategic intermediaries in 
transition processes, Paper for workshop Transitions to Sustainability through Systems 
Innovations, University of Twente, July, 2002. 

Analytical Approach 
In her doctoral dissertation, Luiten (2001) uses an analytical framework based on 
approaches from technology studies. She conceptualises technological development as a 
social process in which artefacts, actors and agenda are constructed and interact. She uses 
this so-called triangle of technological development as a heuristic tool to understand 
technological development. The actors interact on the basis of their specific resources and 
capacities. They make statements and claims, apply for patents, produce and 
communicate R&D results, prototypes, and other types of artefacts. This social process in 
which technologies are shaped is guided by elements that orient actors by giving priority 
and direction to their R&D activities (Luiten, 2001: 45). In her framework (see table on 
next page) networks of actors are key features, and she distinguishes a micro-level of 
activities (the micro-networks) and a meso-level, which includes the entire constellation 
of actors working to develop a specific technology. The total set of micro-networks is 
defined as the technology network. A micro-network consists of one actor or a small 
group of actors who co-operate in developing a specific industrial energy-efficient 
technology. They co-operate on the basis of specific skills or financial resources, they 
perform R&D activities, test materials and build prototypes, etc. The actors in the micro-
networks learn from their own R&D results and from each other’s experience, but they 
also tend to look at what other micro-networks are doing. The innovative technology, or a 
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specific version of the innovative technology, materialises within the micro-networks. The 
actors are embedded in a context, also called the innovation background, which 
influences their ideas and perceptions of what is believed to be an interesting direction for 
progress. It also guides their R&D agendas. Elements in the innovation background are 
for instance the market in which the firms operate, existing business relationships within 
and between industrial sectors, and sector developments (Luiten, 2001: 49). 

Through her analysis of several cases in the development of energy-efficient process 
technologies, Luiten closely follows the development of a technology as it is initially 
carried out by one or a limited number of actors and gradually developed in a number of 
micro-networks. The cases she presents deal with the introduction of shoe press 
technology and impulse technology in the pulp and paper sector, and strip casting 
technology and smelting reduction technology in the iron and steel sector.  

 
Analytical framework (Luiten, 2001: 50 and Luiten & Blok, 2003: 364) 

Research foci Triangle Underlying questions 

 

Technology 

network 

How does the collective 
network of the micro-
networks develop? 

1. What is the composition of the technology network? 

How many micro-networks can be distinguished? What is their 
geographic distribution? 

2. What are the links between micro-networks? To what extent 
and how often do micro-networks exchange 

knowledge/information? 

3. Are there dominant micro-networks?  

Micro- 

network 

Who are the actors 
involved and what is 
their agenda? 

1. How are the various micro-networks made up? Who and 

what type of actors are involved? 

2. What motivates actors to start and / or stop R&D activities? 

3. How much money is spent and by whom? 

4. What important decisions are made with regard to the direction 
of the technological development? 

 

Materialisatio
n of the 

technology 

What are the results of 
the R&D activities 
undertaken? 

1. What is the rate of development and what steps in up- 

scaling can be distinguished? 

2. What are the perceived performance characteristics of the 
technology (including the technological 

interrelatedness with the existing technological system)? 

Government What was the effect of 

government 
intervention? 

On the basis of the description and analysis of the technology case 
study, the role and effect of government intervention can be 
evaluated specifically with regard to: 

• additionality 

• acceleration 

• effectiveness 
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Some of the main conclusions presented by Luiten (2001: 268-270) are as follows: 
Developing energy-efficient process technologies takes time. Considerable time passed  

– from decades to more than a hundred years – before the innovative technologies in 
question were supported by a robust technology network. A combination of factors and 
mutual reinforcement were needed for the technology network to emerge. Four factors 
can explain why shifts occur at a certain moment in time. A first factor is that actors 
recognise the economic advantage of the innovative technology. This factor is critical, 
though it is no guarantee in itself. A second and very important factor is the technical 
requirement or the match with the existing production process. All four innovative 
technologies were closely linked to the conventional sequence of process technologies. A 
third factor is progress in R&D and, finally, contingent elements may play a role. The shift 
typically extends over a few years in which actors acknowledge that the innovative 
technology may be an interesting ‘next-step-to-take’. Once a technology network emerges, 
two or three steps in up-scaling the technology have to be taken to prove to the 
manufacturing industry that a technology is feasible. Each step takes at least five years. For 
two or three up-scaling steps, a time period of 10 to 20 years is not exceptional. 

Luiten introduces the concept of momentum as characteristic of a technology network. 
A technology network has considerable momentum when it causes observers to 

assume that the technology is materialising autonomously. Differences in momentum 
could be detected in the four technology networks in question. The momentum of a 
technology network reflects the confidence of actors in the development of that particular 
technology. Actors must not lose confidence in the future prospects for the innovative 
technology. It is crucial for the maintenance of momentum that the actors are reassured 
about the benefits of being involved in the first place. The materialisation of the 
technology, R&D results, claims of success, major difficulties and failures all affect the 
actors’ confidence in the future prospects for the technology. 

The role of government was insignificant during the exploration stage of developing the 
four technologies. However, government policies contributed to the emergence of 
technology networks in some case studies. The effect of regulation was too small to 
initiate the large-scale and complex R&D efforts needed for developing industrial process 
technologies. Nevertheless, it provided researchers within a firm with an additional reason 
for creating ‘in-house’ support. Firms which had a direct agreement with government 
showed a degree of commitment. Agreements regarding energy-efficiency R&D may be an 
interesting way for governments to intervene. Stimulating co-operative R&D was 
additional in most multi-actor micro-networks, although it did not accelerate technology 
development. Actors involved in such co-operative R&D projects (in most micro-
networks competitive manufacturers) did not intend to commercialise the technology. 
Stimulating co-operation was most effective in pre-competitive R&D; at this stage, the 
actors’ stake was to learn in interaction with other competent actors. The value of 
stimulating or insisting on co-operation depended on the stage of a technology’s 
development and on the mutual interests and stakes of the participating actors.  
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4.  TNO Apeldoorn (Netherlands Organisation for Applied Scientific 
Research) 

Research group: Institute for Strategy, Technology and Policy (TNO-STB) 

Some main members 
Dr. A. Tukker 
Dr. M. Butter 

Key projects 
1) Technological innovations for environment and economy. A research project by 

TNO-STB carried out within the framework of the fourth National Environmental 
Policy Plan, with its main focus on the role government can play to stimulate system 
innovation. 

Key publications 
Butter M. & Van Hoorn T. & Tukker A. (2000), Van duizend bloemen naar één boeket, 

Technologische innovaties voor milieu en economie (From a thousand flowers to a single 
bouquet, Technological innovations for environment and economy), TNO-STB, Delft. 

Butter, M. (2002) A three layer policy approach for system innovations, paper, TNO-STB, Delft. 

Weterings, R., Kuijper, J., Smeets, E., Annokkée, G.J., and Minne, B. (1997), 81 mogelijkheden voor 
duurzame ontwikkeling (81 opportunities for sustainable development), Ministerie VROM, Den 
Haag. 

Analytical Approach 
In several recent publications this group has focused on system innovations by using the 
concepts of niche, regime and landscape in a way similar to that of the Merit-Eindhoven-
Twente group (Butter et al., 2000; Butter, 2002). They have defined ‘green system 
innovations’ as follows:  

− Functional changes with a leap in eco-efficiency: system innovations are focused on the 
development of new ways to fulfil a social need (e.g., transport, recreation, housing) and 
yield a leap in eco-efficiency; 

− Constellation of innovations: system innovations are a cluster of aligned individual 
innovations, comprising technological, institutional (laws, regulation, values, traditions) and 
organisational (procedures, networks) changes; 

− Multi-actor process: system innovations are the result of the combined effort of a large 
number of (independent) economic actors, which are connected to each other along and 
across the value chain; 

− New guiding principles and set of goals: a system innovation results in new heuristics, goals, 
experiences and interests on the part of the actors;  

− Long-term changes on the micro and meso level: system innovations will lead to changes in 
organisations and regimes and will be long-term processes of change. 

Interesting points made by Butter et al. include their interpretation of system innovations 
that take place through the alignment of several individual technological innovations 
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combined with institutional and organisational changes. These separate innovations can 
take place in a single organisation within the regime. Based on this analysis they develop a 
three-layer policy for system innovations:   

− Layer 1. System innovations: the stimulation and alignment of individual innovations that 
will contribute to the system innovation. 

− Layer 2. Individual innovations: the development, dissemination and adoption of separate 
innovations in individual organisations.  

− Layer 3. Innovation climate: the creation of a supporting generic climate for sustainable 
innovations. 

All three layers are essential elements in a policy for system innovations. A focus on 
individual innovations may fail to achieve system innovation, as the innovations may be 
used in a conservative way to improve an existing system. Change in the innovation 
climate may be necessary for ‘greasing the wheels’ of environmentally beneficial change 
through innovation. 

Relevance for CondEcol 
The thesis of this group, that system innovation takes place through the alignment of 
several individual technological innovations combined with institutional and 
organisational changes, is not backed by an appropriate theoretical or empirical 
framework. Thus these questions remain:  

− Which characteristics and what circumstances must pertain if certain combinations of 
individual innovations are to lead to system innovations?  

− Is there a sequence (e.g., niche cumulation in the terminology of Geels, Kemp, and others), 
or do these innovations develop in parallel?  

− What kind of institutional and organisational changes are necessary, and how are these 
triggered? 

− How do the technological, institutional and organisational changes interact; does one 
prelude the other, to what extent can they emerge intentionally, etc.? 

82 



5.  Agricultural University of Wageningen 

Research group: Environmental Policy Group 

Some main members 
Prof. A.P.J. Mol 
Prof. G. Spaargaren 
Dr. B. van Vliet 

Research directions/ key projects 
1. The ecological modernisation of production and consumption cycles 

This research theme concentrates on the further development of the theory of ecological 
modernisation of production and consumption, its application in distinct spheres, and the 
social practices of production-consumption cycles. The social-theoretical part of this 
theme relates ecological modernisation theory to general sociological theories on 
modernisation, globalisation and consumption. These general sociological theories are 
extended particularly via the notions of ecological rationality and the differentiation of an 
ecological sphere. On a more empirical level, studies are carried out on the industrial 
transformation of different economic sectors in various countries (industrialised OECD, 
Central and East European and developing countries), on environmental management in 
industries and its consequences for organised employees, on changes in technological 
trajectories, and on questions of state intervention in ecological reform. 

 

2. Sustainable lifestyles and patterns of consumption 

Environmental policies have been mostly oriented to institutional actors and agencies 
within the industrial sectors of society. Consequently, there has been a lack of attention 
paid to the role of citizen-consumers and the way they 'handle' environmental issues in 
their daily lives. This research theme is aimed at developing an alternative – on both the 
theoretical and the empirical level – to the attitude-behaviour paradigm which dominated 
environmental sociology and consumer-oriented environmental policy for so many years. 
Within the so-called 'contextual approach', social practices and the lifestyles people attach 
to them are analysed in such a way as to give proper attention to the interrelation between 
action and structure. The routine character of daily life is emphasised. When putting this 
new approach to environmental behaviour into practice, research projects are conducted 
which can illustrate the 'structural embeddedness' of the environmental routines that 
govern our daily lives. The domestic consumption and handling of water, waste, energy 
and a range of other services provided by actors in the utility sectors of society are the 
central focus of the empirical projects under this research theme. The process of the 
ecological modernisation of the sociotechnical systems that are involved in (domestic) 
environmental consumption is explored from different angles in an attempt to find 
answers to various questions, such as: 

− what kinds of relationships exist between the complexity and scale of the technical systems 
on the one hand and their environmental effects and performance on the other. Is 'small' 
still 'beautiful' and how do we decide about these issues? 
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− in what way can the interplay between 'technology' and 'organisation' best be 
conceptualised in the context of domestic consumption. Do we envisage more sustainable 
energy-, waste-, and water-systems in terms of technical systems that operate 'behind the 
back' of the citizen-consumer? Or do we have to conceive of sustainable domestic 
consumption in terms of new 'actor-based' or 'actor-dependent' systems in which technical 
expertise intermingles with lay knowledge and local factors? 

Key publications 
Mol, Arthur P.J. (1995) The Refinement of Production, Ecological Modernization Theory and the 

Chemical Industry, Van Arkel, Utrecht. (also PhD Thesis University of Amsterdam). 

Spaargaren G.  (1997) The Ecological Modernization of Production and Consumption. Essays in 
Environmental Sociology, PhD Thesis, Wageningen University, Wageningen.  

Mol, A.P.J. and D.A. Sonnenfeld (2000) Ecological Modernisation Around the World, An 
Introduction, Environmental Politics, Vol. 9, 1, 3-14. 

Spaargaren G., and B. van Vliet (2000) Lifestyles, Consumption and the Environment: The 
Ecological Modernization of Domestic Consumption, Environmental Politics, 9 (1): 50-76. 

Mol, A.P.J. (2001) Globalization and Environmental reform. The ecological mod-ernization of the 
global economy, MIT, Cambridge. 

Mol, A.P.J. and F.H. Buttel (eds) (2002) The Environmental State under Pressure, 

Elsevier/JAI, London. 

Van Vliet, B. (2002) Greening the Grid, The Ecological Modernisation of Network-bound Systems, 
PhD Thesis, Wageningen University, Wageningen. 

Analytical Approach 
This group, and particularly Professor Mol, has been quite influential in developing and 
spreading ecological modernisation theory. Ecological modernisation theory is concerned 
with how contemporary industrialised societies deal with environmental crises (Mol and 
Sonnenfeld, 2000). It proposes that environmental reform of the modern organisation of 
production and consumption can shape a path towards sustainable development. 
Ecological modernisation theory advances the idea that collaboration between key actors 
such as government, industry, reform-oriented environmentalists, and science, can 
generate win-win outcomes of economic development and environmental improvement. 
This takes place through a process of institutionalising ecology in the social practices and 
institutions of production and consumption, implying new ‘rules of the game’ for the 
social organisation of production and consumption (Mol, 1995: 29; Van Vliet 2002: 14). It 
is precisely the analysis of these institutional change processes or changing ‘rules of the 
game’ that makes this approach relevant for the CondEcol project. To assess the research 
methods and approaches used I will discuss two doctoral theses written by members of 
this group, Arthur Mol (1995) and Bas Van Vliet (2002).  

Mol (1995) analyses environment-induced institutional transformations in the Dutch 
chemical industry. He evaluates six hypotheses1 central to ecological modernisation 

                                               
1 The formulation of the basic premises or central theorems of ecological modernisation theory in six sensitising 
‘hypotheses’ on the institutional developments in modern society from the early 1980s onward (Mol, 1995: 58): 
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theory in order to investigate the explanatory potential of the theory. Basically these 
hypotheses state that ecological considerations are becoming increasingly integrated into 
the economic, political and societal sphere. Thus in modern society the ecological sphere 
is gaining more independence, emancipation and empowerment (Mol, 1995: 63).  

The analytical model Mol uses is the so-called triad-network approach. According to 
Mol this approach is useful for analysing meso-level transformations (economic sectors), 
which is the most appropriate level for understanding changes in production-
consumption systems2. Moreover, the networks in the approach can be directly related to 
the basic tenets of ecological modernisation theory as they represent the economic, 
political and societal sphere. He distinguishes three interdependent networks: the policy 
network, the economic network, and the societal network. Each network has its own 
restricted number of interacting actors (labelled core and peripheral actors) and its own 
distinctive institutional arrangements.  

For the policy network Mol focuses on four dimensions: 1) the rules of the game; 2) 
the different resources used; 3) the strategies between industry and government, and 4) 
the appreciative systems.  

Rules of the game govern the way interactions take place (e.g., from few contacts, 
diverging interests and a confrontational nature to regular consultation, mutual trust and 
respecting each other’s interests and confidences with less use of legal remedies in the 
case of one industrial branch) and reveal the level of openness in the network (in terms of 
both actors and issues). With regard to resources Mol pays attention to the distribution 
and use of legal resources (authority), economic and financial resources, and 
informational resources. Strategies can include insulation (keeping government away), 
penetration (e.g., industry penetrates government to safeguard its own interests), mutual 
adaptation, and interorganisational concertation (co-operation through mutual 
understanding of each other’s position and interests). Appreciative systems concern the 
dominant ideology or world view in the policy network that promotes and legitimises 
specific action strategies (or solutions) (Mol 1995, 71). 

For the economic networks, Mol – inspired by the industrial network approach – 
analyses in what way and to what extent interactions (vertical, horizontal and other) 
between constituents of industrial networks remained the same or were transformed in 
confrontation with the stronger emergence of environmental issues in industrial societies 
(Mol, 1995: 77). His focus is on the distribution of and shifts in power and resources, and 

                                                                                                                                         
1) “the design, performance and evaluation of production and consumption processes are increasingly based on 
ecological criteria, besides economic criteria, among others; 2) modern science and technology play a pivotal 
role in these ecology-induced transformations, which are no longer limited to the introduction of add-on 
technologies or process-integrated adaptations, but include changes in product chains, technical systems and 
economic sectors/cluster; 3) private economic actors and economic and market mechanisms play an 
increasingly important role in processes of ecological restructuring, while the role of state agencies changes 
from bureaucratic, top-down dirigism to ‘negotiated rulemaking’ and the creation of favourable conditions for 
such transformation processes; 4) environmental NGOs change their ideology, and expand their traditional 
strategy from keeping the environment on the public and political agendas toward participation in direct 
negotiations with economic agents and state representatives close to the centre of the decision-making process, 
and the development of concrete proposals for environmental reform; 5) this process of ecological restructuring 
is becoming increasingly interdependent with processes of globalization in the political and economic 
dimension and will therefore not remain confined to one nation-state; 6) alternative de-industrialization 
initiatives for limiting ecological deterioration are applied only to a marginal extent due to limited economic 
feasibility and poor ideological and political support, among other factors”. 
2 According to Mol (1995: 62) analysis at the micro level may miss inter-firm changes and sectoral changes, 
while the macro-level would abstract from relevant environment-induced inter-firm transformations by putting 
too much emphasis on the net national effect.  
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on formal and informal rules as structuring principles.  Formal rules are economic rules 
regulating for example profits, ownership, patents, liability, planning, and investment 
decisions. Equally relevant are informal rules governing trust, negotiations, cooperation, 
etc. Rules can change due to environmental considerations, for instance if the 
environmental quality of products becomes part of the demand structure, by extending 
liability to include environmental liability, or by taking environmental management 
standards into account when judging good entrepreneurship (Mol, 1995: 78).   

The societal networks depict the relations between industry and civil society. Examples 
of organisations in the societal network are labour organisations, consumer organisations, 
environmental organisations and local citizens groups. The focus is on how interactions 
are shaped (direct / indirect interaction) and changing. Further focus is on the rules and 
resources applied in societal networks that primarily centre around legitimisation and the 
signification of industries’ production and products. Ecological modernisation theory 
hypothesises strategies and ideologies of environmental organisation developing towards 
more direct interactions with industry and support for environmentally progressive 
entrepreneurs, while challenging the laggards. Industry will increase negotiations and 
private agreements with environmental NGOs on environmental reform (Mol, 1995: 83).  

Van Vliet (2002) analyses environment-induced change in network-bound systems of 
provision and consumption, with case studies of electricity and water provision. His focus 
is on social practices and the role of citizen-consumers in order to gain insight into the 
relationship between action and structure, inspired by Giddens’ structuration theory. The 
concept of duality of structure is seminal, where on the one hand actors are ‘forced’ to 
draw on existing rules and resources in their actions and structures are thus media 
enabling human actions, while on the other hand these structures are confirmed and 
reinforced by human action, and are thus an outcome of such action as well (Van Vliet 
2002: 12). Conceptually he presents this in the following model: 

 
Analysis of strategic conduct       institutional analysis 
 
Actor / Agent    Human Action    Social Practices     Structures 
                   
 

In his thesis Van Vliet explores the social practices of consumers both from the analysis of 
strategic conduct and through institutional analysis. This is relevant as the role of citizen-
consumers is, according to Van Vliet, underrated in the study of technological change. 
Based on assumptions derived from ecological modernisation theory he analyses several 
case studies of monitoring and differentiation as an expression of environment-induced 
change in network-bound systems, particularly the way in which consumption is 
connected to modes of provision. The duality of structure is especially visible through the 
focus on systems of provision, which connects modes of production to modes of 
consumption. Consumption practices are partly shaped (or constrained) by the systems of 
provision enabling them. User routines are shaped by the technological system, but this 
does not imply that user preferences are fixed, only that it is very difficult to change them 
as they are interwoven within the system. Thus the central station electricity system3 with 
                                               
3 Electricity generation in a number of central, often large-scale, production facilities and transmission and 
distribution through an extensive infrastructure to users.  
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monopolistic organisation has shaped captive, passive consumers. Van Vliet stresses the 
significance of electricity relying on an expert system, where a shift to another system 
cannot take place because of sunk costs and the perceived impossibility and inefficiency 
of such a shift by the dominant actors. Using water and energy is a daily routine; only 
through an interruption of routines (power failure or removal or a home reconstruction 
project) does our discursive awareness awaken (awareness of the skills necessary to 
uphold the system, linkages, power relationships). This discursive awareness can also be 
directed to the environmental impacts that characterise the present make-up of the 
system. The success of green electricity in the Netherlands, for example, suggests that 
groups of consumers can change their routines to some extent if the mode of provision 
enables this and they acquire sufficient motivation and information. According to Van 
Vliet, drawing attention to both environmental impacts and the structures that uphold 
them is a mechanism to open up the system for change. Van Vliet argues that 
“environmental monitoring can increase the visibility of systems of provision to its users, 
and thereby lower the threshold for environmental renewal” (2002: 131). Also important 
here is the symbolic dimension of consumption as an expression of culture:  people use 
goods and services to relate to other people or groups. He further concludes that 
“environmental differentiation is a second core issue because it inherently marks a 
transition from uniform provision in network-bound systems towards dispersed, pluralist 
modes of provision. Such a transition is a prerequisite for the development of those 
environmental innovations that do not fit in the technological trajectories that 
characterise the phase of uniform provision” (2002: 131). Examples are identical 
technologies which represent different levels of autonomy for consumers relative to energy 
and technology providers (e.g., PV panels on your roof owned by an energy company, 
leased by an energy company, or owned by the house-owner with different options for 
electricity production). 

Some core issues which Van Vliet does not address but which are fundamental to 
more radical change processes and the CondEcol project include: 

− How do changes in mode of provision come about? 

− How do changes in consumption routines and social practices come about, and why 
specifically in certain forms, related to (changes in) mode of provision, constellation of 
networks, local/national modes of regulation, experimentation, R&D subsidies, local 
environmental awareness etc.? 
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6.  ECN (Energy Research Centre of the Netherlands) Petten 

Research group: Policy Studies Group 
 

The ECN is the main energy research organisation in the Netherlands, involved in both 
basic technological energy research and more policy-oriented energy research. This centre 
has played an important role in the development of most of the energy technologies in use 
in the Netherlands. The research group, which provides data on energy related 
developments and develops scenarios regarding energy demand, supply and related 
emissions, also produces an annual energy report with information on main trends in the 
market, technology and regulatory areas. Developing scenarios is one of the core activities 
of the policy studies unit (around 40 persons), with around 10 to 15 persons more or less 
continuously involved in this activity. The primary focus at the ECN is on energy 
technologies; the focus on energy policy is much smaller but has increased during the last 
decade. The ECN has developed several blueprints for a less carbon-intensive energy 
system. These are often based on the state of the art of current energy technologies and on 
assumptions with regard to their learning curves, modelled together with various 
developments in for example energy prices. The ECN often plays a role in producing 
various policy documents by providing quantitative input. 

Main member 
Dr. G.J. Schaeffer (head, Transition and Innovation group) 

Key publications 
Hilten, O. van, et al. (2000) Energietechnologie in het spanningsveld tussen klimaatbeleid en 

liberalisering (Energy technology in the tension between climate policy and liberalisation). 

Jolivet, E., P. Laredo, E. Shove (2002) Managing breakthrough innovations: the SOCROBUST 
methodology, Ecole des Mines, Paris, France. 

Schaeffer, G.J. (1998) Fuel cells for the Future, Ph.D Thesis, University of Twente. 

Socrobust (2002) Final Report of the Socrobust project: Management tools and a management 
framework for assessing the potential long term science and technology options to become 
embedded in society, Project coordinator, Prof. P. Laredo, CSI/Armines, Paris, Project within 
the TSER programme of the EU. Project partners (among others): University of Twente (Prof. A. 
Rip); ECN (Dr. G-J. Schaeffer).   

Analytical Approach 
With the growing demand for understanding and exploring systems change, the ECN is 
increasingly looking for approaches that better take into account the complex nature of 
system innovation. In several reports this group has focused on actors, their strategies and 
expectations, in order to gain insight into the prevalent perceptions regarding a 
changeover towards several promising energy technologies in different infrastructure 
settings.   

Recently the ECN published a report called ‘Energy technology in the tension between 
climate policy and liberalisation’ (Van Hilten et al., 2000). This report explores three 
energy blueprints for fifty years from now:, an all-electric society, an all-hydrogen society, 
and an extension of the existing infrastructure. The report lists all available energy 
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technologies and establishes their potential role in the various blueprints. An interesting 
aspect of the report is its focus on the strategies of various actors in the energy field. It 
assesses how strategies of these actors relate to the various blueprints. The actors include 
electricity producers, distributors, government and societal organisations. Interviews have 
been conducted and act as a sort of expert judgement for the probability and feasibility of 
the various blueprints. These actors have also judged the importance of various individual 
energy technologies in the future. Societal organisations such as environmental NGOs, 
consumer organisations, branch associations etc. are also considered in their role of 
facilitating or obstructing transitions towards the various energy blueprints. For the ECN 
this report is innovative because it stresses the importance of actors’ strategies and of 
various societal aspects in the future development of the energy system.  

In another project the ECN contributed to a more specific approach on how to assess 
the potential for projects that are defined as radical or architectural innovations. 
Socrobust is an acronym for societal robustness, and this project focuses on the 
management of breakthrough innovations to become embedded in society. In this project 
the theoretical considerations of sociotechnical change are a point of departure for 
understanding the embedding of technology in society. The University of Twente (Prof. A. 
Rip) was a major (theoretically- and methodologically-oriented) partner in this project, 
while ECN provided a case study (on micro combined heat and power systems). The 
ECN researcher involved (Gerrit-Jan Schaeffer) earned his PhD at the University of 
Twente under the supervision of Arie Rip and is quite familiar with the theoretical 
background. Its rationale is that innovations of a radical or breakthrough type cannot be 
managed in the same way as incremental innovations. “Some analysts (e.g., Colarelli 
O’Connor, 1998) go so far as to say that “sound management practices for the 
development of incremental improvements may well be detrimental to the development of 
discontinuous, breakthrough innovation” (Socrobust, 2002: 7). The main objective of the 
project is to develop a methodology that helps managers assess the capacity of a project 
(focused on breakthrough, radical or architectural innovation) to find its way in society. 
This tool can then be applied to evaluate projects that concern breakthrough technology 
until these projects have generated enough learning and the technology has matured 
enough to become part of the conventional evaluating procedures (e.g., return on 
investment calculations and cost-benefit analysis). One fundamental insight this project 
departs from, based on the actor network theory developed by Callon and Latour, is that a 
new technology already has inscribed in it a vision of the world in which it would work (a 
so-called ‘script of the future’, see also de Laat, 1996). Thus a fundamental part of the 
project is focused not only on whether the technology functions, but also on whether the 
world (or sociotechnical configuration) in which the technology would work is also likely 
to unfold, or whether in the process of shaping the innovation it is also possible to shape 
the social configuration in which it can function. Thus the progress of a project is 
evaluated not merely in technical and economic terms but also in social terms, such as the 
way certain controversies are solved, acceptance is gained, and actors gain belief in its 
promise, and as expectations become more specified and articulated. This is where the 
term societal robustness comes from: is this technology societally robust enough to 
become embedded within society?   
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In this project, ten tools for the management of breakthrough innovations, which are 
instructive for the CondEcol project, are developed. A short description of each tool is 
provided here based on Jolivet et al. (2002) and Socrobust (2002).     

 
The starting point (project narrative tool 1) is to write a convincing presentation of the 

project for a non-specialist audience (e.g., a couple of pages). Based on this the next tool 
(critical moments table, tool 2) is to identify turning points, i.e., points where one route is 
taken, leaving aside other possible paths. It is clear from the innovation literature how 
crucial these branching moments can be, and often at a very early stage in the process. 
The objective of the critical moments table is to characterise each of these branching 
moments. It helps project managers to be sensitive to the paths not taken and to monitor 
“irreversibilities” created along the way. 

A further step is to develop a map showing which actors are involved, where they are 
positioned, how they relate to each other and which intermediaries bind them together. 
This provides a first visualisation of the present network (tool 3) and the raw material for 
a first table of critical actors (tool 4). This first mapping helps in identifying the richness 
and heterogeneity of the network and the nature and durability of the actors’ involvement. 
It also reveals the existence of other actors located at the different poles (Jolivet et al. use 
the concept of techno-economic networks with a science pole, regulatory pole, industry 
pole and user pole) and pursuing similar goals (either as competitors with “similar” 
interests in market shaping, or representing anti-programmes proposing different avenues 
and approaches to market shaping). In addition, it helps identify “blanks” or poles so 
weak or so generically developed that no “spokespersons” of interest for the project can 
be identified.  

This allows for a description of the composition of the future network (tool 5), i.e., the 
future network as it would be, should the project succeed. This future-oriented exercise 
helps to identify new critical actors who should be enrolled and aligned, and it provides a 
point of reference for further discussion about relevant spokespersons to involve and/or 
relevant actions to undertake in order to better identify competing views and approaches 
(in which these actors are often already involved).  

In order to complement this company-centred view of the description of the future 
network a broader view of the market at large needs to be taken into account. This 
implies a description of the future working world (tool 6) in order to better assess the 
extent of necessary or assumed changes. Project managers are urged to follow three main 
directions. The first is classic but nevertheless difficult: re-assessing their views of the users’ 
needs, preferences and their related competences. The second direction is to consider 
changes in the market infrastructure (whether the physical infrastructure or the intangible 
one of norms, standards, rules, and codes of conduct). The third is to enrich the 
description of markets by replacing the classic dual relationship between producer and 
user with a triangular relationship including the role of prescribers (organisations involved 
in the actual sale of products to customers).  It is now possible to compare the present 
state of the network with the hoped-for future working world. This in turn makes it 
possible to identify the “key changes” that will have to take place before this future 
working world exists. However, identification is not enough. Key changes have to be 
characterised more precisely, for example by specifying new practices that will have to 
become taken for granted and present practices that will have to be discarded (with 
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implications for actors likely to represent a source of opposition /compromise). It will also 
be necessary to specify actors outside the project who share similar visions and to look for 
and to detail fora (if any) in which such changes are already being discussed. Key changes 
also have to be considered in terms of how they might be addressed: can they be 
addressed within the present network (what is at stake is then convergence within an 
existing network), or is there a need to enrol new actors to extend the boundaries of the 
present network? And what are the project manager’s views of these options: can the 
project be pro-active, that is can it actively recruit adequate spokespersons and thus shape 
the issue (or at least participate in its shaping)? Or is it only in a position to monitor / 
watch developments made elsewhere, and outside the borders of the project network? In 
which case, the challenge is to remain flexible and adaptable and to have early warning 
especially of negative developments. The key changes thus characterised are encapsulated 
in the key changes table (tool 7).   

This is followed by an external check to assess the probability of the key changes 
(specified above) coming about. It is a check which focuses on issues that have been quite 
precisely identified through the analysis of key changes. The objective is to know, for each 
key change, what can be found through a search for other actors having the same 
approach, for actors proposing other strategies and for studies, debates, and positions 
taken about the transformations (i.e., new “market infrastructures”) required, and hence 
about the direction to take. While this phase is labelled as an external check (tool 8), its 
sole focus is on the critical assumptions made by the project. In checking these 
assumptions, the method makes the following supposition: any anti-programme (i.e., 
alternative innovation) that has taken shape, any competitor that follows similar goals, 
any organised group that positions itself with respect to one of the key changes (and 
uncertainties) will by now be visible on the worldwide web. The external check is thus 
focused on internet searching. Devoting even limited resources to such searches (on 
average between 3 and 5 person days) and using only standard search tools and 
procedures was sufficient to bring to the fore an extensive body of material, much of 
which helped to reshape the project manager’s approach to, and view of, the key changes 
required.  

By assessing the grounding of the project’s key assumptions, the external check helps in 
constructing the central tool of the assessment, which is labelled the project positioning 
table (tool 9). The positioning table sums up where the project stands. It shows whether 
there are other approaches to handling the necessary key changes; it shows where the 
project stands with respect to these alternatives; and, as well as identifying potential allies 
and opponents, it shows the extent to which they have expressed their views and/or 
organised themselves. This provides an overall assessment of the project positioning vis à 
vis the related key changes. The table shows how the project is positioned with respect to 
key changes relating to the main dimensions identified in the following developments: 

− changes in the technological landscape. For breakthrough innovations these are often 
associated with new paradigms or new dominant designs, in other words, with the 
development of new shared knowledge about what the technology can do and how to do it.  

− changes in the legal, administrative and regulatory environment. This includes the above-
mentioned issues about norms and standards, but also ethical issues, issues about the 
environment, and about quality and consumer safety. We were struck, in quite a number of 
the case studies, by the importance given to the effective structuring of markets by public 
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intervention, such as pricing issues for wind energy or priority setting in health, which in 
turn had important economic effects on the potential unfolding of the projects studied.  

− changes in user-producer relationships. This includes all above-mentioned aspects of 
customer preferences, and new knowledge which customers will require to value the 
qualities of the new products proposed and to be in a position to use them.  

The final step of the methodology aims to assess the project’s margins for manoeuver: 
what is the project’s capacity for action with respect to the key changes identified and to 
the positioning to be done? The likelihood that a key change will come about as expected 
relates to the nature and scope of collective agreement. This depends upon the existence 
of a space for debate, a forum where the required reshaping is discussed. The actors that 
make up the forum (thus its hybridity and representativeness), the arguments exchanged, 
the solutions sketched and the actions / directions defined are all ingredients affecting the 
potential robustness of the outcome arrived at. A further element concerns the centrality 
of the project within the forum, that is its capacity to enlist key actors in the forum, to 
ensure that the project’s position is not marginalised and that its goals are internalised by 
relevant groups in the forum. This is arrived at by mobilising the results of the external 
check regarding the robustness of the constructions made or envisaged. These two 
features – to build and influence debate – are represented in the capacity for action table 
(tool 10). The capacity for action table summarises the project manager’s ability to act as a 
“market shaper”. It helps address issues about where, when, with whom, about what and 
how to act next. 
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7.  Free University, Amsterdam (VU) 

Research group: Institute for Environmental Studies (IVM) 

Main member 
Dr. M. Hisschemoller 

Research directions 
The programme unit TOOLS (for Transition) aims at developing and understanding the 
effectiveness of governance strategies for transitions towards sustainability in sectors such 
as climate and energy, agriculture, food, water and nature. The research concentrates on 
three interdependent activities: 

1. Participatory assessments, in which stakeholders from government, business, NGOs and 
science interactively explore and discuss policy options and transition paths. A recent 
example is the National Dialogue Climate OptiOns for the Long term (COOL), completed 
in 2001.  

2. Empirical and conceptual studies to evaluate options for policy intervention, such as the 
current programme ‘Nutrition: Health, safety and environment’ or the current project 
‘Paradigms of governance for a sustainable energy system’.  

3. To develop and evaluate interdisciplinary methods to assist the research activities mentioned 
above. Characteristic for these methods is that they help to articulate and comparatively 
evaluate competing knowledge claims and policy arguments. Methods currently under 
investigation relate to the interactive development of future visions and backcasting, 
repertory policy grid analysis in environmental policy evaluation and the utilisation of 
knowledge in stakeholder dialogue. 

Key publications 
Van de Kerkhof, M., M. Hisschemöller and M. Spanjersberg (2002) Shaping diversity in 

participatory foresight studies. Experiences with interactive backcasting in a stakeholder 
dialogue on long term climate policy in the Netherlands, Greener Management International, 
37: 85-99. 

Hisschemöller, M., M. van de Kerkhof, J.A. Annema, R. Folkert, M. Kok, J. Spakman, A. Faaij, D.J. 
Treffers, D. de Jager, H. Jeeninga, P. Kroon, A. Seebregts, M. Spanjersberg (2002) Climate 
OptiOns for the Long-term (COOL) - National Dialogue, Report for the NOP, Bilthoven.  

Key projects 
1) COOL (Climate OptiOns for the Long term) project - National dialogue (information 

available at http://www.wau.nl/cool/) 

An alternative approach to traditional forecasting and planning methods is backcasting. 
Backcasting is considered innovative as it does not extrapolate current trends and 
developments but takes a possible future image as a starting point for analysis and 
subsequently reasons backwards to the present situation. Backcasting is a relatively simple 
analytical instrument that allows participants to grapple with the diversity between a 
possible future and the problematic present and helps them to identify opportunities for 
radical change. In the case of an unstructured problem such as climate change, 
backcasting becomes more difficult and requires an interactive application involving 
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stakeholders. Interactive backcasting allows participants to shape not only the diversity of 
options between future and present but also the diversity of views and interests of 
stakeholders. These features make interactive backcasting a promising method for 
participatory foresight research. COOL was an integrated assessment project that followed 
a participatory approach to gain useful insights into long-term climate policy in the 
Netherlands. Stakeholders from various sectors of the Dutch economy used the 
interactive backcasting method to explore pathways for implementation of various 
(mainly technological) response options to climate change. In the COOL project, 
interactive backcasting was embedded in an argumentative process in which the 
stakeholders were not asked to fake a consensus but instead to develop reasoned strategic 
choices for the long term. 

 

2) Paradigms of governance for a substainable energy system. Project leader: Dr. M. 
Hisschemöller, Vrije Universiteit Amsterdam. 

Political theories articulate notions about the success or failure of institutional 
arrangements for the transition towards a sustainable energy future. In turn, energy 
technologies have requirements with respect to the institutional arrangements needed for 
their implementation. This project addresses the following question: How can political 
theories, especially theories that in both a normative and an empirical sense reflect upon 
the nature, characteristics and advancement of different kinds of democracies, contribute 
to our understanding of the prospects for a sustainable energy future?  

 

3) PROFETAS: Protein Foods, Environment, Technology And Society (information 
available at http://www.profetas.nl/) 

The current manner in which food is produced and consumed has considerable impacts 
on the environment. This impact is expected to increase in the future due to a growing 
world population and a rise in the consumption of animal products. Growing populations 
of humans and livestock demand an increased production of food crops and feed crops 
and a competitive use of limited available cropland. In addition, the conversion of plant 
protein to animal protein, the cornerstone of meat production, is rather inefficient 
compared to direct human consumption of plant proteins. Because of this inefficiency, the 
growing environmental impacts and the competitive element between food crops and feed 
crops, the protein production and consumption chain offers promising possibilities for 
optimise sustainability. 

PROFETAS focuses on this chain and the prospect of replacing meat in the western-
style diet with plant protein products, the so-called Novel Protein Foods or NPFs. The 
ultimate goal of PROFETAS is to provide a toolbox which will help to facilitate solving 
future problems related to food production and consumption. The programme was 
developed to by a team commissioned with the task of making food production more 
sustainable. Their work is based on the main conclusions of an earlier study on 
sustainable technology development:  

1. To predict products or solutions years in advance is not feasible, and therefore it is better to 
develop a set of tools to facilitate future problem solving.  
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2. Trying to mimic whole meat chops with plant proteins is not attractive to the consumer and 
therefore not feasible. Replacement of meat as a component of ready-made meals and 
snacks seems more likely to be successful. 

3. Innovations have to be acceptable to consumers. 

PROFETAS is based on the hypothesis that a shift in the Western diet from animal to 
plant proteins is: 

1. environmentally more sustainable than present trends 

2. technologically feasible 

3. socially desirable 

These hypotheses are studied in a set of 14 projects in different scientific disciplines from 
the Free University (Dr. H. Aiking), Agricultural University Wageningen and University of 
Twente (Professor Hoppe). To focus the programme and for reasons of efficiency, two 
reference production and consumption chains were devised. The pork chain was selected 
for the common reference meat chain mainly because of the absence of secondary 
products such as milk or eggs. For the plant protein chain the green pea was chosen 
because of its protein content, the ability to cultivate this plant in Western Europe, the 
absence of unwanted substances in the pea and the available expertise.  
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8.  Technical University Delft 

Research group: Design for Sustainability 

Some main members 
Prof. Ph.J. Vergragt  
Prof. H. Brezet 

Key publications 
Brezet, H. and C. van Hemel (1997) Ecodesign: A Promising Approach to Sustainable Production 

and Consumption, UNEP, Paris. 

Green, K. and P. Vergragt (2002) Towards sustainable households: a methodology for developing 
sustainable technological and social innovations, Futures, 34: 381-400. 

Irwin, A., S. Georg, Ph.J. Vergragt (1994) The social management of environmental change, 
Futures, 26, 10: 1023-1046. 

Moors, E.H.M. (2000) Metal Making in Motion – Technology Choices for Sustainable Metals 
Production, PhD Thesis TU Delft, Delft University Press, Delft.  

Partidario, P.J. & Ph.J. Vergragt (2002) Planning of strategic innovation aimed at environmental 
sustainability: actor-networks, scenario acceptance and backcasting analysis within a polymeric 
coating chain, Futures, 34: 841-861. 

Vergragt Ph.J. (1988) The social shaping of industrial innovations, Social Studies of Science, 18: 
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Key projects 
1) Sustainable Technology Development Program 

The Dutch STD programme is a pioneering programme aiming to illustrate the potential 
of sustainable technologies in the long term (time horizon of 30 to 50 years). It was set up 
by five Dutch ministries, with several people from the TU Delft playing key roles in the 
programme (i.e., Prof. L. Jansen was chairman and Prof. Vergragt was deputy director of 
the STD programme). The programme is innovative in the sense that it does not influence 
the management of a specific technology but aims “to influence long term innovation 
contexts in favour of achieving a specific societal goal: sustainability” (Weaver et al., 2000: 
17).  The STD project used a number of approaches to find possible directions for 
innovation, evaluating those options and initiating them:  

− Creating new social networks. Sustainable technology development adopts the view of a 
body of theory called social network analysis, that technologies and innovation processes 
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are characterised by social networks, and that networks are held together, in part, by their 
view of what problems are to be solved. New directions of technology development may be 
launched by developing new shared problem definitions in new social networks. 

− Backcasting. Future visions are developed based on the need “to achieve a factor 10 to 50 
reduction in the claim on eco-capacity” (Weaver et al., 2000: 77). After a future vision is 
developed, backcasting is used to describe a pathway linking this vision back to the present 
day, thus aiming to define actions in the near term to realise this vision.  

− Constructive technology assessment. It is recognized that technological innovation requires 
popular acceptance, and that society is shaped in many ways by the technology it uses. CTA 
is an open-ended method for evaluation, where the evaluation criteria are decided upon by 
the stakeholders themselves.  

− Life cycle assessment. Potential solutions are evaluated on a life-cycle basis against present 
technological solutions. 

− Specially protected market niches. Initially, prototypes of the more sustainable technologies 
will be competing with much more mature technologies, which have distributed their 
development costs over many years of sales and which have achieved nearly optimal 
production strategies. Therefore sheltered conditions will be needed to test and refine these 
prototypes. 

 

2) The SusHouse project (drawn from Green & Vergragt: 2002):  

SusHouse focused on three so-called ‘household functions’, selected because of their 
heavy contribution to the environmental burden caused by households, namely: 
Shopping, Cooking and Eating (Food); Shelter (Heating, Cooling and Lighting the house); 
and Clothing and Clothing Care. The SusHouse methodology consists of a specific 
combination of stakeholder creativity workshops, scenario writing, environmental 
assessment of scenarios, economic assessment of scenarios, consumer acceptance 
research on scenarios and backcasting workshops. The main feature of the methodology is 
to develop scenarios which conceptualise technological and social innovations that are 
imaginable now and that might bring about sustainability in the three household 
functions. The methodology developed and evaluated in the SusHouse Project has been 
derived from STD methodology. However, the SusHouse Project has made substantial 
changes, namely:  

− less emphasis is placed on technology as the main agent for sustainable development; 
rather, a combination of technological, social and cultural changes is envisaged;  

− more emphasis is placed on the participation of non-governmental stakeholders in the 
process; and 

− a design orientation is chosen, rather than a policy-making orientation. 

The development of the methodology was backed up with case examples of imaginative 
scenarios, developed during the project, for the fulfilment of functions of the sustainable 
household; the scenarios were subject to environmental assessment, economic analysis 
and consumer acceptance analysis and have been ‘endorsed’ by the social partners in the 
project.  


