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1 Introduction

In response to problems of pollution and waste caused by industrial activities, many countries have introduced policies to prevent and control pollution and waste. The initial response of industry was to treat pollution through the use of end-of-pipe technologies. For polluted soils stemming from reckless spills or bad management special remediation technologies were used. These technologies helped to achieve environmental gains but they involved a significant cost for society (between 0.7-2.1 percent of GDP).
 The high costs of pollution control and waste management induced companies to shift towards cleaner production and towards waste reduction, to save costs -- not because it was environmentally more sound. 
The broad name for the above technologies to limit and control pollution and waste is environmental technology. In the new Environmental Technology Action Plan of the EU Commission environmental technologies are defined as:

“all technologies whose use is less environmentally harmful than relevant alternatives”. They include technologies to manage pollution (e.g. air pollution control, waste management), less polluting and less resource-intensive products and services (e.g. fuel cells) and ways to manage resources more efficiently (e.g. water supply, energy-saving technologies). Other more environmentally-sound techniques are process-integrated technologies in all sectors and soil remediation techniques.”
Not included in this definition are products incorporating environmental technologies, such as hydrogen-fuel cell vehicles or battery-powered electric vehicles; also not included are green products not based on an identifiable environmental technology, such as light weight packaging and water-based paints. The Environmental technology definition furthermore does not include environmentally beneficial system innovations, i.e. transformations in systems of provision and associated changes in consumer practices and life styles (Weaver et al., 2000; Rotmans et al., 2000; Smith et al, 2005). Examples of system innovations offering environmental benefits are being identified in the Dutch sustainable technologies programme in the 1990s. These include: novel protein foods based on non-meat proteins (10-30 factor improvement), precision agriculture (up to factor 50 improvement), decentralised production of electricity using renewables and microturbines, underground transport of commodities in pipe lines (factor 10 improvement in energy efficiency), and industrial ecology (Weaver et al., 1999).
  The hypothesised time path of improvement in environmental efficiency for different types of system change is visualised in Figure 1.

Figure 1: Hypothesised improvements in environmental efficiency
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Instead of system innovation the term function innovation is used. System innovation is believed to yield greater improvements in environmental efficiency than system improvement (optimisation) or partial system redesign in the long term. In the short term, the greatest improvements can be achieved with retrofitting options. 

System innovations have received hardly any attention by the OECD and other agencies dealing with innovation measurement. They are not an official innovation category, despite the work that is being produced by innovation researchers about technological regimes, technology innovation systems and system innovations (Kemp and Soete, 1992, Kemp 1994, Weterings, 1997, Jacobsson, S. and Bergek, A., 2004, Hekkert et al., 2007, Markard and Truffer, 2008, Bergek et al, 2009).
The idea of green benefits from system innovation is not new. Freeman (1992) discussed the idea of a green techno-economic paradigm in his book Economics of Hope and the idea was further investigated in the project “Technology and the transition to environmental stability” (Kemp et al., 1994). 
In this paper I will examine the scholarship on system innovation and societal transformation for sustainable development, which today is known as “transition research”, because Dutch scholars active in this field have been using the term transition. The transition work is based on a multilevel perspective of change, and a model of goal-oriented modulation and reflexive governance which are being described in sections 3 and 4.  Experiences with transition management in the Netherlands are described too, as well as the international debate on transition management as a model of governance for sustainable development (sections 5 and 6). 
2. Sustainability transitions

The term transition is employed by various scholars and organisations working on sustainable development. The Board on Sustainable Development of the US National Research Council published a book called Our Common Journey: A transition toward sustainability (NRC, 1999). The publication coincided with the publication of the Great transition essay by the Tellus institute in Boston and Stockholm Environment Institute, which presented various scenarios for a transition to a sustainable global society. 

In 2000, a collection of papers on sustainable development was published under the name Sustainable development: The challenge of transition by Cambridge University Press. The book edited by Jurgen Schmandt and C.H. Ward contained contributions from Frances Cairncross, Herman Daly, Stephen Schneider.  
The first book on sustainable development however to use the term transition was the book The Transition to Sustainability. The Politics of Agenda 21 in Europe, edited by Timothy O'Riordan and Heather Voisey, and published in 1998. In all three books the term transition is used as a general term, not as a theoretical organizer. 
In the last 8 years a new literature developed in which the term transition is defined and used as a theoretical concept in historical studies looking back at past transitions, and deliberations about steering societies towards more sustainable systems of provision and associated practices. People in this literature are concerned with transformative change (system innovation), drawing on an co-evolutionary perspective, which will be described and explained in the next section. 
The “transition to sustainability” literature is to be distinguished from the literature on economic transitions, dealing with transition problems and mechanisms involved in the transition from a planned economy to a market economy (Roland, 2000; Kornai, 2005).
3.  The Dutch transition literature
The Dutch “transition to sustainability” literature is concerned with fundamental changes in functional systems of provision and consumption. It involves contributions from innovation researchers, historians of technology, political scientists and systems analysts. It is not rooted in one discipline and people tend to be multidisciplinary (some are even transdisciplinary which means that they are working with practitioners). Basically there are three traditions: the work on sociotechnical transitions by Frank Geels and others, the work on transition management by Jan Rotmans and others, and the work on reflexive modernisation by John Grin and others. People in those traditions are cooperating in the Dutch KSI programme on system innovation and transition. Each of the traditions will be briefly described. 
The sociotechnical transition approach is developed in Twente by Arip Rip and Johan Schot, and was used by historians in a big research programme about the history of technology in the Netherlands. It is based on a co-evolutionary view of technology and society and a multilevel perspective. Of these two essentials, the multilevel perspective is best worked out, consisting of the following three elements: the sociotechnical landscape, regimes, and niches. 

The socio-technical landscape relates to material and immaterial elements at the macro level: material infrastructure, political culture and coalitions, social values, worldviews and paradigms, the macro economy, demography and the natural environment. Within this landscape we have sociotechnical regimes and special niches. 
Sociotechnical regimes are at the heart of transition scheme. The term regime refers to the dominant practices, search heuristics, outlook or paradigm and ensuing logic of appropriateness pertaining in a domain (a sector, policy domain or science and technology domain), giving it stability and orientation, guiding decision-making. Regimes may face landscape pressure from social groups objecting to certain features (pollution, capacity problems and risks) and may be challenged by niche developments consisting of alternative technologies and product systems. Faced with these pressures, regime actors will typically opt for change that is non-disruptive from the industry point of view, which leads them to focus their attention to system improvement instead of system innovation.
A visual representation of the multilevel model is given in Rip and Kemp (1996), indicating three important processes: 1) the creation of novelties at the microlevel against the backdrop of existing (well-developed) product regimes, 2) the evolution of the novelties, exercising counter influence on regimes and landscape, 3) the macro landscape which is gradually transformed as part of the process. 

Figure 2: The multilevel model of innovation and transformation
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Source: Rip and Kemp (1996)

The key point (basic hypothesis) of the multi-level perspective (MLP) is that transitions come about through the interplay between processes at different levels in different phases.
 In the first phase, radical innovations emerge in niches, often outside or on the fringe of the existing regime. There are no stable rules (e.g. dominant design), and actors improvise, and engage in experiments to work out the best design and find out what users want. The networks that carry and support the innovation, are small and precarious. The innovations do not (yet) form a threat to the existing regime. In the second phase, the new innovation is used in small market niches, which provide resources for technical development and specialisation. The new technology develops a technical trajectory of its own and rules begin to stabilise (e.g. a dominant design). But the innovation still forms no major threat to the regime, because it is used in specialised market niches. New technologies may remain stuck in these niches for a long time (decades), when they face a mis-match with the existing regime and landscape. The third phase is characterised by wider breakthrough of the new technology and competition with established regime, followed by a stabilisation and new types of structuring. 

A transition example is the transition from coal to natural gas in the Netherlands for space heating.
  Here multiple developments coincided; the discovery of large amounts of natural gas in the Netherlands at the end of the 1950s, experience with large-scale production and distribution of gas produced in coke factories, cheap imports of coal which made Dutch coal production unprofitable. Furthermore with the rise of nuclear power, there was also a general expectation that the price of energy was about to fall sharply. So when a large gas field was discovered in Slochteren in 1959, exploiting it became a political priority.

Important meso factors were the creation of a state gas company, the Staatsgasbedrijf, for the distribution of gas, and a national gas company, the Nationale Gas Maatschappij, for the supply of gas. The creation of these companies was resented by local councils and the semi-nationalized companies (Hoogovens and Dutch State Mines -- DSM) who did not want to give up their power. However, after tough negotiations of government with oil companies Shell and Esso (now Exxon), the gas supply became the monopoly of the Gasunie (Gas Association), whose shares were owned by the state and the two oil companies. Under the supervision of the Gasunie, local councils retained responsibility for distribution. Hoogovens was bought out and DSM was included in the Gasunie on behalf of the government as a compensation for the closing of the mines. 

Households were sold to the idea of using natural gas, thanks to campaigns. By international standards, the condition of the Netherlands’ housing stock was poor. Houses were uncomfortable, lacked insulation and were poorly heated, representing a (large-scale) socio-technical niche. People wanted the comforts of central heating and warm water for showers/baths. By the end of the 1960s, the transformation was complete: the gas supply was based fully on natural gas and controlled by the Gasunie. 

The transition from coal to natural gas in the Netherlands is an example of a government-induced (one could say managed) transition. The Dutch government had clear objectives and sub-objectives, which resulted in a very quick and relatively smooth transition. Such a goal-oriented transition is rather exceptional; most transitions are the outcome of the many choices of myopic actors who do not based their decisions on a clear long-term view. 
The transition scheme has been refined and used by Frank Geels and others in a series of studies. This work resulted in several theoretical innovations: the identification of 4 transition patterns (transformation, de-alignment and re-alignment, technological substitution and reconfiguration) (Geels and Schot, 2007) and the distinction between local and global elements in the development of new trajectories Geels and Raven (2006). More attention is also given to the interplay between multiple regimes (Verbong and Geels, 2007). 
Most of the work is retrospective, based on secondary sources, but the multilevel perspective has also been applied prospectively, for example by  Verbong and Geels (2008). The authors are all based in Eindhoven (in 2008 Frank Geels moved to SPRU in the UK). Much attention is given to technology aspects, because they are focussing their studies on transformations in which technology is a key element. Geels studied the following transitions: 

1. From sail to steamships UK (1840-1890)

2. From horse-drawn carriage to automobiles US (1870-1930)

3. From cesspools to sewer systems NL (1870-1930)

4. From pumps to piped water systems NL (1870-1930)

5. From traditional factories to mass production (1870-1930)

6. From crooner music to rock ‘n’ roll US (1930-1970)

7. From propeller-aircraft to jetliners US (1930-1970)

8. Transformation of Dutch highway system (1950-2000)

9. Ongoing transition in NL electricity system (1960-2004)

This type of research builds on the work of Mumford (1934[1957])), Landes (1969), Rosenberg (1982) and Freeman and Louçã (2001). The above work may be usefully labelled the sociotechnical transition approach, given its focus on the co-evolution of technology, organisation and society. Technology is seen both as an outcome and a driver of transformations. 
The second type of scholarship is rooted in systems theory and complexity theory and is very much concerned with issues of steering and governance. This approach may be called either the societal transition approach or the transition management approach.
 It is being associated with people at DRIFT (especially Jan Rotmans and Derk Loorbach) in Rotterdam in the Netherlands, who have been active in the formulating principles of transition management.
 I am part of both traditions, having worked with Frank Geels, Johan Schot and Arie Rip, and with Jan Rotmans and Derk Loorbach. 
In the first study on transition and transition management (Rotmans et al., 2000), a transition is being defined as a gradual, continuous process of change where the structural character of a society (or a complex sub-system of society) is being transformed (Rotmans et al., 2000). Transitions are transformations processes that lead to a new regime with the new regime constituting the basis for further development. A transition is thus not the end of history but denotes a change in dynamic equilibrium. A transition is conceptualised as being the result of developments in different domains and the process of change is typically non-linear; slow change is followed by rapid change when concurrent developments reinforce each other, which again is followed by slow change in the stabilisation stage. There are multiple shapes a transition can take but the common shape is that of a sigmoid curve such as that of a logistic (Rotmans et al., 2000, 2001).

Transition processes of societal development are considered to be composed of four distinctive phases (Rotmans et al., 2000, 2001): 

Figure 3: Four phases of transition
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Source: Rotmans, et al. (2000 and 2001)

The multilevel, multi-phase model of transition was developed in a project for the 4th National Environmental Policy Plan of the Netherlands. In the project called Transitions and Transition management, principles for transition management were developed by Jan Rotmans, René Kemp and Marjolein van Asselt, together with policy makers, which were.
· Long-term thinking as a framework of consideration for the short-term policy (at least 25 years). 
· Thinking in terms of more than one domain (multi-domain) and different actors (multi-actor) at different scale levels (multi-level).
· A focus on learning and a special learning philosophy (learning-by-doing and doing-by-learning).
· Trying to bring about system innovation besides system improvement.
· Keeping open a large number of options (wide playing field).

(Rotmans et al., 2000, 2001)

Transition management is based on a story line that persistent problems require fundamental changes in social subsystems, which are best worked at in forward-looking, yet adaptive manner, based on multiple visions. Transition management consists of a deliberate attempt to work towards a transition offering sustainability benefits, in a forward-looking, yet adaptive manner, using strategic visions and actions. The concept is situated between two different views of governance: the incremental 'learning by doing' approach and the blueprint planning approach. Governance aspects were worked out in later years in a number of publications (Dirven et al., 2002; Rotmans 2005; Kemp et al. 2007ab; and Loorbach, 2007). The various elements of transition management are combined into a model of multi-level governance by Loorbach (2007) which consists of three interrelated levels:

· Strategic level: visioning, strategic discussions, long-term goal formulation. 
· Tactical level: processes of agenda-building, negotiating, networking, coalition building.
· Operational level: processes of experimenting, implementation.
Transition management tries to improve the interaction between different levels of government for the sake of certain transitions. It is about organizing a sophisticated process whereby the different elements of the transition management process co-evolve: the joint problem perception, vision, agenda, instruments, experiments and monitoring through a process of social learning (Loorbach, 2007). 
Transition management is designed to give produce altered actor-system dynamics, leading to altered actor configurations and altered power-constellations and institutional arrangements that form a different selection environment wherein social innovations can mature more easily (Loorbach, 2007). 

The basic steering philosophy is that of goal-oriented modulation, not planning-and-control. Transition management joins in with ongoing dynamics and builds on bottom-up initiatives. Different sustainability visions and pathways towards achieving them are being explored. Over time, the transition visions are to be adjusted as a result of what has been learned by the players in the various transition experiments. Based on a process of variation and selection new and better visions are expected to emerge, while others die out. This evolutionary goal-seeking process means a radical break with current practice in environmental policy which is only concerned with obtaining short-terms goals and reliance on quick fixes. 
It is important to note that in the transition scheme, government and government is seen as part of transitions or transformations instead of an external force. Government will react to problems associated with technology use and policy is influenced by the interests, values, beliefs and mental models within the societal systems it seeks to alter (through the representation of the interests in the political process) and by the values and beliefs of society at large. Quite often there is a clash between values and beliefs within particular sectors and those in society, with government acting as a mediator. The new role of government is to act as a facilitator of transformative change, something it can do on the basis of powers granted to them. 
The third tradition is that of reflexive modernisation. This tradition uses the term system innovation instead of the term transition. The focus of this work is on the governance aspects around transformative change, the values, strategies and beliefs of societal actors. Sustainable development is viewed as a project of reflexive modernisation. Researchers in this tradition are especially interested in normative disputes, processes of re-structuration and issues of legimiticy and power (See Grin, 2006, Hendriks, 2008). 
The fourth tradition is that of practices
What these 4 traditions unites is:

· An interest in understanding and managing & shaping transformative change offering sustainability benefits
· A co-evolutionary view on societal transitions, in which different evolutionary (evolving) systems are influencing each other, giving rise to outcomes (which are not necessarily planned nor wanted -- implying that there is an continuing need for controlling side-effects)
· A multilevel perspective with attention to the conflict between disruptive change coming from outsiders and regime-preserving change favoured by regime actors.  

There are differences in focus. Some researchers are more interested in understanding change than in how transitions may be managed (Geels), others are more interested in evaluating policy and governance arrangements (Hendriks), and there are those who are primarily interested in offering guidance for the management of system innovation processes and managing wider transitions (Rotmans and Loorbach).

The scholars share a view that transitions defy control because they are the result of endogenous and exogenous developments in regimes and the macro-landscape: there are cross-over effects and autonomous developments. Technical change interacts with economic change (changes in cost and demand conditions) social change and cultural change, which means that in managing transitions one should look for virtuous cycles of reinforcement (positive feedback). 
The term transition management is only used by people from the transition management school, where it is variously labelled as goal-oriented modulation, directed incrementalism, co-evolutionary steering and reflexive governance for sustainable development (Kemp et al, 2007a, Kemp and Loorbach, 2006). It is a form of multilevel governance that is concerned with the co-evolution of technology and society in specific domains. 
Behind transition management are the following elements, identified by Meadowcroft (2007): 

· making the future more clearly manifest in current decisions, by adopting longer time frames, exploring alternative trajectories, and opening avenues for system innovation (as well as system improvement).

· transforming established practices in critical societal subsystems  within which unsustainable practices are deeply embedded.

· developing interactive processes where networks of actors implicated in a particular production/consumption nexus can come together, develop shared problem definitions, appreciate differing perspectives, and above all develop practical activities.

· linking technological and social innovation, because both sorts of change are necessary if society is to move on to a more sustainable pathway.

· ‘learning-by-doing’, developing experiments with novel practices and technologies, because it is only by initiating change that we can learn the potential (and the limits) of different approaches.
· tailoring support for technologies to the different phase of the innovation cycle.
· encouraging a diversity of innovations (‘variation’) and competition among different approaches (selection) to fulfill societal needs.
· assigning an active role to government in mobilizing society to orient change in desired directions.
Meadowcroft (2007) sees transition management as an example of (a reflexive form of) governance of sustainable development that

· accepts that “our capacities to anticipate or to determine the future are limited” but while accepting this sees a positive role for steering “to orient development to attain desirable social objectives and avoid serious pitfalls, to protect groups that may suffer undue consequences from the unfolding pattern of change, and to adapt social institutions to cope better with the future” (Meadowcroft 1997).

· is ‘interactive’, “not just in the instrumental sense that broader societal inputs may facilitate progress towards known objectives, but also in the deeper sense that it involves the collective discovery of preferred social development pathways” (Meadowcroft 2007).

· is not anti-market but is “to a large extent about adjusting institutional practices so that the ‘spontaneous’ operation of political and market mechanisms tend to propel development along more sustainable lines. Governance for sustainable development is about releasing and channeling factors and forces—within the political/legal/administrative sphere and in society more broadly—that tend to promote a sustainable orientation towards development”.

Transition management is not an instrument but rather a framework for instrument choices. It terms of policy action it does not call for a complete upheaval of policy, but aims to orient policy domains more towards transition goals. In more concrete terms the following actions are desirable:
· science  policy: sustainability assessments of system innovations, transition road mapping, studies of past and ongoing transitions, focusing on the role of policy and usefulness of various governance models;

· innovation policy: the creation of innovation alliances, R&D programmes for sustainable technologies, the use of transition-experiments, and alignment of innovation policies to transition goals;
· sector policy: niche policies (through procurement, regulations or the use of economic incentives), the removal of barriers to the development of system-innovations, and formulation of long-term goals and visions to give direction to research and innovation.
4. Transition management in the Netherlands

In the Netherlands the national government got interested in transition management. Concerns about the depletion of fossil fuels, dependencies on foreign suppliers, and climate change led policy makers in the Netherlands to adopt a transition approach for sustainable energy. In this they were drawing on the ideas about transition management developed in the project “Transition and Transition management” involving transition scholars Jan Rotmans and René Kemp (and indirectly Frank Geels and Geert Verbong (for a description of the project, especially the interactions between policy makers and scientists, see Kemp and Rotmans 2008)). 

In the domain of energy, a set of 30 official transition paths are being explored (including the paths of biomass for electricity, clean fossil, and micro cogeneration but also radical options such as energy-producing greenhouses for growing crops). The government acts as a process manager, dealing with issues of collective orientation and interdepartmental coordination. It also takes on a responsibility for the undertaking of strategic experiments and programmes for system innovation. Control policies are part of transition management but the government does not seek to control the process – it is not directing the process but seeks to facilitate learning and change. Transition management aims for generating “momentum” for sustainability transitions.

At the heart of the energy transition project are the activities of (currently 7) transition platforms. In these platforms individuals from the private and the public sector come together to develop a common ambition for particular areas, develop pathways and suggest transition experiments (for an overview of the platforms, pathways and experiments please see appendix).

Based on suggestions from the transition platforms a transition action plan was formulated in 2005 containing the following goals: 
· -50% CO2 in 2050 in a growing economy

· An increase in the rate of energy saving to 1.5- 2% a year

· The energy system getting progressively more sustainable

· The creation of new business  
The approach is viewed as very successful in stimulating business to engage themselves in radical innovation projects, something which was not happening before. 
Immaterial innovations are the creation of an interdepartmental directorate, a special desk for innovators (for help and advice), the creation of 7 transition platforms and a 45 million euro funding scheme for transition experiments (UKR).

Through the transition approach the Dutch government hopes to achieve an extra 180Mton CO2 reductions (see figure 4).

Figure 4: Time path for CO2 emissions in the Netherlands
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Source: Presentation Hugo Brouwer in London (2005)

Much is expected from the transition approach, in terms of CO2 reductions and the creation of new business. Expectations about transition management are thus rather high, even when transition research (Geels, 2005) strongly suggests that transitions in sociotechnical systems defy control and effective steering. Policy can do little more than increase the chance for a transition to occur and shape the features of it.

5. Criticisms to the idea of transition management 
The transition literature sparked a debate about possibilities for managing transitions and the DRIFT transition management model. The debate was critical but constructive, about issues such as: can transition be managed? Who is to do the steering, on what basis? What are good transition policies? How can we be sure that it will produce positive results? Do we really need transitions (can’t we rely on system improvement)? In this section I will present criticisms ventured towards the earlier described work on transitions and transition management and offer a reaction to it. 

The first to criticise the transition approach were Smith, Stirling and Berkhout, innovation researchers at SPRU in an article in Research Policy published in 2005. Whilst sympathetic to the idea of orienting policy towards transitions they criticise the idea of transitions occurring through niche development processes (Kemp et al., 1998; Hoogma et al. 2002) and came up with a typology of 4 change processes, of which purposive transition is one. 
Fig. .. Transition contexts as a function of degree of coordination to selection pressures and the locus of adaptive resources
[image: image3.emf]
Source: Smith et al. (2005, p. 1499) 

Shove and Walker (2007) cast a much more critical eye on the transition idea and transition management approach. They openly doubt the ability of societies to transform themselves; they criticise the central role given to technical change in societal transitions (arguing that culture and social practices have been neglected); and they are also sceptical about the positive benefits of transition policy. They start their commentary with a quote from Bauman (1991) saying that “remaking society by design may only make it worse than it was”. One might quip that if possibilities for effective steering are limited, one does not have to worry about the outcomes. A more serious answer is that indeed positive outcomes of policy should not be assumed and that such outcomes should be actively sought (and secured) through reflexive policies. A remaking of society for the better calls for reflexive modes of governance and policy in which attention is given to long-term effects and in which policy outcomes and processes are critically reviewed. Policy should not only be concerned with providing support to innovations and room to the exploration of visions also should also be concerned with shaping them, controlling undesirable aspects, to stimulate sustainable configurations (see Kemp, 2008). On this point, Shove and Walker ask:
“What are the new institutions of reflexively governed transition management, and what are the mechanisms through which goals are to be reinvented and revised in the light of events? More pragmatically, what is to be monitored (and thus form the basis for reflection and review), how frequently should this monitoring go on, and on what scale? How are transition managers to identify the early signs of trajectories that take decades to unfold (Geels and Kemp, 2006), and how should they respond when relevant dynamic processes speed up or slow down?”
These are good questions, to which there are no simple answers. The questions are being taking up in the KSI research programme in which there is a project for reflexive monitoring and a whole research line on reflexive modernisation. Policy experience and further scholarship are needed to address them. The work of Grin and Weterings (2006) on reflexive monitoring offer suggestions but more is needed.  

Transition management is also criticised for being an elitist approach of modernisation (Hendriks, 2008; see also Smith and Kern, 2007). Indeed, none of the platforms are democratically chosen. The public is not really involved. The democratic element could and should be strengthened, for example by having societal discussions about the paths and aspirations. Transition management is a modernistic approach, it is pro-innovation, but one in which attention is given to side-effects (Rotmans and Kemp, 2008). It is a model of reflexive modernisation which helps to prevent the pitfalls of blueprint planning and the short-termism of market. It is oriented towards the common interest, accepting that this cannot be defined in terms of technology choices (Kemp and Martens, 2007; Kemp 2008). The model of transition management helps to deal with one negative aspect of politics in democratic societies: its focus on technical fixes (be it nuclear, clean coal or windpower). 

A number of insightful questions were posed by political scientist James Meadowcroft, a leading authority on sustainability planning, environmental management and governance for sustainable development. In an invited paper he examined the model of transition management as a model of governance for sustainable development. He openly praises the model of transition management as “the most sophisticated model for orienting transitions in existing societal systems”, but asks some penetrating questions. Same as Shove and Walker (2007), Meadowcroft (2007) questions the possibility for achieving closure through wilful transition policies:
The image of ‘transition’ suggests a definite passage from one state to another; not just movement, but arrival. And the historical illustrations which the approach cites display just such a trajectory: for example, the shift from coal to gas in domestic heating in the Netherlands, the move from sailing ships to steam vessels in British maritime transport, and the replacement of horse drawn carriages by automobiles in the United States. And yet, with respect to governance for sustainable development, the concern is that this image of a decisive switch may exaggerate the potential for closure in what is likely to be a very messy and open ended process.
Meadowcroft (2007) is certainly right in emphasising that transformations are open-ended and multilayered (“messy”). Each development process, including those who are motivated by sustainable development goals, inevitably will give rise to problems, which have to be contained (though control policies or other mechanisms. Development processes are ongoing. To prevent new types of lock-in, policies should be provisional and need to be adapted with experiences. The creation of criteria for sustainable biofuels perfectly fits with transition management as a model of reflexive modernisation. 
This brings me to the following point which is that the management of sustainability transitions involve not only soft support policies but also tough political choices (about the introduction of environmental taxes and phase out of non-sustainable practices). It is hoped that the commitment to sustainability transitions helps to make such choices, but whether this will happen is far from certain. 
The transition policies should not be seen as technocratic endeavour to change the systems of production and consumption, but as an attempt to promote learning and innovation for transformative change. The policies for system innovation complements policies for other types of eco-innovation: pollution control technologies, cleaner production processes, material substitution, waste prevention, recycling, reuse and treatment, green energy technologies, eco-friendly products, environmental management systems, better logistics and so on. To decouple economic growth from environmental impact all types of eco-innovations are needed. The transition to sustainable production and consumptions requires a broad range of changes. It cannot be achieved by system innovations alone. 
6.  Conclusions

In discussions about sustainable development, the term transition is frequently used, mostly in a non-theoretical way. In the Netherlands the national government is using a transition approach oriented towards the creation of alternative systems of production and consumption in energy, mobility, agriculture and food, and use of resources. Thus far in all societies sustainable consumption has been pursued through ecologically improved products and eco-technology, not through comprehensive change in the form of system innovations – alternative systems for fulfilling societal functions such as transportation, communication, housing and feeding. To stimulate system innovations, the Dutch model of transition management appears a useful addition to these policies. It helps to bring together many actors (technologists, designers, governments, business and citizens) to work on sustainability transitions, taking on board criticism of sociologists that ecological modernisation is too much supply oriented (Spaargaren, 2003 and Shove, 2004) and neglecting issues of lifestyle and values. Transition management sees supply side changes and demand side changes as interlinked and opts for change at both sides, rather than one just side. 


In theoretical terms, the approach of transition management relies on markets, guidance in the form of goals and visions of sustainable development, network management with an element of self-organisation. Transition management could be viewed as “evolutionary governance” as it is concerned with the functioning of the variation-selection-retention process: creating variety informed by visions of the sustainability, shaping new paths and reflexively adapting existing institutional frameworks and regimes (Kemp and Loorbach, 2006). It is a model for escaping lock-in and moving towards solutions offering multiple benefits, not just for users but also for society as a whole. It is not a megalomaniac attempt to control the future but an attempt to insert normative goals into evolutionary processes in a reflexive manner. Learning, maintaining variety (through portfolio management) and institutional change are important policy aims (Kemp et al, 2007ab).
The reliance on evolutionary processes of variation and selection and retention is deliberate. Evolutionary change on the basis of trial and error is believed to bring greater benefits than revolutionary design. Planning based on anticipatory rationality has been shown to produce many bad results (March and Olsen, 1995). Some element of planning is required to inject collective goals in the market process, which is oriented towards short-term economic gains instead of longer-term optimality (Kemp and Soete, 1992). These considerations lead me and others to think that we need a form of guided evolution is needed, combining an element of planning with evolutionary mechanisms of trial and error. Evolution must be guided by ideas of what constitutes progress. To avoid modernistic mistakes, one might start with acute problems (Lindblom, 1959; Meadowcroft, 2005) in defining progress but one also needs visions such as the vision of “cradle to cradle” (McDonough and Braungart, 2002) and visions of sustainable mobility and agriculture. The idea is to utilise the best elements of various configurations, using imagination and experience.
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Appendix: Overview of transition platforms, pathways and experiments
	Platforms 
	Pathways
	Experiments

	Chain Efficiency

Goal: savings in the annual use of energy in production chains of:

· 40 à 50 PJ by 2010

· 150 à 180 PJ by 2030 

· 240 à 300 PJ by 2050 
	KE 1:  Renewal of production systems
KE 2: sustainable paper chains
KE 3: sustainable agricultural chains
	Save 50% energy use along the production chain of paper by 2020

	Green Resources

Goal: to replace 30% of fossil fuels by green resources by 2030
	GG 1: biomass production
GG 2: biomass import chain

GG 3: Biosyngas
GG 4: Bioplastics

	Conversion of the MTBE (methanol tertiary butyl ether) production process to ETBE (ethanol tertiary butyl ether) based on bio-ethanol

	
	
	Bio-plastics: Breakthrough to self-sustaining growth



	
	
	Breakthrough for bio-plastics to high-value applications



	
	
	A factory for the production of bio-diesel from palm oil

	New Gas

Goal: to become the most clean and innovative gas country in the world
	EGG 1: Energy saving in the built environment
EGG 2: Micro and mini CHP 
EGG 3: clean natural gas
EGG 4:  Green gas

	Buses on natural gas in Haarlem/Rijnmond 



	
	
	Liquefied natural gas as a substitute for diesel

	
	
	Introduction of compressed natural gas as a mature car fuel in the North of the Netherlands

	
	
	Polder district in Zeewolde gets heating on biogas

	
	
	Pilot project of micro generation in households

	Sustainable Mobility

Goal: faster market introduction of greener fuels and vehicles, explointing export opportunities 
	AM 1: Natural gas 
AM 2: Biofuels

	Realisation of the hydrogen cart (Formula 0)

	
	
	A sustainable petrol station in the North of the Netherlands

	
	
	A large-scale production facility for bio-diesel in Terneuzen

	Sustainable Electricity

A share of renewable energy of 40% by 2020  and a CO2-free energy supply by 2050
	DE 1: Wind onshore

DE2: Wind offshore

DE3: solar PV

DE4: central infrastr.

DE5: decentralised infstr.
	

	Built Environment

Goal: by 2030 a 30% reduction in the use of energy in the built environment, compared to 2005
	GO1: Existing buildings

GO 2: Innovation

GO 3: Regulations
	Use of mine water for heating and cooling 

	
	
	A good perspective can give an impetus for energy saving in council housing sector

	
	
	Heating in houses based on waste wood from pruning trees in Eindhoven

	
	
	heat transition in housing construction

	
	
	‘Geothermal heat for the whole Netherlands’ (heat pumps)

	
	
	Collective sustainable energy storage devices for heating and cooling

	
	
	Sustainable heat and cooling through the use of heat pumps

	Energy-producing Greenhouse
	KE 1: solar heating 
KE 2: use of earth heat

KE 3: efficient use of light

KE 4: cultivation strategies and energy-low crops

KE 5: electr. Production

KE 6: use of CO2

	Greenhouse which does not use natural gas in Ter Aar 

	
	
	Use of earth heat in Bleiswijk 

	
	
	Semi-closed greenhouse 

	
	
	CO2 delivery to greenhouses in horticulture sector (OCAP)


Source: Kern and Smith (2007) and http://www.senternovem.nl/energietransitie/ 
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� In 1990 the level of pollution abatement expenditures in OECD countries for which figures are reported  ranged from 0.7% in Great Brittan to 2.1% in Austria. Public expenditures account for about half of these expenditures in 1990. Whilst the share of public PAC expenditures stayed more or less the same in the 1990 – 2003 period, the share of PAC expenditure by the business sector fell in almost all countries. In Austria it fell from 1% of GDP in 1990 to 0.3% of GDP in 2001. In the Netherlands it fell from 0.7% to 0.5% (OECD, 2007).


� Other examples of system innovation are: biomass-based chemistry, multiple sustainable land-use (the integration of the agricultural function with other functions in rural areas) and flexible, modular manufactured construction (Ashford et al., 2001).


� This section comes from Geels and Kemp (2007).


� Based on Rotmans et al (2000, 2001) who based themselves on Verbong (2000). 


� It may be called the societal transition approach because it has a stronger focus on (societal) actors and political conflict as primary drivers of transformations. 


�  DRIFT stands for the Dutch Research Institute for Transitions.
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