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Executive summary

Sometimes referred to as ‘the Department for Biblical Disasters’, the UK Department for the Environment, Food and Rural Affairs (Defra) plays a lead role for the UK Government on challenges of climate adaptation, resource efficiency, environmental protection, risk reduction, biodiversity conservation, food security, and wider sustainability - as well as sharing responsibilities for infrastructure resilience and poverty reduction. As such, it contends with some of the most serious challenges affecting the UK in the 21st century. 

Defra’s obligations under UK Government Public Service Agreements (PSAs) demand transitions to more sustainable systems for meeting society’s needs. Transformative innovations bring about deep, ‘system level’ transitions of this kind. The agenda of Transformative Innovation (TI) is one of improving the chances that promising ideas will flourish, and one of deliberate, democratic social choice among possible developmental pathways.

In five sections, this report sets out an independent, academic view on: 

1. The need for TI, and why Defra has benefits to gain and key roles to play.

2. TI as a process of ‘socio-technical transitions’ that can be guided by policy.

3. Diverse perspectives on TI, from within and outside Government.

4. How governments can enable TI through ‘building pathways’, ‘enabling markets’ and ‘strategic governance’.

5. Proposals for Defra to take a leading role through institutional changes.

Key Conclusions

The report’s key conclusions are as follows.

· Transformative innovations happen. Research has produced deep insights into how they unfold. There is a very substantial literature on how policy makers can deliberately foster TI, and growing international commitment and experience in doing so.

· The key challenges of transformative innovation do not lie in monolithic subsidies or ‘picking winners’, but in engaging different voices, protecting spaces for niche innovations, balancing vested interests, making connections, co-ordinating experiments, levering investments, facilitating learning and informing expectations.

· Defra’s remit and PSAs, plus its established networks and experience, mean that Defra has a primary responsibility for galvanising UK Government attention to the challenges and opportunities of transformative innovation.

· A TI agenda means making politically difficult decisions, and this demands a robust political process facilitated by wider engagement and more effective public dialogue.

· Policy making for TI has three main elements: 

  (i) 
Building pathways - countering processes that have resulted in unsustainable lock-in, escaping ‘capture’ and lending momentum to transformative innovations instead; 

  (ii) 
Enabling markets - identifying potentially transformative innovations and enabling them to ‘break through’ from niches to mass markets; and 

  (iii) 
Strategic governance - developing the capacity to make deliberate, legitimate, accountable choices between different developmental pathways.

Main options for change
The report suggests that Defra should take a leading role in the TI agenda, working in conjunction with the Department for Business, Innovation and Skills (BIS) and others. Specifically it proposes that Defra should consider taking the following steps.

· Become a champion for TI within Government.

· Facilitate specific transformative innovations and ‘learning by doing’ in the sectors in which it takes a lead.

· Commission detailed focused ‘socio-technical’ analyses of the ‘systems of provision’ impinging on the Defra remit and achievement of its PSAs.

· Convene in partnership an international workshop on transformative innovation;

· Promote learning - use lessons from the above to inform further policy development and institutional change.

· Initiate a novel programme of ‘Public Dialogue for Transformative Innovation’, to extend the scope and depth of existing deliberation around science and innovation in Defra and BIS. The aim here is to widen networks, so as to identify and establish robust innovation trajectories.

· Establish, with BIS and others, a networked ‘Competence Centre for Transformative Innovation’, to develop the capacities and links needed to take forward a portfolio of initiatives identified through the Public Dialogue. The Centre could also have agenda setting, extension and mentoring roles. Extensive use should be made of open web-based fora for expertise and practitioners in key ‘bottleneck’ areas in terms of social innovations, technologies, skills and research. 

· Push for cross-departmental commitment joining up existing policies and regulations to create Transformation Platforms to better enable promising niche technologies to take off in specific sectors. This also means building networks within and outside Government so as to develop alliances and engender confidence and momentum behind TI.

· Establish a Transformative Innovation Board under Nolan rules to provide a coherent evolving focus and purpose for the multiple strands of activity above. The TIB would report to Defra’s Chief Scientific Adviser, but would include members from BIS, Cabinet Office, Treasury and bodies such as the Technology Strategy Board and NESTA. It would draw on external expertise in areas such as finance markets, social behaviour, strategic management, system engineering and ‘bottom-up’ (or ‘open’) innovation.

1. Why transformative innovation? Why Defra?

Referred to ruefully as ‘a department for biblical disasters’ (Ghosh, 2008), Defra must contend with some of the most serious challenges affecting the UK in the 21st century. In a time of unprecedented global environmental change (NERC, 2009; Sachs, 2007; UNEP, 2007), Defra is formally charged with the ambitious cross-governmental responsibility of providing leadership to ‘secure a healthy natural environment for everyone’s well being, health and prosperity, now and in the future’ (Defra, 2007, HM Treasury, 2007). In addition, Defra is required to act as the champion for sustainable development across UK Government and serve as a lead partner in international poverty reduction (Defra, 2007). Among the more specific strategic objectives that arise from this, are responsibilities to achieve: 

· ‘a society that is adapting to the effects of climate change’;

· ‘a healthy, resilient, productive and diverse natural environment’;

· ‘sustainable, low carbon and resource efficient patterns of consumption and production’;

· ‘an economy and a society that are resilient to environmental risk’;

· ‘a thriving farming and food sector with an improving net environmental impact’;

· ‘a sustainable secure and healthy food supply’ (Defra, 2007).

When considering these interlinked responsibilities (Watson R., 2009a), it is striking to note that UK Government authorities are among those continuing to document the formidable and compounding problems. Carbon emissions, and the carbon dioxide concentration in the atmosphere, are increasing at an accelerating rate (Global Carbon Project, 2007; Met Office, 2009). Climate change is accelerating dangerously (Houghton, 2008). Global environments are deteriorating (UNEP, 2007). Vulnerabilities to various kinds of risk are increasing (UNISDR, 2009; Environment Agency, 2008). Disparities between rich and poor are persistent or worsening (National Statistics 2008; Worldwatch Institute, 2003) with damaging consequences for individuals and whole economies (World Bank, 2006). Multiple threats are posed to sustainability of global food supplies (Beddington, 2009; Watson R., 2009b). As experience accumulates and attention intensifies, numerous international and intergovernmental bodies point to the inadequacy of existing incremental patterns of innovation and change (WBCSD, 1999; IEA, 2005; Raskin et al. 2002, RCEP, 2004). The example of fisheries management is discussed in Box 1. 


It is becoming increasingly clear that what is needed are radical ‘step jumps’ in the environmental and social performance of policy instruments, organisational practices, technological infrastructures and individual behaviours alike (VROM, 2003; Federal Government of Austria, 2002; Philips, 2007; Geels et al., 2008; Defra, 2004, 2006; WBCSD, 2008). As Defra has recognised, achieving its ‘mission of “one planet living”’ requires ‘the capability to scope, appraise and enable major step-change innovation in relation to a wide range of issues.’ (Defra, 2006, p. 16)

Across many sectors, research and development, niche experimentation and growing experience are repeatedly showing that these kinds of ‘step jumps’ are technically feasible, economically viable and socially realisable (Weaver et. al, 2000). There exist possible pathways for resource production and consumption that could reduce carbon emissions by a factor of four to ten (Weizsäcker et al., 1998; WRI, 1997; Hawken et al., 1999; Bringezu, 2002). Processes and infrastructures for water use can be transformed cost-effectively (UNESCO, 2006), to achieve impressive enhancements in efficiency (Science and Technology Committee, 2006). Radical reforms in worldwide agricultural strategies can secure massive improvements in the availability of healthy food - especially to the poorest communities (European Group on Ethics in Science and New Technologies to the European Commission, 2008; Cabinet Office, 2008). Polluting emissions can be reduced by establishing ‘industrial ecologies’ (Ayres, 2004) and ‘clean technologies’ (Ashford, 1991) with far less toxic life cycles. Recycling of waste materials can be raised to levels as high as 80% (see Box 2). Similar pictures of the enormous potential for transformative change are evident across many sectors, including farming, fisheries, energy, manufacturing, housing, planning, transport and health.


What all these prospects hold in common, is that they can rarely be achieved on any realistic timescale by conventional processes of incremental innovation - unguided by concerted social interventions. What is required is focused political attention, open public deliberation of shared visions and coherent ‘joined-up’ policy-making - aiming at deep ‘system-level’ transitions. In order to achieve this, Government must work to build new dynamic, multilateral partnerships between public and private actors. A culture of purposeful experimentation and socially driven enterprise must be fostered, attending to objectives that respect but transcend the incentives provided by established markets. This must value hard-won experience, but go beyond the ‘received wisdoms’ and ‘usual suspects’ of established or ‘incumbent’ industry bodies, to engage new entrants, small business, wider stakeholders and civil society. This is the agenda of ‘transformative innovation’ (TI).
Transformative innovations are not unprecedented. They do not always begin with radical scientific discoveries or inspired inventions. They are never reducible to technical artefacts or infrastructures alone, but typically encompass an array of associated practices, attitudes, institutions, cultures and values. The historic success of canals, railways, urban sanitation, mass production, automobiles, electricity and the internet were all deeply socially transformative processes, initiated by the driving long-term visions that leap-frogged existing markets and vested interests. Less technological examples may be found in the global emergence through the last two centuries of public education, gender equity, the welfare state and social healthcare. When conditions are right, such transformations may take off over relatively short time periods. This was the case with the technologically incremental shift in European electricity systems towards combined-cycle gas turbines (CCGTs) over the space of a few years (Watson J., 2004), and also with more transformative innovations such as the spread of mobile telephony across sub-Saharan Africa in the past decade (International Telecommunications Union, 2006) or the strikingly rapid global spread of the world wide web (Kaminow, 2007).

What transformative innovations hold in common is that they yield profound system-level changes in institutions, infrastructures and human behaviour. Such transitions are only possible if a critical mass of social actors is ready to conceive and commit to radical transformative change at an early stage, well before the outcome seems inevitable. This involves thinking beyond the incremental optimisation of existing systems - as typically encouraged by dominant everyday political and commercial pressures. This transformation of expectations plays an especially crucial role (Truffer et al., 2008). Here, the role of government is vital in aligning the grain of interests, incentives and motivations in wider governance. Though many of the essential ingredients - and much of the dynamism - are injected by business and civil society, it is through open and transparent arenas and protected spaces enabled by government that experimentation can be co-ordinated, learning facilitated, visions coalesced and the lifeblood of confident expectations established. 

In order to fulfil this role, government in its turn requires champions. History shows that these champions most frequently arise from among those at the ‘sharp end’ of the challenges that drive the innovation. It is those charged with otherwise intractable responsibilities who are best placed to seize the more radical opportunities. As noted above, Defra is mandated to take a lead role in UK Government on challenges of climate adaptation, resource efficiency, environmental protection, risk reduction, biodiversity conservation, food security, infrastructure resilience, poverty reduction and wider sustainability. Accordingly, it is to Defra that a primary responsibility falls of galvanising UK Government attention to the challenges and opportunities of TI. This has to happen in partnership with citizens and green business partners at the ‘coal face’ proper. This means Defra opening their policy networks to them, as well as reaching out to networks in the regions that are better connected to strategic issues in diverse localities.
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Figure 1. System optimisation versus system innovation 

(after Weterings et al., 1997)

As illustrated schematically in Figure 1, the contemporary challenges on which Defra is taking a lead collectively transcend what is achievable through incremental optimisation of existing market structures, institutional practices and technological infrastructures. The imperatives and obstacles are indeed formidable. Unlike many of the most radical transitions of the past, however, there is an unusual and potentially crucial advantage on the side of those seeking to drive transformative change. Rather than being channelled in mainly top-down ways by private entrepreneurial visions or narrow sectoral interests (as with many technological transitions of the past), current needs for transformative innovations towards sustainability have for many years been a more ‘bottom up’ imperative. Prior to the present widespread political consensus, these challenges and possibilities were recognised first in marginal constituencies and then mass social movements, long before receiving serious attention by government or business. The constellation of demanding imperatives on which Defra leads UK Government responses are a matter not just of private entrepreneurial visions or sectional political agendas, but of deliberate, distributed social choice. The challenge thus lies not so much in winning ‘hearts and minds’, as in translating shared concerns, understandings and aspirations into firm policy action and hard technological and social reality. 

This is not to say that issues of TI lack a political dimension. Like so many other of the ‘Biblical’ events on Defra’s plate, decisions are beset with strongly contending political and economic interests. Simply to identify the imperatives for TI does not determine any specific orientations for change. Judgements over relative degrees of ‘sustainability’ present many uncertainties and ambiguities (Stirling, 1999). Progress cannot be seen simply as whatever is delivered by the emergent outcomes of markets. Crucial questions arise, concerning the specific directions of innovation (Stirling, 2007a).

For instance, a variety of clamouring voices promise shifts towards more secure and sustainable food production systems - both for the UK and globally. Incumbent seed and agro-chemical supply chains focus on products (like proprietary transgenic crops) that offer to optimise established forms of high-input industrial farming (e.g. Wilson et al., 1994; Thomas et al., 2007). Other forms of advanced biotechnology focus instead on innovations like ‘marker assisted breeding’ (MAB - where genetic techniques are used to accelerate conventional breeding, through ‘marking’ rather than ‘engineering’ potential products) (e.g. Gebhardt et al., 2006). Alternatively, innovation may focus on ‘apomixis’, where traits promising radically improved characteristics can be reproduced through seed-saving, rather than dependence on continual purchase of proprietary hybrids or GMOs (e.g. Hoisington et al., 1999; Nassar, 2007). Likewise, the significant gains in market share achieved in recent years by organic, low-input and fair trade farming systems worldwide yield a distinct set of potentially transformative innovations (Shanahan et al., 2008; Vanloqueren and Baret, 2008; Tilman et al., 2006; Parrish et al., 2005). These highlight novel forms of local food production and distribution (like box schemes, community smallholdings and farmers’ markets) as well as a multitude of techniques (like low-tillage and ecological agriculture or biological control) that are less dependent on resource-intensive inputs. 

It is when this irredeemably political dimension of TI is recognised, that the essential role of strong initiatives from within government becomes most clear. The challenge here is not one of propping up ailing national industries or ‘picking winners’ for public subsidies in the manner of past nationalised industries. Instead, right at the outset, there is a responsibility to catalyse and facilitate more effective public dialogue. What is essential here is a readiness to move beyond incumbent interests, engage with imperatives for radical change and openly acknowledge the intrinsically political dimensions. Not only do these reorientations directly address the problems in hand, but they can also help to defuse the polarisation around ‘no alternatives’ rhetorics of change - and so enable more measured, sophisticated and robust political discourse. Alongside this - through creating multiple new forms of partnership with small and large business, further and higher education, local and regional authorities and disparate areas of civil society - central government has a role in initiating, nurturing and co-ordinating diverse processes of niche experimentation and ‘learning by doing’. In this way participants and observers realise the potential of various alternative envisaged systems.

By ‘holding the ring’ and ‘levelling the playing field’ in ways that only government can achieve, it is possible to catalyse the kinds of novel engagements, coalitions and commitments that combine new configurations of industry insiders and hitherto excluded outsiders. Here, there is a particular responsibility for government in avoiding ‘capture’ by incumbent industrial interests. As shown in the recent history of wind power, successful variants of this transformative innovation were not the technology-driven designs produced by mainstream electricity utilities and their suppliers in the leading engineering economies. Instead the new generation of advanced offshore turbine, now used increasingly worldwide, are direct descendants of the smaller-scale products of coalitions of agricultural equipment suppliers, further education colleges and communities of rural consumers in the farming areas of rural Denmark (Andersen and Drejer, 2008; Karnoe and Garud, 1999). The lessons here are around how to facilitate and manage engagements between incumbents and outsiders; and how to translate practices from niches to the mainstream (Smith, 2007; see Box 6 below).

This kind of example shows that the key challenges of TI do not lie in monolithic subsidies or ‘picking winners’, but in engaging different voices, protecting spaces, balancing vested interests, making connections, co-ordinating experiments, levering investments, facilitating learning and informing expectations. These will all be reviewed further in the sections that follow. It is in these ways that a single Government department like Defra might best hope to make a real difference in nurturing new alignments for innovation aiming at ambitious and radical system level transformations. A particular window of opportunity is now provided by the aftermath of the global financial crisis, where there is renewed appreciation of the limits of narrow ‘market optimisation’ through over-confident and under-regulated reliance on powerful incumbent interests. 

In rising to take this opportunity, it is Defra that bears the foremost burden of addressing the underlying environmental challenges. It is within Defra that there exists the greatest experience and understanding of the open and interconnected nature of coupled social and ecological systems (Watson R., 2009a). Few areas of Government have the same experience as Defra of addressing complex, dynamic, long term phenomena, spanning the remits of many different departments and presenting opportunities only for response and adaptation rather than direct control. The established cross-departmental co-ordinating responsibilities of Defra on matters of sustainability further underline the unique character of Defra’s role in addressing TI.

The sections of the report that follow will systematically explore the nature of these opportunities, challenges and responsibilities. In doing this, the report critically reviews the evidence arising from a number of sources:

· a voluminous international technical literature on ‘sociotechnical systems’, ‘technological transitions’ and ‘transformative innovation’;
· an increasing number of strategic initiatives undertaken by Defra itself and other UK Government departments and commercial and civil partners;

· emerging experience from broader and deeper processes of experimentation undertaken in other advanced industrial countries.

The report will focus repeatedly and cumulatively on a consistent set of measures through which Government might hope to ‘modulate’ transformative innovation. These are organised under three themes: ‘enabling markets’, ‘strategic governance’ and ‘building pathways’. These are not intended as steps in a process but as a package, and therefore none is given priority in the presentation of this report.

First, where there exist ‘market failures’ and ‘system failures’ (Unruh, 2000; Foxon et al., 2005; DTI, 2003; DfT, 2007; HM Government, 2009), such as those that manifestly characterise the multiple challenges of sustainability, there are a series of established functions for government in ‘enabling markets’. Many conventional measures can be applied in a focused fashion such as to facilitate more radical forms of system-level change. Here, familiar instruments like public procurement, tax breaks, pollution charges, investment incentives, product standards, emission regulations, information provision and capacity building can all play vital roles. But they will need adjustment in the light of the transformative aims - and supplementing with additional measures to stimulate innovation among users, communities and non-commercial organisations such as local authorities, as well as the traditional focus on business. Whilst these will often lie under the more direct authority of other Departments of Government, the interlinked nature of the challenges and Defra’s leadership responsibilities underscore a central catalysing and co-ordinating role for it in new patterns of cross-governmental partnership.

Second, there are the responsibilities of ‘strategic governance’. This refers to capacities that Government itself will need to create, augment and extend if it is successfully to steer purposive system-level transformations. Again, there exists here an array of quite familiar functions, like those of horizon scanning, research evaluation, technology assessment, extended foresight, strategic intelligence, public engagement and ‘the intelligent customer’. But again, the ambitions of TI require that these faculties be integrated and enhanced in a number of new ways. The main point of departure is one of escaping from exclusive preoccupations with incremental changes in directions favoured by incumbent interests. The focus should shift instead to wider varieties of ‘stakeholder’ and more diverse options for radical change. It is only in this way, that Government may facilitate the building of legitimacy for visions of a scope and ambition commensurate with the scale of the current policy imperatives. 

Third, there is a more innovative (at least in the UK) task for Government in ‘building pathways’. This will take as a starting point the outcomes of measures for facilitating visions discussed above. And it will involve articulating the many instruments for ‘enabling markets’ discussed before that. However the distinctive challenge here is one of deliberately constructing trajectories for technologies and institutions, such as to realise these ambitious overarching social visions. Within any given sector (such as agriculture, fisheries, sustainable consumption or flood management) it is unlikely that there will emerge any single definitive configuration for TI. Instead there will typically emerge a repertoire of pathways from small scale niches, through market penetration and infrastructure transformation. This is where there arise many concrete lessons from the Dutch ‘transitions management’ experience, which will be reviewed.

Having summarised in this section the general need for transformative innovation (TI), and why Defra has benefits to gain and key roles to play, the remaining sections of this report set out an independent, academic view on: 

· TI as a process of ‘socio-technical transitions’ that can be guided by policy; 

· diverse perspectives on TI, from within and outside Government; 

· how Government can enable TI through ‘building pathways’, ‘enabling markets’ and ‘strategic governance’; and 

· proposals for Defra to take a leading role through institutional changes.

2. What exactly is transformative innovation?
This Section tackles four issues: 

· how to distinguish transformative innovation (TI) from ‘incremental’, ‘radical’ and other forms of innovation; 

· the need for a ‘socio-technical’ perspective on TI; 

· TI as a process of transitions that address socio-technical lock-in; and 

· how this translates into specific challenges for governance and can inform the application of policy instruments.

2.1 Distinguishing transformative innovation

Freeman and Perez (1988) distinguish four kinds of innovations. First, ‘incremental innovations’ occur more or less continuously in any industry to improve price and performance. Second, ‘radical innovations’ are discontinuous events, which are unevenly distributed over sectors and over time. Whenever they occur they are important as the potential springboard for the growth of new markets, and for the surges of new investment associated with booms. They often involve a combined product, process and organisational innovation. Third, ‘changes of technology system’ - transformative innovations - are far-reaching changes in technology, affecting several branches of the economy, as well as giving rise to entirely new sectors (e.g. mass urban transportation). They are based on a combination of radical and incremental innovations, together with organisational and managerial innovations affecting more than one or a few firms. Last, changes in the ‘techno-economic paradigm’ are even more far-reaching and affect the entire economy. 

System-level or 'transformative' innovations can be distinguished from 'radical' innovations in that while the latter disrupt existing technical competences, the former also involve substantial changes in markets and linkages with users. Radical innovation underlies arguments for ‘clean technology’ (Ashford, 1991), ‘industrial ecology’ (Ayres, 2004) and the argument that strict regulation can induce ‘green innovation’ and also improve commercial competitiveness (Porter and van der Linde, 1995a; Aldersgate Group, 2008). TI is distinguished from these agendas in Box 3.

Transformative innovations are not bits of hardware that are inserted into existing systems - rather they precipitate further innovation among users. This can be seen in the explosion in distributed innovation around internet-related applications. Examples here include changes to control systems (as facilitated by communications technologies), organisational practices (like moves from hierarchical to networked collaboration), infrastructure management (such as those enabled by computing technologies), environmental monitoring (pushed by advances in remote sensing), manipulation techniques (as in genomics) or materials production (such as those made possible by modern industrial chemistry and, potentially, by nanotechnology). 

Box 3. TI compared to ‘clean’, ‘green’ innovation and industrial ecology
Innovation has long been recognised as central to delivering sustainable development (OECD, 1972). Debates in the wake of the Club of Rome’s 1972 report on the Limits to Growth pointed to the roles innovation might play in improving human well-being within environmental constraints. However, it was not until the late 1980s that significant attention was given to moving beyond end-of-pipe measures for controlling contamination and looking to cleaner technology solutions. ‘Cleaner technologies’ were those where ecological design was integral to the production process or end product, and thus sought to eliminate contamination at source in a resource-efficient way. A broader, ‘green innovation’ perspective looked beyond technological devices to include changes to management systems, business models and product service concepts with the same aims in mind (Howes at al, 1997). Michael Porter and Claas van der Linde (1995a,b) argued the accompanying resource productivities would boost firm competitiveness, and so make sustainable development good for both the economy and the environment.

Of course, ‘cleaner’ and ‘greener’ are relative terms, and it is possible to include incremental innovations in this category, so long as they deliver some environmental improvement. ‘Industrial ecology’ urges more radical innovation in products and services. It calls for designers to learn from ecosystems in order to become greener. In practice, this means careful attention to material and energy flows and the potential of industrial reorganisation to create closed loops and conceive cradle-to-grave improvements (Ayres and Simonis, 1994).

The ‘win-win’ opportunities identified by Porter and van der Linde might lead one to expect to see an increasing flow of greener innovation, and a growing number of firms developing strategies to become part of greener industries. Whilst some evidence confirms this view, other evidence suggests some difficult trade-offs remain. Research identifies various barriers to greener innovation even where win-win opportunities do exist. These barriers include cognitive, social, institutional, and market barriers. Case studies often find it is regulatory or policy pressure that forces target businesses and customers to look for compliant solutions, and which thereby empower greener innovators (Clayton et al., 1999). But not all of these barriers are readily removed by responses to any internalisation of environmental externalities, upon which ‘the Porter hypothesis’ rests. These barriers interact. They also operate beyond specific firms or organisations, and so are not easily remedied by individual businesses or customers. Innovation system (Lundvall, 1992) approaches help here, by looking at the institutionally-embedded and interconnected processes that create successful innovations. These include knowledge networks, skills and capabilities, capital flows, norms and routines, market structure, and so forth. Analysis identifies the institutional changes that can help green innovation systems and make it easier for firms and customers to adopt behaviours that are more sustainable (Weber and Hemmelskamp, 2005).

Despite this succession of broader perspectives - from end-of-pipe to greener innovation, and from industrial ecology to greening innovation systems - the focus remains largely upon ‘radical’ innovations to individual goods and services. A greened innovation system may produce more eco-efficient products or services, or even enable industry clusters to develop more closed-loop processes. But the relative improvements they deliver can be undermined by absolute increases in consumption. Nor do they address the need for step-jumps in performance that imply changes at the level of entire socio-technical systems. These ‘system innovations’, such as transformative innovations that overhaul food systems or waste systems, involve purposeful changes in technology systems, and even transformations in prevailing techno-economic paradigms (Smith et al., 2005). As such, TI takes an even broader view than earlier perspectives on innovation and the environment, making it far more ambitious and posing even greater governance challenges.

Although they may be incremental in relation to the precursor technologies in the field of origin, the cumulative effect of transformative innovations can often be highly radical for the technological systems into which they are introduced - as is the case (at least potentially) in many of the examples given above. Either way, 'system level' innovations share with radical innovations originating within a particular sector, the property of being only poorly understood or represented by established groups of 'stakeholders' in the sector concerned. Further, TI ‘involves substantive risky investments by its champions, conflicts between emergent and incumbent actors, and reconfiguring traditional sectoral and policy boundaries.’ (Steward, 2008, p. 15).

2.2 Socio-technical change

Transformative innovations are multi-actor processes. This not only denotes interactions between actors within a societal group (e.g. industry, user group, scientific community, policy community), but also interactions between societal groups. A range of societal groups or stakeholders is involved in system innovations, such as firms, suppliers, universities and knowledge institutes, public authorities, public interest groups and users. Their activities create and maintain elements of socio-technical systems. The societal groups have their own perceptions of the future, values, preferences, strategies, and resources (money, knowledge and contacts, for example). Although these societal groups have some degree of autonomy, they are also related to and inter-penetrate each other (Stankiewicz, 1992). 

In order to be successful, the activities of these actors must be aligned to some degree. It is this alignment that gives socio-technical systems their stability and a recognisable state or form. Of course, innovations still take place within stable systems, but they are usually of an incremental nature, leading to continuous trajectories in technical development, policies, infrastructures and the evolution of demand. As long as these trajectories are aligned, socio-technical systems remain stable. This stability is not the result of an overarching rationality or force by an all-powerful actor. Instead, it is the emergent outcome of the diverse activities of many actors. Stability need not be harmonious. There may be tensions and conflicts of opinion about a range of matters, such as which problems should be prioritised, which directions are most promising, and how resources should be allocated. When these tensions become pressing, a system may lose its stability, creating opportunities for change. From historical studies of technology and society it is known that system changes, or transitions, have frequently occurred in the past (Tarr, 1981; Correljé and Verbong, 2004; Belz, 2004; Geels, 2005a, 2005b, 2006). These studies highlight the importance of a number of innovation processes, particularly in the early stages of a transition.


These insights also have implications for the kinds of policy instruments that are considered in response to sustainability challenges. Economic instruments such as taxes, certificate trading and R&D subsidies currently dominate. While these instruments are important for socio-technical transitions, innovation studies’ suggest the need for additional policies that are related to networks, community building, visions, experiments and learning. These ‘socio-technical’ approaches (Box 4) refrain from simple policy recipes. Instead, they highlight co-evolution, multi-dimensionality, complexity and multi-actor processes. They suggest that constellations of policy instruments should vary, depending on specific challenges, opportunities and problems encountered in sectors, technologies and social networks. While this message may be more challenging for policy makers who hope for silver bullet solutions, a deeper understanding of socio-technical dynamics can provide policy makers (and other actors) with a more solid base for policy interventions.

2.3 Lock-in and the dynamics of transitions

Incumbent actors generally tend to favour incremental innovation and systems improvement. This ‘lock-in’ is the result of a host of mechanisms that promote stability and resistance to change (Walker, 2000; Unruh, 2000). These mechanisms are reviewed below.

· Capabilities. The innovation activities of incumbents are constrained by existing capabilities and knowledge (Dosi, 1982; Nelson and Winter, 1982), which channel technical developments in restricted subsets of the possible directions (Kemp et al., 1998; Elzen et al., 2005). Innovative activities and investments are also constrained by existing beliefs and perceptions, routines and habits.

· Economics. Existing technologies tend to be cheaper in the short run because they have benefited from long periods of dynamic increasing returns (e.g. learning by doing and using, scale economies and positive network externalities). This puts them in advantageous positions compared with novel practices (Arthur, 1989; Dosi, 1982);

· Vested interests. Incumbents have sunk investments (in capital, competencies and social networks, for example) that they will try to protect. They therefore resist radical change that threatens them. Large, established industries may contain divisions and individuals with more radical ideas, but they are less often empowered to implement these if core business interests are thereby challenged.
· Politics and power. Incumbent businesses, regulators and others enjoy important positions in the current system. Economic power bestows considerable influence; they have voices that will be listened to by innovation policy processes (Smith et al., 2005). Innovators outside this nexus rely on future expectations to make their case. ‘Outsiders’ need not be small players, for example large information technology companies are outsider innovators in energy systems but have a potentially transformative role to play in a move to ‘smart grid’ technologies. However, ‘outsider’ innovators are often smaller players and are weakly organised. Whilst today’s shareholders, workers and customers can vote and exert influence in other ways, tomorrow’s stakeholders in more sustainable systems are not a recognisable constituency. 

· Infrastructure. Existing technological devices may be embedded in dedicated infrastructures that make their substitution with alternatives difficult (Jacobsson and Johnson, 2000).

· Institutions. Government regulations and subsidies, professional associations, and market rules have co-evolved as part of existing systems and tend to reinforce existing trajectories of development (Hughes, 1983; Walker, 2000).

· Market and consumer cultures. Prevailing market and social attitudes influence the kinds of technical performance deemed acceptable; whilst the business models, lifestyle norms and routines that are created around them can resist novel practices (Shove, 2003; Yearley, 1988).

In sum, there is a range of mechanisms through which societies collectively commit to certain socio-technical pathways rather than others (Geels, 2002). Systems that have become ‘locked-in’ to these trajectories are difficult to unsettle and re-direct. 
Intervening in and harnessing the dynamics of transitions for sustainability is about overcoming these lock-in processes, and creating momentum behind activities and innovations that seek to realise alternative, greener pathways. While transitions do not come about easily (because of the various lock-in mechanisms discussed above), history indicates that systems do transform over time. But these are difficult processes, and have rarely been deliberately accelerated for the purposes of a social goal (some exceptions are the abolition of slavery, nuclear disarmament, popular emancipation and improved sanitation).

The literature on socio-technical transitions shows that niches form crucial seedbeds (Geels, 2002; Smith et al., 2005; Geels and Schot, 2007; Schot and Geels, 2007). Niches shelter transformative innovations that challenge incumbent systems from mainstream market selection. These can be market niches, where atypical selection pressures and criteria favour the innovation, or technological niches, which are networks of projects where pioneers can experiment with innovations in real world contexts. Technological niches are often supported with public subsidies, regulatory exemptions, infrastructure provision or innovation oriented procurement policies. Some examples are distributed renewable energy projects, cycle-friendly town planning, eco-housing developments and urban food initiatives. 

Niches form protected spaces that facilitate learning and provide bridges across the ‘valley of death’ - the difficult phase between viable demonstration and widespread market diffusion of an innovation (Auerswald and Branscomb, 2003). The goal is to accumulate experience and support networks, and explore how these niches might adapt to become more mainstream systems. Transformative innovations often struggle to diffuse beyond the early niches and ‘demonstration’ situations because lock-in mechanisms stabilise existing systems. Sustainable innovations face diffusion barriers when they have a 'mis-match' with aspects of existing systems and regimes (Freeman and Perez, 1988).
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Figure 2. Multiple levels as a nested hierarchy (Geels, 2002)

Wider systems changes (resulting from the breakthrough of niche-innovations) usually depend on the confluence of processes at three levels illustrated in Figure 2: ‘niches’, ‘regimes’ and the ‘landscape’. 

1. Niche. Increasing internal momentum of niche-innovations (e.g. price / performance improvements, support from powerful groups, bandwagon effects)

2. Regime. Weakening of the existing system (regime) (e.g. increasing problems, tougher regulations, changes in market conditions, higher prices), which creates windows of opportunity. However, niche-innovations can only take advantage of these windows if they have sufficiently stabilised and gained some momentum.

3. Landscape. Changes in the broader societal landscape or external environment (e.g. environmental awareness, resource constraints, changing political ideologies) that create external pressures on existing systems/regimes. 

Transformative innovations (transitions or system changes) typically proceed through four phases (Rotmans et al., 2001):

1. A prolonged period of pre-development in niches. Experimentation, learning, network building, and the development of guiding visions are important processes in this phase.

2. Take-off due to accumulating momentum.

3. Conflict with the existing system and breakthrough: this is a multi-dimensional struggle on economic, political, institutional, cognitive and infrastructural dimensions.

4. Stabilisation of a new system.

The challenge for deliberate, purposive transitions to sustainability is that multiple ‘green’ niches exist, each with its advocates making various claims and promises. System change does not only come about by the overthrow of existing systems. Other transition pathways are the endogenous transformation of existing systems (e.g. up-scaling or reorientation in ‘green’ directions), or reconfigurations where promising niche-innovations are adopted and incorporated in existing systems (Smith et al., 2005; Geels and Schot, 2007). While this creates promising variety, it also creates uncertainty about the appraisal and social choice among pathways. 

Green transformation can thus be achieved through a variety of transition pathways. There are various contrasting trajectories along which systems and technologies may progress (Dosi and Labini, 2007). Not all directions, however, are intrinsically feasible or contextually viable (Freeman, 1974; Christensen, 1997; Perez, 2002). Different scientific disciplines and powerful industrial interests back progress along alternative paths, and commit to niches that fulfil those interest-based pathways. Selective social commitments realise only a restricted subset of the diverging potentialities (Williams and Edge, 1996). Those alternatives that benefit from early support may ‘lock-in’ or ‘crowd out’ others, even if they later turn out not to have held such promise. Assertive early expectations over which pathway will be followed can be self-fulfilling. Investors, suppliers, regulators and customers will often ‘pick winners’ on the grounds of perceived inevitability, rather than judgements of superiority, let alone questions of social progress. Expectations can thus be self-reinforcing, foreclosing even what all agree to offer preferable long-run options (Stirling, 2009c). 

Under this richer understanding, incumbent interests can be seen to exercise a degree of ‘autonomy’ (Winner, 1977) in their capacity to condition their own ‘selection environments’ (Nelson 1993; Lundvall, 1992). This can involve various kinds of ‘capture’ (Sabatier, 1975) and ‘entrapment’ (Walker, 2000) of ostensibly neutral (or even supposedly contending) social actors. These kinds of process have repeatedly been established to shape the direction taken by innovation, in areas like nuclear infrastructures (Walker, 1999), fossil fuels (Unruh, 2000), automobile motoring (Geels, 2007), industrial chemicals (Ashford, 1994), genetic modification (van den Bergh and Holley, 2002), cigarette manufacture (Kessler, 2001), food additives (Millstone, 1986), pharmaceuticals (Abraham, 1995) and military systems (Kaldor, 1981). So chosen pathways often reflect the needs, preferences, values and interests of rather restricted social groups (Pool, 1999).

As processes of evolution unfold, so pathways encountered earlier are ‘closed down’, but other possibilities are ‘opened up’ (Stirling, 2008, 2009b). In this way, (whether deliberately, blindly or unconsciously) societies ‘choose’ certain possible orientations for technological change rather than others (Collingridge, 1982). Although special interests tend to advocate particular ‘green’ transition paths, society faces a variety of possible pathways to sustainability. The full potential of all viable directions cannot, however, be fully realised. With scarce resources, choices have to be made. 

2.4 Governance challenges and policy mechanisms
Market mechanisms have many attractions as vehicles for policy delivery. However ‘the market’ is an abstraction: it is social actors who make decisions (Scrase and MacKerron, 2009). Competition and price incentives are necessary but insufficient to bring about TI. Over the longer term Government can and does affect the size and composition of the economy, and the composition is vitally important if the aim is a transition to a sustainable economy.

The aim now is not to reverse liberalisation, but to better enable markets and govern innovation towards successful attainment of specific, democratically legitimate policy goals. UK experience with liberalised markets, for example in the energy sector, has revealed some shortcomings that need to be overcome. This experience shows that where competition itself is made the over-riding goal, market players can act in ways that make meeting other policy goals very difficult. Moreover by creating competitive markets governments do not in fact disengage from ‘picking winners’ and determining how energy markets evolve. In practice government has continued to ‘pick winners’, both directly and indirectly (see e.g. Watson J., 2009).

A general TI policy strategy must have two central characteristics. On the one hand, pressure on existing, unsustainable regimes should be increased. This can be done with financial instruments (e.g. an externality tax or tradable permits) and regulations (e.g. supplier obligations and environmental standards). On the other hand, radical innovations should be stimulated to emerge in niches. This requires more specific governance policies, e.g. subsidies for experimentation, network management to enrol the right actors in the niche, and the development of guiding visions and future expectations (e.g. Rotmans et al., 2001; Hoogma et al., 2002). Variety in innovation needs to be stimulated and guided.

This general strategy can be further refined. Different kinds of policies are needed in the different phases and levels of transitions discussed in Section 2.3 above. In the first two phases leading to ‘take off’ policies at the niche level are needed to stimulate experimentation, learning, network building and vision building. At the same time, regulatory and financial instruments are needed to put pressure on the established, unsustainable regime in question. This pressure need not be very strong until the novelties have been improved sufficiently in niches (stabilised design, substantial improvements in price and performance). In the third and fourth phases, the system innovation gains momentum and goals become clearer. Policies such as regulations and adoption subsidies are then needed to push the new technology. Wide diffusion also requires adjustments in the socio-technical regime such as new infrastructures and maintenance networks. Policies are needed for adjustment and structural change. At the same time, impacts of the new technology need to be monitored and, as more is learned about them, adjustments to policies are needed. Figure 3 schematically represents how policy instruments can be situated in different phases and levels of transitions.
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Figure 3: Different transition policies in different phases (Geels, 2002: 363)

The positioning of policy instruments in Figure 3 is ideal-typical and based on theory. The importance and precise mix of instruments may vary between domains and over time. Scientific understanding has not progressed far enough to make robust, general conclusions about the ‘best’ mix of instruments in different domains, times and countries. This multi-level perspective on transitions and the role of policy interventions in TI dynamics is illustrated in Figure 4, with the case of wind energy. This is a stylised, generic example drawing on experience in several countries. While not wholly unique, the history of wind power in each country has been different. None was in practice shaped by a single coherent TI strategy as suggested by the ideal-typical policy measures in Figure 3.
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Figure 4. Multi-level pressures and policies in the development of wind energy
Because this is a general framework strategy, there is variation between countries in concrete implementation. Transition policies are new and ‘in the making’: there is no ‘one best way’. Although many countries recognise the importance of systemic transitions to deal with the sustainability challenge (see Section 3), they have different policy styles and emphasise particular aspects rather than others. The Netherlands, for instance, follows a bottom-up approach called ‘transition management’ which focuses on niche-innovation, guiding visions, learning-by-doing and dedicated transition ‘platforms’ (see Box 5 below) or networks. But the effectiveness of this approach has been hampered by the lack of complementary policies that address destabilising existing regimes. The UK, on the other hand, tends to prefer market-based instruments to apply pressure to the prevailing (unsustainable) regime. But their policies for the promotion and nurturing of new sustainable niches appear to be less developed (Geels et al., 2008).

3. Perspectives on transformative innovation

Recognition of the threat of climate change, and the consequent need to transform energy systems, has been a major factor in a noticeable increase in interest in transformative innovation (TI) in recent years. Think tanks (Steward, 2008; Willis et al., 2007; Leach and Scoones, 2006), public commissions (e.g. CEMEP, 2007; Jackson, 2009; RCEP, 2008) and funding bodies (e.g. NESTA) have begun to produce reports and initiatives that are translating aspirations into real proposals and progress. Just as the sustainability problems it seeks to address are global, interest in TI extends around the world, and involves major industries.

In 2005, for example, the International Energy Agency convened a workshop on ‘Transforming Our Energy Future’ (IEA, 2005). Government agencies were joined by representatives of Rio Tinto, BP and Batelle to discuss ‘pathways to transformational breakthroughs in energy’. There is a major debate in the US on the governance challenges of finding and implementing ideas that have potential to transform existing systems of provision (Philips, 2007). In 2007 the US National Research Foundation made a change to its intellectual merit review criteria, to encourage research with ‘the capacity to revolutionise existing fields, create new subfields, cause paradigm shifts, support discovery, and lead to radically new technologies.’ (NSF, 2007).

There is growing interest in transformative innovation at the European level, with the European Commission’s DG Research taking an active interest through its conferences (European Commission, 2009). The OECD has initiated a European expert network on ‘fostering innovation to address social challenges’ (OECD, 2009).  Within Europe the discourse has developed most fully in the Netherlands in the form of ‘transition management’, which is described in Box 5 (see also Rotmans et al., 2001; Loorbach et al., 2008; Kemp et al., 2007; van den Bergh and Bruinsma, 2008). The Dutch experience provides a rich source of lessons, many of which inform our conclusions and suggestions in Sections 4 and 5 below. For additional and critical perspectives on transition management see also, Hendriks (2008), Rotmans and Kemp (2008), Kern and Smith (2008), Lehtonen and Kern (2009), Smith and Kern (2009) and Scrase and Smith (2009).

Other European governments have acknowledged the transformative nature of the sustainability challenge. For example the Federal Government of Austria considers that: ‘The transition to sustainable development cannot be limited to individual and gradual improvements, but rather requires a fundamental reorientation in politics, society and economy that comprises all areas of life...’ (Federal Government of Austria, 2002, pp. 11-12). The Belgian Federal Planning Bureau’s 2008-12 sustainable development strategy states: ‘A transition is necessary in order to make our current society evolve towards a desired society in 2050, where all objectives [of sustainable development] are met. A transition may be defined as ‘a social structural evolution, across many phases, resulting in transformations that mutually influence and reinforce each other’ (Geels et al., 2008). 


In the UK, as in the US and the Netherlands, there has been a renewed interest in TI, with the strongest focus on low carbon transitions in the energy and transport fields. For example in 2007 the UK’s Technology Strategy Board launched a Low Carbon Vehicles Innovation Platform, which ‘coordinates Government support mechanisms for technology development within the wider market transformation context of the Low Carbon Transport Innovation Strategy.’ (HM Government 2008, p.11). The economic recession and the creation of the UK Department of Energy and Climate Change (and the merging of BERR and DIUS) have prompted the UK Government to approach low carbon energy transitions as an industrial strategy challenge (HM Government, 2009a,b). Ambitious, system-level thinking and initiatives are now replacing the earlier emphasis on short-run efficiency in energy markets. Defra has played a key role in this new thinking by co-chairing the Commission on Environmental Performance and Markets (CEMEP, 2007), and in developing the UK Government’s response to it (HM Government, 2008).

Defra’s first Evidence and Innovation Strategy (Defra, 2003) made no mention of radical or transformative innovation. In 2004, however, Defra’s Evidence and Innovation stream recognised that: ‘the delivery of sustainability and environmental improvement mean that we need to consider system-level innovation as well as incremental improvements, working with industry and others.’ (Defra, 2004, p. 14). It continues: ‘we must break the link between continued economic growth and increasing use of resources and environmental impacts… a series of fundamental shifts are needed to sustainable energy systems, renewable materials, sustainable mobility and eco-efficient products and processes. Achieving these shifts will depend critically on the international use of science and technology and innovation, and on a much better understanding of how social and political processes and economic incentives can best deliver change.’ (Defra, 2004, p. 26).

In 2005 Defra consulted on its Evidence and Innovation Strategy 2005-08 (Defra, 2005). The Office of Science and Innovation (2006) Science Review of Defra noted that a ‘top-down’ and multidisciplinary approach to looking at how to obtain the evidence and innovation required…’ was adopted. The resulting E&IS for 2005-08 (Defra, 2006) emphasised the need for Defra to engage with evidence providers and ‘knowledge brokers’ (p. 15), but gave little emphasis to engaging others in innovation or developing policy to support it. The strategy set out five aims, four of which relate solely to evidence. The fifth was to ‘enable all areas of Defra to address innovation in their policy approaches.’ 

This reflected a recognition that: ‘To achieve our “one planet living” mission we require the capability to scope, appraise and enable major step-change innovation in relation to a wide range of issues.’ (Defra, 2006, p. 16). A rather less ambitious role was specified for Government, however: to ‘help identify - with stakeholders - potential goals and targets; introduce policy instruments and other measures to overcome barriers or market failures; and promote sustainable innovation through its own activities, such as public procurement…’ (Defra, 2006, p. 16). Defra, however, sought to ‘continue to develop our understanding of the drivers for innovation and potential policy approaches to delivering both radical and incremental innovation.’ (Defra, 2006, p. 17).

In its Science and Innovation Investment Framework 2004-2014, HM Treasury et al. (2004) set out challenges to the governance of innovation that Defra’s E&IS needs to address more fully: ‘…efforts will be focused on enabling public fora where the ethical, health, safety and environmental impact of new science and technologies can be debated. The Government wants constructive, inclusive and open public debate and dialogue on these issues, so that the public can be satisfied that science and technology is being developed responsibly and responsively, and that their concerns are being addressed. To do this, the Government will work to move the debate forward - beyond simplistic notions of the public being ignorant of science, or being either pro-science or anti-science; and beyond crude notions of a particular technology being either ‘good’ or ‘bad’. The Government will also work to enable the debate to take place ‘upstream’ in the scientific and technological development process, and not ‘downstream’ where technologies are waiting to be exploited but may be held back by public scepticism brought about through poor engagement and dialogue on issues of concern.’ (HM Treasury et al. 2004, p. 105).

The Cabinet Office has begun to tap into ideas for innovation coming from the front line in the delivery of public services, through its Innovators Council initiative. The Department for Business, Innovation and Skills has also grasped some of the implications of TI for its remit. BIS aims to ‘make sure that Britain is the best place in the world to run an innovative business or service … [by] boosting and focusing investment in innovation in areas where the UK has strength and potential future competitive advantage’ (HM Government, 2009b). BIS’ roles in regional development, enterprise support and industrial strategy will be instrumental in any agenda for TI. BIS also inherited functions from DIUS, which was set up as ‘a champion for innovation across the board’, with a ‘responsibility for driving innovation’ focusing on skills (education), science and technology, intellectual property and ‘supporting evidence-based policy making across Government’ (DIUS, 2008a, p. 18). 

DIUS’ 2008 Innovation Nation report set out the need for a ‘systemic approach’ to the UK ‘innovation system’ and set out the aim to ‘unlock and harness the talent, energy and imagination of all individuals…’ (DIUS, 2008a, p.8). DIUS notes: ‘Innovation also happens through the creation and growth of new firms; this is an essential ingredient of disruptive innovations that transform or create markets and provides the rationale for Government supporting the establishment and growth of smaller firms, as set out in the BERR Enterprise Strategy’ (DIUS, 2008a, p. 33). While recognising a need for ‘long term systemic innovation to shift entire infrastructures of provision’, its engagement was mainly with the ‘transformational government’ agenda of reforming public service delivery, rather than a TI agenda per se. 

The crucial issue arising in considering these policy aims is that BIS champions innovation that will contribute to national prosperity - often emphasising particular directions for innovation favoured by powerful established industrial interests. The Defra agenda is distinctive in that the primary focus is on long-term sustainability. And of course Defra has a distinct responsibility in transforming innovation for food and farming, sustainable production and consumption, climate adaptation, water and waste management and biodiversity protection. Thus there is no shortage of good intent around TI, and a growing body of evidence about the opportunities and challenges it represents. However there are some clear limitations to current activity in relation to the definition of TI set out in Section 2 and in terms of moving from rhetoric to action. Sections 4 and 5 below consider how the agenda can be taken forward within Defra’s Evidence Investment Strategy. The focus here is mainly on initiatives that can be taken at the national level, but transformative innovations are international in nature, and resources and networks for it should be developed internationally. Some opportunities to do so at the European level are noted above and in the suggestions for change that follow.

4. Towards transformative institutions 

Policy making for deliberate transformative innovation is multifaceted, because of the socio-technical nature of systemic change, discussed in section 2. This section draws conclusions on the roles government can play, focusing on three inter-related sets of activities: ‘building pathways’, ‘’enabling markets’ and ‘strategic governance’. ‘Building pathways’ addresses activities that relate to the build-up of social networks that carry socio-technical trajectories and the capabilities, knowledge, beliefs and visions that provide direction to actors’ activities. ‘Enabling markets’ discusses policies that affect economic frame conditions and commercial opportunities. Strategic governance’, addresses broader activities related to political will and the organisation of social appraisal. This includes capacities such as foresight, systems level thinking and deliberation necessary in making choices among possible pathways. Lastly the section suggests how progress in these activities can be defined and evaluated.

4.1 Building pathways.

Transformative innovation (TI) in ‘green’ directions involves: (i) the weakening of existing socio-technical systems and (ii) the creation of momentum behind promising niche-innovations. These interacting developments may then result in the endogenous transformation of existing systems, the substitution of existing systems by new technologies and practices, or reconfiguration by creating new combinations of old and new innovations or ‘translating’ niche experiences into existing systems (Smith, 2007).

Path building thus implies attending to the processes that resulted in unsustainable lock-in, and harnessing activities that counter those processes and lend momentum to transformative innovations instead. Both of these relate back to the various lock-in mechanisms discussed in Section 2.2. While R&D activities and price signals are important for building pathways, the various lock-in mechanisms imply that they are not sufficient. A systemic response is required that considers the multi-faceted lock-in challenges in the round. Recalling the list of lock-in mechanisms set out in Section 2.3, path building consequently suggests a repertoire of activities as follows.

Capability building, competence development and learning. The points below explain why these are important for various actors involved in TI.

· The resource-based view of the firm (Barney et al., 2001) and the innovation system approach (Lundvall, 1992) emphasise the build-up of technical knowledge and competences, not only through R&D activities, but also through prototyping, troubleshooting and up-scaling to develop applied technical knowledge. These processes can be supported with subsidies, university research and practical demonstration projects.

· The marketing literature also highlights competences in finding out what customers want and opening up new markets. Lynn et al. (1996) suggest that firms simultaneously explore radical innovations and new markets through a ‘probe and learn process’: ‘These companies developed their products by probing initial markets with early versions of the products, learning from the probes, and probing again. In effect, they ran series of market experiments, introducing prototypes into a variety of market segments’ (Lynn et al., 1996, p. 15). ‘Probing and learning is an iterative process. The firms enter an initial market with an early version of the product, learn from the experience, modify the product and marketing approach based on what they learned, and then try again. Development of a discontinuous innovation becomes a process of successive approximation, probing and learning again and again’ (Lynn et al., 1996, p. 19). Policy makers can stimulate this process by nurturing technical niches, e.g. by providing partial subsidies to experimental projects with real-life users (see the literature on strategic niche management, e.g. Schot and Geels, 2007).

· The organisation and management literature (Pavitt, 1990) emphasises that the development of new product-market combinations often also requires organisational competences that relate to the pioneering of new business models, reorganisation of business divisions, and changes in habits and routines. NESTA (2006) have explored ways in which policy can better address such ‘hidden’ innovation.

· Transformative innovations may also require policy learning and new policy-specific competencies (Bennet and Howlett, 1992). The introduction of new instruments (such as cap-and-trade systems) may require the creation of new policy departments, staffed by people who understand and can monitor them. New competencies may also be developed if new policy styles are called for and adopted, e.g. more public engagement, deliberation and open-ended exploration of different transition pathways.

· Certain transformative innovations may also require consumers to develop new competencies. Transitions towards more decentralised systems, for instance, involve new responsibilities and tasks for citizens and customers. Social and behavioural innovation is therefore also important (Martiskainen and Watson, 2009; NESTA, 2006).

Dynamic financial supports. To overcome economic lock-in mechanisms, policy makers can develop lead markets, for example through adoption subsidies or public procurement, that allow transformative innovations to benefit from economies of scale, learning by doing, and network externalities. Policy makers can also underwrite economic uncertainties associated with departing from existing systems, and institutionalise positive feedbacks for more sustainable activities (e.g. redistributing subsidies and resources away from trunk road systems, and towards light rail alternatives).

Stimulating infrastructure provision. To overcome infrastructure lock-in mechanisms (and thus create level playing fields for various technologies) investments may be needed in infrastructures that support and enable sustainable innovations and pathways, and that are flexible enough to adapt and further facilitate the evolution of sustainable systems (e.g. smart grids for electricity, food waste recycling infrastructure).

Working with incumbents and ‘outsiders’. To address resistance from interests vested in unsustainable systems it is important to engage incumbent actors in TI and large, well financed ‘outsider’ innovators. If they become interested in new opportunities, they may commit their substantial resources and capabilities to develop and commercialise ‘green’ innovations. This would create momentum behind niche-innovations and enable transition pathways to move from pre-development to take-off phases. There is a tension, however, since the innovation literature shows that most radical innovations come from less established pioneers. The challenge thus is to enable productive combinations between outsiders and incumbents, where the latter do not overshadow the former, thus stifling the radical aspects of TI. A lot of intermediary work is thus required to bring them together in ways that permit mutual learning and appropriation of viable sustainable practices. Box 6 discusses how eco-housing pioneers have engaged with mainstream builders to translate ideas between niches and the housing regime.

Dynamic institutions. Policy reforms may be needed to overcome regulatory and institutional lock-in mechanisms. Institutions may need to be adjusted to be more open towards TI (e.g. timetable the revision of technical standards in ways that track performance in leading sustainable niches, facilitate engagements between incumbent institutional actors and the norms and values prevailing in sustainable niches). Such reforms include learning processes and competence development, but also negotiations with other sectoral departments. Redistribution of resources and support schemes will also include inevitable power struggles and coalition building.

Behaviour change. To overcome behavioural and lifestyle lock-ins, information campaigns and adoption subsidies have a role to play. But changes in lifestyles will probably also require support for social and community-level innovation (Walker et al., 2007; Walker and Devine-Wright, 2008). Public engagement is also important to create support for TI and the legitimacy for widespread changes that will affect and involve everybody. 

‘Building pathways’ means accepting that societies can and do make choices about their futures, and that policy makers have a responsibility to ensure this is achieved through a robust political process that includes a broad range of stakeholders, not just narrow special interests. This requires strategic governance capabilities (see section 4.3) that enable the opening up of a multitude of apparently closed technical decisions and assertion of a wider diversity of public values and interests.

An interesting example of deliberate and goal-oriented path-building policies is the Dutch experience with ‘transition management’ (see Box 5). This was first announced in their Fourth National Environmental Policy Plan, and subsequently elaborated by a cross-departmental effort that instituted transformative innovation for sustainable development (Kemp et al., 2007). They have created a series of multi-stakeholder arenas which debate sustainable socio-technical visions, devise pathways through techniques like backcasting, and channel resources into niche experiments that explore real world potential. The fundamental aim with these pragmatic activities is to learn more about socio-technical dynamics, including tensions in the regime and landscape developments  


that can provide opportunities. The objective is to draw on this experience and press for institutional reforms that will permit the most promising niches and pathways to flourish.

A critical thread throughout the Dutch experience, and attempts elsewhere, is the building up of competences and networks that enable pathways to be envisaged and realised. Whilst there is much to commend the Dutch experience - e.g. the creation of a Competence Centre for practitioner reflection - the extent of the networks behind their transition experiments could be broader. Understandably, policy-makers turned to established networks when initiating their ideas. But this has led to a degree of capture by incumbent actors (Smith and Kern, 2009). As a result, transition policy remains quite technical, and draws on a narrow base of support. There is not yet widespread public awareness, let alone powerful political support, that will become crucial to the mainstreaming of the niche demonstration projects. Nor has there been much support for more radical, heterodox ideas and innovations, such as from grassroots innovators or environmental NGOs. 

In sum, path building for TI is partly about instrumental functions such as competence building, learning, network building, technology development and market creation. But some of the processes discussed above also highlight the importance of highly political choices and public engagements. The selection of niches, the unsettling of powerful regimes, and negotiations between antagonistic niche and regime constituencies are clearly political. Lower levels of government can help connect with citizens and smaller enterprises. The transition challenge is too pervasive and disruptive to be left to elite specialists alone; path building needs to build up widespread consent and support. This means thinking beyond the specific business opportunities that will be afforded, and arguing for the societies to which citizens aspire. It means empowering grassroots innovators and local sustainability coalitions, and working with community leaders to understand what forms of change process work locally. This is in addition to making the business case with established firms, trade associations and unions, and convincing them that their interests lie in the new pathways.
4.2 Enabling markets

A strongly-held view is that ‘free markets’ should select between various innovations - government should not interfere with this, and should not attempt to pick technological ‘winners’. While this view is applicable to incremental innovations with stable economic framing conditions, it is less relevant for radical innovations and new systems. Firstly, radical innovations cannot immediately compete in mainstream markets, because they initially have higher costs and lower performance. For that reason, they emerge in sheltered niches. Secondly, there is often no ‘level playing field’, because infrastructures, policies and user practices tend to be aligned with the existing technology. This means that picking winners happens by default and cannot be avoided (Watson J., 2009). With regard to future developments the issue is whether to attempt to be deliberate and strategic with respect to broad societal goals, or to narrowly emphasise competition and short-term wealth generation. Thirdly, markets are often weakly established for radical innovations and new systems, so need to be strengthened, both through government policies and ‘probe and learn’ processes. Markets may in effect have to be created, both for the public good concerned and for specific innovations that can contribute in the foreseeable future, or that have wider transformative potential. While governments cannot create viable markets at will, various policies can help at formative stages to shape or enable markets in important ways. Some suggestions follow.

Technological niche creation policies. Governments can create technological or market niches that shelter radical innovations from mainstream market selection, and provide space for nurturing and learning (Schot, 1998; Geels, 2004; Rip and Kemp, 1998; Smith, 2007). The government can set up or subsidise demonstration programmes where business, policy makers, local authorities, individuals, communities and social movements (or new partnerships among them) can experiment with and learn about green technologies and novel applications. These programmes provide space for learning processes on multiple dimensions (technology, markets, infrastructure, cultural meaning, policy), network building, and the exploration of green transition visions. Box 7 explores how car clubs can act as niche spaces in which learning can take place about innovations such as electric vehicles.
Experimental culture. Because the focus is on experimentation and open-ended learning, niche policies may require a cultural change such that a lack of immediate economic ‘success’ need not be deemed a policy failure. In that vein, the 2006 Stern Review emphasised that: ‘Technological failures can still create valuable knowledge’. In one sense the UK efforts to develop indigenous wind turbine technology were a failure, in contrast to the Danish wind energy programme. However the UK programme provided many of the engineers and managers involved with important skill sets. These skills enabled them to take leading positions in the wind energy consultancies and developers that emerged in the UK after privatisation of the electricity system. These more diffuse and longer-term benefits are often overlooked in assessments of ‘failed’ technology development initiatives.

Procurement and market niche creation policies. Government can build market niches or lead markets through ‘green’ and transformative procurement policies. This will only be effective if procurement policies ask for particular kinds of (green) performance besides low costs.

Taxes and fiscal policies. Governments can stimulate ‘green’ markets by providing tax breaks, fiscal exemptions, investment incentives, subsidies and ‘seed money’. Such policies help to create economic opportunities, which in turn may attract the entrepreneurs, pioneers, and venture capitalists who are ultimately needed to develop and commercialise transformative innovations.

Regulations. The government can also influence markets with regulations, which forbid certain products or processes (‘command and control’) or stipulate certain performance standards (e.g. emissions or product standards) that leave the choice for specific options open to firms and other stakeholders. ‘Technology forcing’ regulations set performance standards so high that they cannot be met with existing technologies, and therefore require radical innovations (Gerard and Lave, 2005). Such regulations face a dilemma. On the one hand such regulations push systemic transformations along. On the other hand, they may lead to antagonistic struggles with firms and industries, which may ultimately delay green transitions. 



Market intelligence. To reduce market uncertainties in transitions, governments can fulfil market intelligence functions such as information provision, road mapping exercises and technology foresight programmes. Such activities may provide guidance to private actors and influence the direction of transitions by shaping expectations.

In sum, various public policies can influence economic frame conditions and shape emerging transition paths. Additionally, governments can facilitate transitions by addressing the broader structures (the socio-technical regimes and landscapes) in which niches are embedded (discussed in section 2.3). If transitions are to be successful, then these higher-level structures and processes must also be addressed (Elzen et al., 2005). Box 8 provides an example of ways in which these multi-level dynamics have played out in the enablement of organic food markets.
4.3 Strategic governance

This subsection addresses how to make more explicit and robust the role for guidance by deliberate public policy. As noted above, political choices have to be made, so a robust political discourse is needed. This may mean creation of new institutions, for example for ‘social intelligence gathering’ and ‘provision of ongoing opportunities for public and expert reflection and debate’ (RCEP, 2008, p. 73). Proposals for Defra to take a lead through specific initiatives and institutional changes are presented in Section 5. In this sub-section some generic challenges are set out, relating to: (i) participation in innovation systems; (ii) participation in innovation policy-making and politics; and (iii) the nature of policy advice and decision making. Box 9 illustrates one aspect of strategic governance for TI using the example of nanomaterials - considering both ‘upstream’ and ‘downstream’ innovation. Box 10 highlights some pitfalls that may be faced in efforts towards strategic governance, using the waste electronics (WEEE) Directive as an example.

The first challenge relates to the allocation of policy attention and traction for social, organisational and behavioural innovation. The emphasis in policy has been firmly on scientific and technology development, reflecting a narrow definition of innovation as technical advance in artefacts (NESTA, 2006). Defined more broadly as ‘new ideas that work’, social innovations such as new business models or behaviours enter the frame. Innovations here may include providing an efficient service in place of selling more goods. Car sharing arrangements, community and not-for profit initiatives such as grassroots recycling schemes may afford lessons and models with as much transformative potential as specific technical artefacts. 

As in fields of science and technology more narrowly, it is vital for government to be active in identifying and nurturing diversity. Much activity and interaction is needed to generate a few good ideas. Identifying potentially transformative innovations and enabling a diverse portfolio of these to grow in protected niches serves multiple purposes (Stirling, 2007b). Diversity: 

· keeps options open, thereby mitigating risks of unsustainable lock-in;

· broadens choice, such that technologies can be applied in more context-sensitive ways;

· helps hedge uncertainty and ignorance - our choices will have unforeseen consequences (both positive and negative) and diversity enables us more easily to change tracks if necessary;

· helps accommodate plurality of values and interests - people can contribute to and benefit from diverse innovation in disparate ways; and

· stimulates further innovation through competition, complementarity and cross-fertilisation of ideas.

While there is a requirement for clarity of purpose with respect to desirable outcomes (or pathways), so is there also a premium on maintaining flexibility in the means used, both in terms of technologies and policies. Greater oversight of innovation is needed so that Government can become a more 'intelligent customer’: less promising niche technologies cannot be supported indefinitely, and when transformative potential becomes a real prospect the emphasis may have to shift to diffusing the innovation, i.e. investment. Care is needed to balance the tensions between long-term stability in investment frameworks with capacity for short-term adaptation and experimentation.

The key considerations are: learning from setbacks as well as successes; encouraging openness so that lessons are shared (e.g. by encouraging open-source and user innovation); and removing barriers to entry and to receiving policy support. While some technical options will need closely tailored support (rewards for using certain inputs), in general rewards should be targeted at an innovation’s potential to overcome system failures, stimulate learning and deliver outcomes in novel and effective ways. In this there is a need for sensitivity to scale and to different innovative groups’ capacities and constraints. 

The second generic challenge relates to participation in developing and administering innovation policy. Established business interests usually have very good market understanding and technical knowledge, and therefore are rightly given an important say in innovation policy, for example through the Technology Strategy Board. However, in the UK large incumbent firms are effectively obliged to act in the interests of their shareholders and so to protect their return on existing investments, which may be central to the unsustainable socio-technical regime that policy is seeking to transform. Therefore the need for incumbents to have a voice is accompanied by a need for tighter constraints on the political traction available to self-interested resistance to transformative change. 

Policy should enable radical, entrepreneurial actors to have better chances of success, but not all ideas brought forward will be good, and not all can be supported. Incumbents have a vital role in influencing decisions, but there is a need to balance their legitimate concerns, experience and influence with the energy and radical imaginations of social and industrial entrepreneurs. These may not be immediately visible to national policy makers. Central government can be remote and inaccessible to many sustainability innovators, who are often better connected with local and regional level government bodies. Central government could make better use of intelligence at these subordinate levels, and provide them with the resources and authority to help these people.


The third general challenge relates to pressures for democratic legitimacy, and political and economic authority, in driving transformative innovations. This raises the crucial multifaceted issues of public engagement - themes that are already much discussed in policy debate. Here - following discussion in a recent BIS report (Stirling, 2009b) - it is helpful to distinguish between three quite distinct rationales for public engagement in policy making for TI (Fiorino, 1989, US National Research Council, 1996)

Perhaps foremost among the reasons for interest in public engagement, are the imperatives of democracy (Fischer, 1990). By their nature, transformative innovations affect the lives of many, many people and involve them in change, which thereby requires a democratic element. Crucial here are what Defra has already recognised as ‘increasing aspirations towards public accountability and democratic control of the direction of development of science and technology.’ (Defra, 2004 section 5.6) This challenge is especially salient with deep system-level shifts in technological pathways. As noted above - in areas like biotechnology, chemicals, urban planning and energy - these can raise powerful political issues around social choices, contending interests and divergent values. There typically exist at any given moment a diversity of possible modalities for TI. It will not be possible equally to commit to all. Political decisions must be made, whose legitimacy and robustness will partly depend on the underlying depth of understanding of the particular values and interests at stake. Processes of public dialogue provide means to clarify and deliberate these. 
A second rationale for public engagement in TI concerns the robustness of evidence, rather than political legitimacy. It is well recognised by bodies such as the House of Lords (2000), the European Commission Expert Group on Science and Governance (2007), the Royal Commission on Environmental Pollution (2008), BIS (DIUS, 2008) and Defra (2004) as well as corporations like Unilever (Grove-White et al., 2000) and scientific institutions like the Royal Society (2004), the Wellcome Trust and the Research Councils (2008), that broad engagement at the earliest stages in an innovation process can help gather diverse relevant experience and knowledges, and so provide early notice of opportunities and advance warnings of possible problems. This is because public engagement extends attention and questioning beyond specific specialist disciplines, to include relevant users, consumers, workers or local communities. Specialist expertise remains essential, but is typically not sufficient. This knowledge-gathering and social learning role of public engagement is thus a way to help ensure that the orientation of anticipated TI is as robust as possible (European Environment Agency, 2001).

The final role for public engagement in strategic governance of TI is more instrumental. As noted above, many of the most important and promising possible step jumps involve significant changes in consumer behaviour, organisational practices and citizen and institutional values. In order to achieve this, it is crucial to achieve a strong level of public awareness and understanding of the issues and options at stake - and go beyond this to build large-scale political mobilisation behind the necessities and possibilities for change. This is true, for instance concerning established patterns of water and energy use, as well as mobility and consumption (Jackson, 2009). Institutions for public deliberation provide a means better to understand the conditions under which this can be achieved - engaging with stakeholders in harnessing the energy and commitment of already-mobilised public constituencies in order to inform, motivate and enthuse others. 


Of course, none of these roles for public engagement on TI detract from the necessity that decisions rest with Ministers and other democratically accountable representatives. Here, the crucial point is that policy recommendations arising from engagement - just like science advice - should not unduly restrict the options they consider. Rather than aiming at ‘closing down’ around single prescriptive recommendations, approaches to engagement like open space, deliberative mapping, interactive modelling, multicriteria mapping, scenario workshops and dissensus groups instead transparently ‘open up’ implications of different possible choices. They explore ways in which alternative viable directions for science and technology appear favourable under contrasting assumptions, conditions or perspectives. They offer richly detailed information concerning interactions between options, values and knowledges. The resulting ‘plural and conditional’ recommendations provide a more authentic reflection of the irreducible political complexities. Such recommendations are ‘plural’ because, whilst ruling out some, they outline a range of potentially justifiable actions. They are ‘conditional’ because each recommendation is qualified by associated values, assumptions or contexts. These offer ways to maximise the value of public engagement in establishing legitimacy, robustness and mobilisation alike (Stirling, 2008). 

There is already a visible shift in Government to greater use of new institutions that orchestrate deliberations and inform politics (and the public, media etc.) with plural and conditional advice. Examples include the Monetary Policy Committee, Sustainable Development Commission and the Committee on Climate Change. In the next section, this report will make some suggestions for how Defra can build on this experience, in order to achieve more effective institutional provision for fostering TI across the wide range of sectors and arenas in which it is engaged. 

4.4 Evaluating progress

The proposals that follow in Section 5 are suggested as means to move towards a situation in which Defra is playing a lead role within UK Government and international networks in realising the potential of government to catalyse the kinds of transformative innovation required by current global environmental imperatives. Conventional evaluation of progress in terms of ‘inputs’ and ‘outputs’, whilst not to be avoided, may not be the most appropriate way to develop such a novel, complex and pervasively transformative undertaking. Much of the emphasis in this report is on building vibrant networks of actors, which inevitably complicates conventional notions of policy accountability. Hierarchical accountability structures can struggle to keep pace with the initiatives and resource commitments generated by more fluid policy networks. Nevertheless it is vital that any initiatives are kept under review and are conducted in an open and accountable manner.

In the end, the overarching measure of success concerns progress towards the fundamental sustainability goals, such as carbon reduction, food security and ecosystem resilience). But this needs to be set in the context of intermediate measures of the development of the TI itself, as well as reflexive monitoring of the quality of the processes supporting TI. Evaluations here are likely to contain a strong qualitative element, with their robustness and legitimacy depending on open and inclusive processes and institutions charged with prior appraisal and retrospective evaluation.

Candidate process-based measures might address: the cohesiveness or contention between different TI pathways; monitoring of actor networks coalescing around different TI initiatives; reviewing of learning and dissemination; assessing the inclusiveness and transparency of the TI process; the extent of resource mobilisation through the process; and reflecting on the ways in which the framing of the TI problem is renegotiated in the light of experience. Whatever specific measures and overall set are chosen, the underlying aim is to characterise the quality of the processes supporting TI and to learn how this can be improved.

Input and output measures relating to the performance of specific innovation ‘platforms’ will also be needed. Measures against environmental goals and price / performance criteria are relevant here. Special emphasis should also be given to measures indicating how much learning is generated, even by poorly performing innovations. Monitoring should track how this learning informs subsequent activities. In addition, monitoring is needed to track the development of the socio-technical configurations involved, e.g. the numbers of projects occurring, the growth in investment, the development of markets, the variety of actors involved in the configuration, the institutional alignments and bottle-necks, facilitating regulations, infrastructure developments, the emergence of training programmes and qualifications, and tensions and opportunities afforded by incumbent practices.

Given the uncertainties and contingencies involved in TI, any monitoring and feedback scheme will need to be open to scrutiny and adaptation in the light of experience. Deliberative and inclusive processes can make sure that evaluations are empirically robust and valuable.

5. Defra responsibilities and opportunities 

As Section 1 demonstrated, there is a strong case for Defra taking the leading role in promoting TI. This is because of the pressing challenges Defra faces, its unique perspective, experience and networks, and the potential for TI to contribute to solutions. This Section discusses what might emerge from this as a specific Defra role and contribution. As outlined in Section 3, this role would be in conjunction with, but distinctive to, that of the Department of Business, Innovation and Skills. It is also distinct from recent efforts to improve the delivery of public services advanced under the ‘transformational government’ agenda, and through the Treasury’s Innovators Council initiative.

5.1 Initial suggestions for change
As a starting point, Defra could take steps to lead the TI agenda by example, taking initiatives within sectors falling within its remit. A logical first step would be to commission a series of socio-technical analyses of these systems of provision (see also section 2.2). These studies would firstly analyze existing systems, focusing on the socio-technical dynamics or inertia in markets and consumer cultures, institutions / regulations, technologies, industry dynamics, infrastructures, economics and environmental problems (see also section 2.3). Are these dimensions converging or diverging? Is there relative stability between dimensions, or tensions and windows of opportunity for larger change in these systems? Secondly, these studies would identify and analyse diverse niche innovations with transformative potential in terms of meeting Defra’s PSAs. These studies would identify the main bottlenecks and drivers of niche innovations, e.g. low price / performance, lack of market demand, absence of a level playing field, uncertainty about future markets or environmental impact, and lack of infrastructure or complementary technologies. Thirdly, these studies would analyze the dimensions and specific ways in which niche innovations can link up with problems or developments in existing systems, and what policy measures can facilitate this. The key differences with traditional R&D support are the need to address social innovation (not just technologies), and in the degree to which efforts are geared towards policy, social and technological learning. 

Other intelligence gathering exercises will be needed, including learning from international experience. The deliberate guidance and facilitation of transformative innovations and transitions to sustainability is a major new policy challenge to address sustainability problems of the 21st century. Because deliberate transition policies are new and 'in the making', there is no single recipe. Although many countries recognise the challenge, they must pioneer their own approaches and policies. This is to be expected, because of the novelty of the challenge and the differences in national policy styles. But it also means that countries can, to a certain degree, learn from each other's experiences. We therefore propose that DEFRA should convene an international workshop on transformative innovation and green transitions to share emerging thinking, review national experiences and identify opportunities for future collaboration and joint initiatives. This kind of international policy coordination could accelerate policy learning and the development of robust policies. Given the levels of prior interest documented in this report, there may be opportunities for Defra to collaborate with the European Commission DG Research and the OECD in organising international networking of this kind.

The key task for Defra, then, is one of fostering ‘learning by doing’ within its own remit - a process in which niches are created, landscape pressures modified and systemic barriers are identified and challenged. Investigating the potential for transformative innovation and initiating strategic niche management efforts within its own remit are likely to reveal the extent to which wider institutional changes are necessary, such as changes in regulations, property rights, incentive structures and organisational remits. For example competition laws often prevent use of public funds to support innovations that would take significant business away from established market players. Such institutional barriers are not unassailable, but Defra is unlikely to be able to call effectively for such changes on its own. Cross departmental efforts to bring about change may then be revealed as necessary, highlighting two crucial further roles for Defra.

(i)
To become a champion for TI within Government, in an effort to secure commitment of other key Departments, including the Treasury. Lessons can be learned from the Dutch Environment Ministry’s successful efforts to integrate transition management policies across Government. 

(ii)
To become a facilitator of specific transformative innovations in the sectors in which it plays a lead.

5.2 Challenge and oversight

Further specific options for change are set out below in terms of the three principal themes addressed throughout this report: ‘strategic governance’, ‘building pathways’ and ‘enabling markets’. In order to help provide coherent focus and purpose (and independent scrutiny and challenge) of these three key strands of activity, we propose Defra should establish under Nolan rules a new advisory body – perhaps in the model of (and associated with) the Science Advisory Council (SAC). Initially located within the Evidence Programme, this ‘Transformative Innovation Board’ might share some cross-membership and support services with SAC and would also report through the Chief Scientist Advisor to the Defra Management Board. Ideally, it would also link closely through cross-memberships or ex officio positions with BIS, the Technology Strategy Board, NESTA, ScienceWise, the Government Office of Science and the Cabinet Office. 

Unlike the SAC, this Board would emphasise external expertise and experience in areas such as social behaviour, organisational strategy, research policy, technology strategy, citizen mobilisation, system engineering, finance markets and strategic management. Starting with sectors identified as lead areas, sub-groups could form with further specialist, seconded expertise around specific transformative innovation pathways. The remit would be to help strengthen the integration and efficacy of the three strands of Defra activity around ‘strategic governance’, ‘building pathways’ and ‘enabling markets’ discussed below. The Board could also play a key role in monitoring progress with TI initiatives (see Section 4.4 above).

5.3 Detailed proposals for institutional change

Finally, a series of more detailed proposals for institutional change are set out, under the three themes of strategic governance, building pathways and enabling markets.

5.3.1 Strategic governance

A number of features of past experience and existing capabilities help position Defra for the challenges of strategic governance of transformative innovation. As discussed in Section 4 of this report, what is required is to move a step further than current ‘evidence and innovation’ activities towards establishing social robustness and public legitimacy for possible transformative innovations, and building political vision for particular pathways. These aims hinge in turn on achieving the necessary qualities of public engagement and active support. 

To these ends, existing engagements within the ‘Defra family’ aimed at establishing successively more integrated, comprehensive and coherently prioritised ‘Evidence and Innovation Strategies’ can be extended through a novel programme of wider ‘Public Dialogue for Transformative Innovation’. Working closely with the BIS ‘Sciencewise’ Expert Resource Centre, this new Programme of activity would also incorporate valuable positive experience in Defra with broad stakeholder deliberation in the pioneering ‘Sustainable Farming and Food Research Priorities Group’. 

In a phased process of development, this new Programme would extend the scope and depth of existing deliberation around evidence and innovation in Defra. An initial phase and continuing strand in this public participation and wider civil society involvement would help gather relevant knowledges and experience beyond narrow specialist disciplines - and so help identify more robust innovation trajectories and establish wider legitimacy. A key task here would be, in the words of the Royal Commission on Environmental Pollution: ‘to find the means through which civil society can engage with the social, political and ethical dimensions of science-based technologies, and democratise their ‘license to operate’. [This is] a challenge of moving beyond the governance of risk to the governance of innovation.’ (RCEP, 2008, para. 4.85). 

In a second phase, stakeholders and entrepreneurs would be engaged to help strengthen strategic visions around particular pathways, thus helping to inform and consolidate high-level political vision and commitment. This involves extending these activities with leading champions among business, media, local government, further and higher education and civil society partners. Here, experience in areas like the Waste Action Plan shows that ‘snowballing’ of engagement initiatives and their close

interlinkage with wider communications activities can help build public mobilisation in crucial areas involving behaviour and value change.

5.3.2 Building pathways 

A second key novel governmental function in the fostering of TI across the many sectors in which Defra plays a lead role lies in the deliberate nurturing and extension (throughout relevant business, Government, local and regional authorities and wider civil society) of the capacities and capabilities associated with the building of transition pathways (discussed in Section 4.1). One model here would involve the establishment (in partnership with BIS and possibly NESTA and the Technology Strategy Board), of a networked ‘Competence Centre for Transformative Innovation’. 

Taking a lead from the outputs of the ‘Strategic Governance’ initiatives discussed above, this largely ‘virtual’ body would be formed around a ‘champion’ position within the Defra’s Evidence Programme. Working with the Chief Scientific Advisor, senior economist and senior social scientists, this position would build on existing Defra networks to strengthen links with and between entrepreneurial stakeholders in all sectors engaged in what have been identified by the strategic governance measures (above) as the most promising and radical options for TI. Among the specific initial initiatives here might be included: a web-based roster and one-stop-shop ‘wiki’ forum for expertise and practitioners in key ‘bottleneck’ areas; formation of further and higher education networks around learning and recruitment strategies for strategic competences; and the organising of associated ‘agenda setting’ conferences, ‘extension’ workshops and mentoring partnerships. 

A key feature of this responsibility will be the management of diverse portfolios of initiatives. Individual phased initiatives could be built around particular transformative innovation pathways or Transformation Platforms (see Box 5), focusing on the creation of niches, the fostering of portfolio learning across emergent contexts and development of strategies for ‘breakthrough’ into new mass markets. Policy for TI would see government as an important facilitator for platforms. But it is important to note that networks often already exist with similar purposes in mind. These include networks of community groups promoting and doing local sustainable energy projects, and business networks coordinating developments and lobbying for their favoured greener technologies. Policy for Transformation Platforms has to tap into these local and international networks.

5.3.3 Enabling markets

In addition to its role in overall ‘challenge and oversight’, the proposed Transformative Innovation Board could play a key role in overseeing market enablement initiatives such as the proposed Transformation Platforms. Again building on established Defra experience, there are a number of quite familiar kinds of intervention that can be extended to help facilitate markets for transformative innovation across different sectors. These include a closer and stronger engagement through the Management Board and Defra Ministers with the Cabinet Office, Treasury and Government Chief Scientist’s Group to identify strategic targets for ‘joined up’ cross-departmental design of policy. 

With UK Government faced with demanding policy imperatives like those discussed in Section 1, there is a clear rationale for greater strategic integration of fiscal, regulatory and technology policy instruments like tax breaks, pollution charges, investment incentives, procurement programmes, product standards, emission regulations, information provision and capacity building. This would require the establishment of a new, or newly invigorated cross-departmental function (perhaps related to that of the existing Technology Strategy Board). Initially, Defra can build on the initiatives mentioned above to help champion the necessity for this institutional innovation. 

A further dimension that Defra can bring to these cross-departmental agendas, is - for the specific areas identified by ‘strategic governance’ and ‘’building pathways’ activities as focal areas for transformative innovations - the facilitation of enrolment of key competences in areas of entrepreneurship, venture capital, market intelligence, engineering and design. This in turn helps document and profile the potential scale and importance of establishing the UK as a ‘lead market’ for these innovations (Jacob and Beise, 2005) and thus help create a virtuous circle in building favourable conditions and expectations that foster this end. Likewise, partnerships with small and large business and regional development authorities in key strategic areas - for instance in the establishment of ‘incubator’ initiatives - can help achieve requisite levels of momentum. An explicit Defra role could be a significant confidence-building and network-enabling factor.

This Report has documented the global imperatives for transformative innovation across existing social and technological infrastructures. It has explored some of the key implications and surveyed diverse evidence and perspectives on the possible policy responses. It is by taking concrete practical steps along the lines suggested in this final Section, that DEFRA could come to play a lead role within UK Government and international networks in realising the potential of government to catalyse and enable the necessary forms of transformative innovation.
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Box 10:  Pitfalls in strategic governance. 


  	   The Waste Electrical and Electronic Equipment Directive.





The 2002 Waste Electrical and Electronic Equipment (WEEE) Directive of the European Union is interesting because it illustrates why policy interventions that are intended to catalyse transformative innovation may need to go well beyond the creation of regulations designed to apply pressure on an incumbent technological regime. 





The WEEE Directive has two purposes. The primary purpose is to create incentives for producers of electronic equipment to create products with longer-life spans, that are easier to repair and disassemble, that use reusable components and that contain less complex materials and components. It attempts to do this by holding producers liable for the economic costs of managing their products at their end of life, via the concept of Extended Producer Responsibility, in most cases via a take back system. The producer is expected to respond by reducing their waste handling costs by redesigning their products. The second purpose of the WEEE Directive is to create a regime for the collection, treatment, and recovery of electronic waste.





Although the WEEE Directive was touted as a means to catalyse more sustainable forms of product innovation in the electronics sector, the evidence indicates that it has so far failed to achieve that goal (Hagelskjær and Jørgensen, 2007). Instead, the Directive has had the effect of creating a waste handling system with different fractions of waste divided into re-usable products, materials to be re-cycled, and a fraction of waste to be treated in accordance with national regulations (Jofre and Morioka, 2005). The total amount of waste electronics is still growing rapidly, and an increasing fraction of this is exported from European countries to developing countries given the ability to reclassify waste as recycled and reused products. Essentially, responsibility for waste handling and classification in the electronics sector was re-organised.





From the perspective of transformative innovation, the WEEE initiative was based on a top-down regulatory scheme that was predominantly focused on creating a new waste management regime. It did not engage actors in industry at other levels, or attempt to align actors and agendas in the product development chain. The heterogeneity of both electronic products and the industrial structure and supply lines confounded the presumption that, by making the ultimate producer responsible for the waste handling costs, the producer would be able to align other players in a common agenda resulting in redesigned and more sustainable products.





Box 8. Enabling the organic food market





Although output growth from the existing food regime has been substantial, this growth is widely recognized as unsustainable. In the UK, it is the major source of greenhouse gases, it is responsible for significant loss of biodiversity, it produces large amounts of waste, it is water intensive, and it delivers a diet which is a major factor in key preventable causes of ill-health and premature death through excess consumption of fat, sugar, salt, and calories. Globally, the problems are more complex still (Cabinet Office 2008).





The shape and nature of a more sustainable food regime is contested, but it would need to feed everyone healthily and equitably, meet issues of availability, affordability and accessibility, and be ecologically sound and resilient, able to withstand environmental, economic or social stresses and shocks. As the Cabinet Office (2008) recognizes, the sustainability challenges are such that a ‘transformation’ of the UK’s food system will be required, involving unprecedented step-changes in the ways in which we grow, process, distribute and consume food. Relying on the incumbent food regime to innovate may not be sufficient. As with other regimes, it is a powerful source of path dependency, creating incentives for incremental innovations only. 





The history of organic food production, and the transformative innovations it has engendered, illustrates well the importance of niches as important sources of innovative ideas and practices. It also illustrates some of the challenges involved in transforming the food regime (Smith 2006). Initially organic practices diverged radically from the mainstream food system. Decentralised systems of production, distribution, and consumption were the original goal. The organic farm is idealised as a cyclical system embedded in its environment, supplying fresh food for local consumption. This contrasts vividly with the spatially dislocated, high-input system of conventional food production.





The development of the organic niche in the United Kingdom began with an organic vision promoted by activists in the post-war period, and put into practice by pioneering organic producers supplying a small market. Advocates were trying to demonstrate the superior performance of their niche practice, but the self-defined criteria for the niche pioneers (nutrition and soil health) were ‘out of synch’ with established agricultural criteria of yields, inputs and costs. Organic innovators had to contend with a series of challenges, ranging from the need to refine production techniques, the absence of marketing networks, lack of standards, lack of policy support, and the relatively low political profile of organic production. Since the early 1990s these niche activities have seen significant growth. Considerable learning by organic innovators enabled the development of organic production along technical, market and political lines.  





[continues over]








Box 5. Transition management and ‘platforms’ in the Netherlands





In 2001 the Dutch government announced in its Fourth National Environmental Policy Plan that structural changes to the ways society meets its needs would be necessary to solve persistent environmental problems such as climate change. The plan recognises that such change comes about through ‘long drawn-out transformation processes comprising technological, economic, socio-cultural and institutional changes’ (VROM, 2001, p. 30).





To work towards this goal Dutch policy makers adopted a ‘transition management’ model (Rotmans et al., 2001). The starting point is clarifying ambitions for future sustainable systems, fleshed out in an intensive scenario studies. The government then initiated stakeholder consultation processes to identify vital elements of sustainable systems. The government then set up ‘transition platforms’, in which business and NGO stakeholders, researchers and government officials come together to deliberate about technological options, regulatory changes and barriers to innovation. 





‘Transition platforms’ are not just networks of actors discussing policy, nor multi-partner demonstration projects. Though platforms may involve both these things, the principal purposes are to nurture niches, enable markets and enrol commitments to building pathways. Multi-partner networks that constitute each platform are dedicated to the creation of a succession of real world experiments whose exemplary success (and failure) generates lessons for subsequent changes needed to build a pathway to sustainability. The platforms have also to mobilise resources for investment in subsequent experiments, and develop the business case for future potential. They have to mobilise support and develop advocacy coalitions. Platforms also identify and argue for the institutional reforms that will help their niches flourish. As such, transition platforms have to do cognitive, social, economic and political work.





In the energy field, for example, Dutch ‘transition platforms’ developed strategic visions for 2030, such as making biomass account for 30 per cent of the total final energy consumption. Backcasting exercises then identified possible pathways to achieve these goals (VROM, 2003; EZ, 2004). To explore these pathways further coalitions of stakeholders are now conducting concrete experiments to facilitate learning. Experiments include using residual heat from industry in the Rotterdam Harbour District to provide a residential area with heat; trial projects with micro heat and power units in households; and a project aimed at cutting lifecycle energy use in paper production by 50 per cent. 





To be eligible for government funding these projects have to be part of a ‘certified’ transition path, and must have explicit learning goals for each of the stakeholders involved (EZ, 2004, p. 29). This reflects the underlying transition management theory, which ‘strongly emphasises the importance of formulating explicit learning goals for transition experiments’ (van de Kerkhof and Wieczorek, 2005, p. 734). In theory, the specific results of a transition experiment may be less important than the lessons learned. The decisive question is: ‘What have we learned and obtained, and how do we continue from there?’ (Rotmans et al., 2001b, p. 24).





Some text above adapted from Lehtonen and Kern (2009).





Box 7. Niches as spaces for learning. The example of car clubs.





Adopting a socio-technical perspective broadens considerations in innovation policy beyond the usual concerns over economic viability and technical practicality of a device. 


It adds concern for institutions, social values, cultural meanings and supportive infrastructures - the contexts in which a technology is used or innovative practice takes place.


 


Electric vehicles may be taken as an example. Hee, a TI approach might focus on car clubs as a space for real world development. Car clubs have certain ‘niche’ qualities that create a forgiving environment for experimentation and learning about moves towards electric cars. The clubs have dedicated parking bays, so only a limited number of charge points are needed. The cars tend to be used on shorter trips around town so battery life is less of an issue, while the clubs’ booking systems and monitoring means data is available on patterns of use for verification. The greener minded customer base typical of car clubs might be more sympathetic lead users of electric vehicles, and willing to report on their experience. Moreover, car clubs have dedicated maintenance teams to service the cars, and who can be involved in monitoring and checking the performance of novel battery prototypes and drive systems in the electric vehicles. 





Particular cities may be well placed to enable markets for electic vehicles for example if they have multiple car clubs, willing political leadership, and proximity to vehicle designers. There may then be a wider market in car club systems for other cities. These niches might then attract additional resources to see how to branch out to other forms of (mainstream, individual) car ownership and use - exploring future potential.





Truly transformative innovation has to generate deeper lessons from niche experimentation, relating to the longer term goal of building alternative pathways to radically more sustainable systems. In this case, those deeper lessons will be about the difficulties and opportunities encountered in a wide-scale mobility system built around electric vehicle concepts, and how policy and market development might overcome these. It might be that shared ownership or leasing of serviced vehicles is attractive as a model for scaling-up. But these niches have also to provide reference points for debating just how sustainable a solution this actually will be - especially the concomitant need to decarbonise the electricity system. In this respect, any initiative will need wide representation from vehicle designers, automobile manufacturers, components manufacturers (e.g. batteries, drive trains), infrastructure providers, drivers associations, local and national policy-makers, pedestrian groups, and so on. The principal need in any niche configuration and process is to win the argument that this is a sustainable solution, demonstrate future promise to a growing range of constituencies, and mobilise commitments to further developments.





Box 4. Adopting a socio-technical perspective in innovation policy





Innovation policy has conventionally focused on the development of new technologies by firms, emphasising abstract analyses of technical performance and economic viability. More recently, innovation policy is closing the ‘innovation gap’ (NESTA, 2006) by broadening its perspective to include ‘social innovations’ like new services, business models and behaviours, and innovations that take place in neglected arenas such as local communities, the public and third sectors (NESTA, 2006; Seyfang and Smith, 2007). In every case, a large body of research recognises that it is the networked participation of a broad array of actors, and the contexts in which they interact, that make innovations ‘work’ successfully. A socio-technical perspective brings these concerns into focus.





For example food systems - the interconnected practices of food production, processing, retail and consumption - comprise both physical and social elements. These include plant-breeding techniques, harvesting technologies, animal husbandry, transport, food processing, agricultural policy, food retailing, shifting trends in food consumption, and prevailing attitudes towards the meaning and purpose of farming and food (Green at al, 2003). In the UK the existing food system is underpinned by a global supply industry. It provides abundant meat at low prices, fruit and vegetables are available all year round, and foodstuffs are sold in conveniently processed forms. 





People in the UK are accustomed to this food system, but it is not the only one possible. A socio-technical perspective directs attention to the evolving contexts in which transformative innovations need to work if they are to induce change (Rip and Kemp, 1998). It is not simply market prices or regulatory standards to which innovators respond, but also these broader dynamics and features of the food system. Innovations within the food system should not, therefore, be assessed on their local, immediate potential relative to prevailing practices. It is social processes operating in the context of the broader food system which present criteria against which these qualities are understood and judged as means for satisfying food consumption in the future (Yearley, 1988). Does the food innovation fit, for example, an emerging culture of convenience in food systems, or is it responding to a countervailing trend towards authenticity? How easily can distribution infrastructures accommodate the innovation? Or does the innovation imply transforming the way food reaches people?





In TI processes both specific innovations and the systems in which they operate are changing radically, and potentially become vastly more sustainable due to deliberate policy measures to those ends. The socio-technical perspective reveals the ambition and magnitude of this task, and detailed socio-technical studies (see Section 5.1 below) of particular systems are a necessary starting point when considering a TI agenda.





Box 1. Fisheries: incrementalism will deliver too little too late





The imperative for a transformation in the ways in which fisheries are exploited is overwhelming. Overfishing has systematically reduced fish stocks in almost all seas to the point where most of the world's commercially important fish species have now been fished to capacity or are depleted. In 2004, the Royal Commission on Environmental Pollution argued that ‘the situation is not only disastrous, but rapidly moving to catastrophic’ (RCEP, 2004, p.5). The Commission added that ‘in our view the situation is so serious that we need a radical solution; incrementalism will deliver too little too late.’ (RCEP, 2004, p.6) 





Step change improvements in the performance of fishing technologies, fisheries appraisal, policies, and organisational practices will be needed. These might include innovative conceptual approaches to managing fisheries, such as a shift from stock management to ecosystem management; policy innovations, such as the creation of large protected marine areas closed to commercial fishing; innovations in monitoring technologies; and new marketing and distribution innovations, such as the establishment of sustainability certification for individual fishing vessels, and the creation of direct supply chains between those vessels and large buyers of fish such as restaurants (e.g. Pisces RFR, 2009) and supermarkets.





Box 2. Waste: recycling, reuse and prevention.





The majority of UK waste is still goes into landfill. In 2007-8 England recycled or composted about 34% of municipal waste, whilst 11% was incinerated and the remaining 55% was diverted to landfill (Defra 2008). These recycling figures are considerably higher than those achieved a decade earlier, but several other European countries manage over 60% rates of recycling (Letsrecycle.com, 2009), and some municipalities in continental Europe and North America achieve levels of 75-80% (UK Zero Waste Alliance, 2006; Waste Management World, 2008). Many municipalities around the world have committed to achieving zero waste.





Incremental improvements in recycling and reuse rates are possible, prompted by appropriate fiscal policies and regulations. But difficulties in achieving further substantial and rapid improvements in levels of recycling and reuse, and especially in waste prevention, reflect the challenges of moving from one waste ‘regime’ to another (see Section 2.3 on ‘lock-in). The current waste system is essentially structured around disposal. For the incumbent organisations - large waste companies and waste disposal authorities - collection is seen as a contributory stream to strategies centered on disposal. Waste is still treated as waste, rather than as a resource for new industries. 





Intensive recycling and waste reduction depends on changing whole systems, i.e. on transformative innovation. Change has to be widely dispersed across household behaviours, collection, sorting and processing, materials technology, the expansion of secondary markets for recycled products, and product design. It requires skills in marketing, household and community interaction, logistics, materials quality control and orientation to the needs of material processors. Private waste firms, with a background in haulage, aggregates and large-scale utilities management, have not tried to restructure themselves around these skills, because this has not been in their financial interest. Nor is there any incentive for firms outside the incumbent sector, which do have the skills, to enter municipal recycling. Outsider firms and grassroots organisations lack the knowledge and assets to be players in disposal as well as collection.





Transforming the waste regime towards zero waste requires government to take a strategic, catalytic role. This goes beyond shifting the economic playing field in favour of recycling through fiscal changes, ‘producer responsibility’ regulations, and the like. In addition it requires a national waste agency taking a ‘system entrepreneur’ role (Murray, 1999) to: provide a shared strategic focus; support entrepreneurs from any and all sectors that have schemes to promote recycling and waste minimization; create networks among innovators; initiate new secondary material industries and technologies initiatives; and provide waste minimisation advisory services and development finance.











Box 8 (continued) 





Crucially, tensions in the mainstream food regime around food safety and animal welfare in the 1990s provided opportunities for these organic food protagonists to broaden the appeal of organic production, in the process shifting the criteria by which niche performance came to be interpreted. Biodiverse farms and fewer pesticide residues became performance criteria that were interpreted more positively; organic farming began to be seen as a business prospect rather than something to be ignored and dismissed.





At the same time, tensions over the sustainability of incumbent regime (including BSE, salmonella, foot and mouth disease, pesticide residues, battery farming, biodiversity loss) began also to affect mainstream perceptions of the organic niche. Policy support slowly accrued, which was important in enabling the development of the niche and for farmers in the incumbent regime to take up niche practices. For example, training began to be offered in agricultural colleges, modest amounts of public finance began to be made available to support research and policy was introduced to assist conversion to organic farming. These initiatives underscore the importance of government support, both for the niche activity itself, and for the exertion of pressure on (and support for) the incumbent regime to search more widely for solutions to their problems. 





Mainstream food businesses also began investing in the niche. Since many consumers were prepared to pay a high margin, the major food retailers began marketing organic food. As demand from supermarkets grew, international food processors began developing organic lines, and large farming business started converting into organic production. The larger players are more attuned to, and better able to meet, the convenience and cost demands of the incumbent food regime. The niche had created important sources of innovative ideas and practices, open to adoption and adaptation. By the 1990s, the integrity of the niche began to fracture between, on the one hand, an emergent organic industry engaging with mainstream food systems and, on the other hand, a network of growers, activists, and consumers trying to reinvigorate a niche more in tune with the early ideals of the organic movement. 





Mainstream involvement confronted the organic movement's ethos of supplying fresh, wholesome food through decentralised distribution networks linked closely to local mixed farming systems. Yet, mainstream entrants were selectively appropriating practices from a niche (which, increasingly, they were shaping) without requiring wider transformation of the incumbent food regime. Those attempting to reinvigorate the niche focused instead on community-based initiatives, such as direct-marketing (eg box schemes) and farmers markets, and on public procurement. Both supermarkets and box scheme suppliers claim to be pursuing sustainability, but the former produce niche products using organic ingredients (shipped around the world and sometimes highly processed), whilst the latter advocate niche transformation of food systems. The two are not necessarily incompatible; indeed niches may need to be both radical and reforming. Niches may need to contain elements that are able to be appropriated into the mainstream, whilst at the same time containing elements that maintain their status as advocates for more radical systems innovation. If this plurality is to be encouraged, policies to support a radical niche will need to be very different from policies aiming to translate niche lessons into the mainstream. A challenge for those involved in catalyzing purposeful transformation is to balance widespread approval of relatively moderate niche elements, alongside a desire for radical system innovation (Smith 2006).








Box 9. Strategic governance of emerging technologies - the case of nanomaterials.





At present, developers of nanomaterials and nanomaterial applications are seeking whatever potential user markets appear viable - a process that is not purposefully governed. Emerging technologies, such as nanomaterials, have potential to transform industrial production in both more sustainable and less sustainable directions (RCEP, 2008). Current UK policy efforts to purposefully influence the direction of nanomaterial innovation towards socially agreed goals are confined to ‘upstream’ initiatives such as the ‘Grand Challenges’ research funding programme and public engagement initiatives. 





A key strategic governance challenge for TI is to link these initiatives to other ‘downstream’ policy interventions (Nightingale et al., 2008). This is for two main reasons. First, as with many other emerging technologies, manufactured nanomaterials are not consumer products to be sold to the end-user. They are ‘capital’ products to be incorporated in other products manufactured by secondary firms in a wide variety of industries. Innovation therefore occurs at multiple sites, and commitments are as likely to be formed ‘downstream’ within user industries as they are at the research base where most of the ‘upstream’ initiatives have been targeted. Second, even if the research base creates nanomaterials applications that appear to offer superior environmental performance (e.g. nano-structured photovoltaic solar power devices, or electricity storage techniques), these may not, on their own, be able to impact the established developmental trajectory of the relevant technological system. Mechanisms of ‘lock-in’ (see Section 2.3) may not be overcome.





Taking the example of nanomaterial-enabled photovoltaic technologies, existing ‘upstream’ initiatives to support research and shape expectations should be complemented by downstream initiatives directed at the photovoltaic and energy industries, and at potential ‘user’ sectors such as housing. For example, there are potential roles for policy in: facilitating networking and knowledge flows between nanomaterial manufacturers and potential user-firms; providing grants to invest in the production capacity required; public procurement (e.g. street lighting or in government buildings) to encourage the formation of niche markets; and targeted regulations, such as a requirement for the incorporation of renewable energy technologies into certain kinds of future housing stock (Nightingale et al., 2008).





Box 6. Mainstreaming green practice: the example of eco-housing





Significant players in the construction industry are beginning to embrace green housing techniques. A number of taskforces have championed a variety of techniques and practices (Lovell, 2008). These include passive solar design, water recycling, on-site micro-renewables, household-level recycling infrastructure, material choices based upon ecological footprints, urban forms oriented to cycling and walking, and so on. These welcome developments provide an important step to the mainstreaming of some eco-housing principles and practices. However, looking at the history of eco-housing reveals how these initiatives build on a longer history of experimentation; which suggests a case for supporting similarly transformative ideas today (Smith, 2006b).





Many green building ideas and techniques were pioneered over 30 years ago by activists within the alternative technology movement. A few architectural schools (e.g. Cambridge, Hull, and the Architectural Association in London) provided bases for people to develop ideas and gave them space for practical experimentation. Public research programmes provided others with niche spaces for experimentation through research projects and demonstration programmes. Other early green builders worked in community housing refurbishment projects; taking advantage of public grants to experiment with a variety of technologies and techniques. Networks emerged to discuss the reports and publications they generated. In 1976, a TV programme called House of the Future anticipated today’s reality shows by following the progress of a family renovating their home using green building principles and technologies. Mainstream developer interest has been brief and intermittent, usually in the wake of energy crises, but otherwise the green building niche survived and operated in isolation for many years The bespoke projects that sustained it served as a repository of experience and practice, which has become a source of practical lessons and experience for mainstream actors as they come under more concerted pressure (e.g. UK plans for zero-carbon new homes) to transform housing sustainably.





Mainstreaming has happened only recently, and remains tentative (Smith, 2007). A new generation continues to apply and modify techniques developed earlier, as well as innovating new ones (e.g. novel building materials and techniques, like straw bale housing). In some cases, such as the celebrated Hockerton Housing Project, pioneering green builders (like the Vales) were involved in advisory capacities. New green builders also benefit from the availability of better technologies imported from countries where broader commitments to greener building have provided markets and space for improvements. The flow of ideas and practices is helped further when green builders engage with mainstream builders in specific projects. BedZED is an example in which a green architect (Bill Dunster) and a sustainability organisation (BioRegional), benefiting from a sympathetic social housing provider (Peabody Trust), were able to work with mainstream contractors (e.g. Arups) and share perspectives and lessons. These intermediary projects allow the mainstream to appropriate aspects of the project for use in subsequent projects and different contexts; whilst the green builder is able to better appreciate some of the constraints confronting volume housing providers, and consider how techniques might be adapted to those circumstances.
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