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Introduction

When I was invited to give the introductory talk at this conference, I was asked to set the scene for the next two days by running through some of the key issues preoccupying all those concerned with innovation policy, environmental policy and sustainable development, concentrating in particular on how innovation and environmental policy might be brought together to promote sustainable development.  Underpinning this was a desire to reorient innovation policy such that it could become an effective tool in the process of attaining sustainable development.  In effect, I was told that the main aim of the conference was to ask the question: “What can innovation policy and innovation policymakers do for sustainable development?”.

Any attempt to cover all this ground in detail would be doomed to failure in the time allocated for my talk.  I shall only attempt, therefore, to scratch the surface – leaving it to those who follow to dig deeper and unearth the real treasures.  In so doing I shall touch fleetingly upon the nature of innovation and innovation policy and what we know about the effectiveness of policy in this sphere.  I shall also do the same for environmental policy and environmental technology policy.  I shall then consider their interaction and some of the ways in which they can be beneficially combined, following the plot through to ask what innovation policy can do for sustainable development.  As a twist to the plot, however, I shall also ask: “What can environmental policy and sustainable development do for innovation?”.

Policy Spheres

To be sure that we’re all talking and thinking about the same things, I’m going to start with some simple clarifications and definitions.  For example, as the first Exhibit shows, I shall take innovation policy as a sub-set of industrial policy; the overlap between industrial policy and environmental policy as the domain of sustainable development policy; and the overlap with innovation policy as the area we are most concerned with in this conference.

Exhibit 1    Policy Spheres

It follows immediately from this diagram that some of the issues we should cover concern the relative size and position of these spheres, e.g. should environmental policy be a small adjunct to industrial policy?  Should innovation policy dominate industrial policy?  Can or should all of innovation policy be located within the sustainable development policy domain?  Should innovation policy dominate the sustainable development overlap? etc.

Hopefully we will return to some of these issues during the course of the conference, but let’s have the simple definitions first.  In terms of aims and objectives, we can take the aim of industrial policy to be the promotion of economic ‘well-being’, typically defined in terms of economic growth and the robustness of the economy as a whole.  Similarly, we can take environmental ‘well-being’ as the aim of environmental policy, with actions often resembling remedial rather than preventative medicine.  At the juncture of these two spheres, we can consider the aim of sustainable development to be the maximisation of environmental productivity and efficiency within economic production processes, i.e. producing more output from less material resources with the minimum amount of waste and pollution.

For innovation policy, however, a simple definition is less forthcoming, for the aim of innovation policy is not simply to promote more innovation, nor is it simply to promote economic growth.  Although innovation is one of the key drivers of modern economies, innovation policy has historically been applied only when the aim has been to achieve socially desirable externalities which would not, or could not, be achieved by the private sector alone in the absence of public policy interventions.  Frequently these externalities manifest themselves in terms of economic benefits, and innovation policy does then become an instrument which enhances economic growth.  But increasingly these externalities, or expected externalities, have come to have a broader socio-economic complexion, which has meant that innovation policy is now expected to serve other masters, including the goal of environmental well-being.  This in turn means that innovation policy is concerned not only with increasing the absolute amount or rate of innovation, but also with shaping the course of scientific and technological developments in ways deemed socially desirable.

Innovation Policy

Before examining the consequences of this broader remit for the attainment of sustainable development, however, we need to ask whether innovation policy has fulfilled expectations apropos of its narrower, historical economic remit.  In other words, has innovation policy worked and, if it has, what’s the magic formula for success?

Broadly speaking, the answer to the first part of the question is both ‘yes’ and ‘don’t know’.  Efforts to evaluate individual innovation policy mechanisms, ranging from R&D programmes to tax incentives and diffusion initiatives, have become commonplace over the last twenty years, and my own general impression – which I’m sure will be shared by many of the other professional innovation policy evaluators in the audience – is that most single initiatives actually achieve their immediate, pragmatic goals and contribute to the higher level goals which litter the rhetoric of their rationales – though to what extent remains an open question.  Also unknown is the effectiveness of different combinations of policy instruments – i.e. of the overall policy mix – vis-à-vis the attainment of these high-level goals.

All this should come as no surprise, however, for we are dealing here with complex social systems, not conducting simple laboratory experiments or controlled trials.  We have developed fairly crude social science methods to assess the attainment of the more directly realisable goals of individual policy initiatives (e.g. the knowledge, networking and even commercial exploitation goals of R&D programmes), and we have also developed sets of macro-economic indicators which allow us to track many aspects of innovative and economic behaviour at the level of whole economies, but we have not cracked the problems of causation and attribution which bedevil attempts to link micro- and macro- phenomena, nor have we managed to build adequate models of the ways in which innovation policy initiatives interact with and influence overall economic behaviour.  And neither are we likely to in the foreseeable future.

Our inability to measure the overall impact of innovation policies on economic performance, however, is no argument for their removal from the armoury of public policymakers.  We cannot measure the effect of many other individual initiatives on the performance of complex social systems, but we persist in their use if they satisfy lesser goals and, more importantly, if theory suggests that there is a role for them to play even if the tools to measure overall effectiveness are inadequate.  And this is where developments over the past twenty years in our understanding of the ways in which ‘innovation systems’ operate come to the rescue, for even a cursory inspection of current theory provides a few simple clues concerning the desirability and applicability of innovation policies.

In its simplest form, innovation systems theory draws upon general systems theory by defining ‘systems’ in terms of a number of ‘actors’ (often represented diagrammatically by ‘boxes’) and the relationships between them (which are usually depicted by ‘arrows’ suggesting flows of information, money, influence etc.).  Individual ‘reductionist’ studies then focus in on the evolving relationships between specific ‘boxes’ and ‘arrows’, while more ‘holistic’ studies attempt to understand the functioning of the system as a whole, albeit via an informed appreciation of the functioning of individual elements and often cavalier theorising about how they combine and evolve.  There are many lessons to be learnt for the formulation of individual policy instruments from the plethora of reductionist studies conducted over the years, but there are also many lessons, which stem from more holistic appraisals.

The first of these is based on our current understanding of the complexity of modern innovation systems, each of which is composed of many different types of actor (multiple boxes) interacting in multifarious ways (multiple arrows).  In such systems, system performance is often determined or regulated by the weakest node (i.e. the weakest link in the chain).  The implication for policy formulation, therefore, is that policy interventions should target the weakest links.  Similarly, attempts to benchmark innovation systems and the impact of policies on system performance should also concentrate on the identification and characterisation of weakest links.

A second lesson which stems from the complexity of innovation systems is that individual policy instruments applied in isolation are unlikely to have a dramatic impact on overall system performance.  In theory this is exactly what could happen if policies are targeted accurately at extremely critical weak links, but in practice the ‘strategic intelligence’ required to identify critical nodes is woefully inadequate.  In complex systems, too, there are likely to be many weak nodes, and even accurate targeting of an individual weak link is only likely to produce incremental improvements if other weak links are neglected by policymakers.

A corollary of all of this is that successful attempts by public policymakers to improve the performance of complex innovation systems are more likely to consist of the application of a broad portfolio of policy instruments than the application of any one instrument in isolation.  In this context it is salutary and dispiriting to note the upsurge in popularity in countries such as Sweden (and, possibly, the UK) for the unitary application of policies designed solely to support the science base rather than the application of a broad mix of policies across the whole innovation spectrum.  In the context of complex innovation systems, policies such as these are very unlikely to bear the expected fruit.

Applying a successful broad mix, however, again requires high levels of ‘strategic intelligence’ about the existence of weak links and the efficacy and appropriateness of individual policy instruments in particular contexts.  In turn, this emphasises the need for constant experimentation and evaluation in the use of different instruments and combinations of instruments, with the results of these assessments continually feeding back into policy formulation discussions and benchmarking exercises.

More Lessons

The process of segmenting whole innovation systems into constituent parts which interact with each other provides many more lessons for policymaking and benchmarking, even when the segmentation is simplistic in the extreme.  Exhibit 2 segments a national innovation system into four constituent, interacting groups of actors, defined in terms of their membership of the public and private sectors and their roles as either ‘knowledge creators’ or ‘knowledge users’.  Typical activities conducted by these different groups are also included in the figure.  In reality the situation is obviously much more complicated than this, but even this gross simplification is sufficient to illustrate some lessons for innovation policy.

Exhibit 2    A Simple Innovation System

	
	Public Sector
	Private Sector

	Knowledge Users
	Universities

S&T Training and Education
	Intermediate and End Consumers

Market for Goods and Services

	Knowledge Creators
	Universities

Basic Scientific Research
	Firms

Applied R&D and Product/Process Development


One of the first things which current innovation theory tells us about a system such as this is that all parts need to interact well if the system is going to function smoothly.  There is no point in knowledge creation, for example, if the routes to knowledge use are blocked (which is precisely the reason why the funding of basic science will not lead to improvements in innovation systems if the weak nodes in the system correspond to the barriers between knowledge creation and use).

Our knowledge of innovation systems also tells us that the amounts of money spent by the private sector on applied R&D and product/process development dwarf the sums which the public sector has to support civil innovation generally.  Using any of these funds to subsidise work in the private sector similar to that already being undertaken by firms would thus lead only to minor changes at the margin.  In practice, policymakers have moved away from straightforward subsidy mechanisms in this area and will now only contemplate direct funding of private sector R&D if additionality, leverage or catalytic consequences can be demonstrated.

It is still arguable, however, that innovation policies aimed to date at stimulating the scale of private sector investment in R&D activity have had limited success – via both direct funding and indirect schemes such as tax incentives.  Given the relative size of these R&D budgets, however, and their critical role as motors of innovation systems, this is one of the most important areas for creative thinking in the whole innovation policymaking domain.

The importance of S&T education and training within the Knowledge Use/Public Sector quadrant of the simple innovation system depicted in Exhibit 2 is emphasised by the current stress within the innovation theory literature on concepts such as social capital and absorptive capacity.  Without adequate policies supporting strong scientific and technological cadres within the population and, perhaps even more importantly, a population at large equipped to be ‘knowledge consumers’ within ‘knowledge societies’, the prospects for healthy and dynamic innovation systems look bleak. 

The importance of adequate links between all the constituent parts of innovation systems is probably most easily demonstrated when considering private sector links between Knowledge Creators and Knowledge Users, for lack of an effective linkage here would simply mean that firms were unable to sell their goods and services.  It is not surprising, therefore, that many innovation policies in recent years have taken the form of ‘bridging’ actions designed to ensure links are strengthened.

Exhibit 3 uses the simple model of an innovation system outlined earlier to distinguish between different types of ‘bridging’ policies and different types of ‘reinforcement’ policies.  The latter are aimed at strengthening or supporting mainstream activities within each quadrant.  In contrast, the former are specifically designed to link quadrants together via actions which encourage or enable the actors in these quadrants to benefit from increased exposure to each other.  Although the list of mechanisms in Exhibit 3 is by no means exhaustive, the preponderance of measures which can be described as ‘bridging’ measures - especially between public and private sector actors of all kinds and private sector knowledge creators and users - exemplifies their current importance in the arsenal of modern-day innovation policymakers.

So is there a magic formula for successful innovation policy?  Can consideration of these simple models point the way forward?  All the discussion so far suggests that the following virtuous steps should be taken during the policy formulation process:

· Base policy prescriptions on an analysis of as much ‘strategic intelligence’ as possible, making every effort to identify weak nodes within the innovation systems addressed and targeting these first;

· Attempt to construct a policy portfolio which addresses as many of these weaknesses as possible, and don’t rely on a single policy instrument;

· Include measures aimed at human resource development which strengthen competence and lead to increases in social capital and absorptive capacity;

· Include ‘bridging’ measures aimed at improving knowledge and information flows;

· Experiment, evaluate and feedback this ‘strategic intelligence’ into policy formulation.

· Exhibit 3    A Simple Taxonomy of Innovation Policies



	Reinforcement Policies for Public Sector Knowledge Users

· Support for science/technology educational institutions

· Support for government ‘knowledge workers’
	Bridging Initiatives between Public and Private Sector Knowledge Users

· Public sector bodies providing technical information services

· Public sector bodies providing metrology services

· Public sector bodies providing patent and licence information

· Public sector bodies providing consultancy advice to firms

· Enhanced public private/public sector interaction via proximity on science parks
	Reinforcement Policies for Private Sector Knowledge Users

· Improved access to venture capital for ‘knowledge intensive’ sectors

· Preferential tax regimes for ‘knowledge intensive’ sectors

	Bridging Initiatives between Public Sector Knowledge Users and Knowledge Creators

· ICT network infrastructure support


	Bridging Initiatives between Public and Private Sector Knowledge Users and Creators

· Government procurement mechanisms
	Bridging Initiatives between Private Sector Knowledge Users and Creators
· Subsidised technology transfer and adoption schemes

· Technology brokerage schemes

· Support for the growth of private sector ‘intermediaries’

· Awareness campaigns

· Technology demonstration initiatives

	Reinforcement Policies for Public Sector Knowledge Creators
· Support for research equipment infrastructure in universities

· Support for government labs

· Support for basic science

· Support for generic collaborative research between universities

· Support for networks of research excellence
	Bridging Initiatives between Public and Private Sector Knowledge Creators
· Support for targeted collaborative research between universities and industry

· R&D services provided by Government labs to industry

· R&D services provided by universities to industry

· R&D partner search initiatives

· University/industry personnel exchange schemes for R&D staff
	Reinforcement Policies for Private Sector Knowledge Creators
· Subsidised market-oriented R&D

· Product development assistance

· R&D tax incentives

· Government support for inter-firm R&D collaboration (e.g. reciprocity agreements)

· Innovation credits

· Favourable IPR regimes

· Inward investment schemes for ‘R&D intensive’ industries



Environmental Policy

In due course we will return to some of the generic lessons which innovation systems theory has for policy formulation and implementation.  In the meantime, though, we should turn our attention to environmental policy, asking again what works and what doesn’t work.

We can begin immediately by narrowing the focus, for the sphere of environmental policy is vast and the part we are interested in – the interaction with technological development, innovation and economic well-being – is a relatively small, if not unimportant, component of the whole.  I shall argue, however, that this domain could and should grow in relative size and importance in the future, for technological innovation is a crucial route to environmental well-being, not only via ‘end-of-pipe’ modifications to existing technologies, but also via the wholesale shifts in production paradigms implied via the concept of sustainable development.

A recent UK report
 stated that the importance of technological and managerial improvement in enhancing environmental efficiency is becoming increasingly accepted.  In support of this claim, it cites two examples of policies which successfully stimulated technological developments and led to environmental improvements.  Both involved regulatory changes and the subsequent introduction of best practice technologies to reduce air and water pollution, the most striking of which was the fall in lead tailpipe emissions following the introduction in 1986 of lead-free petrol in the UK.  Regulatory change helps define markets and can thus be an important stimulus to innovation.  The historical record suggests that much of this innovation is modest and incremental in nature but, as René Kemp has noted,
 stringent regulatory changes, e.g. product bans, can induce more radical innovation.

We know too that some traditional innovation policy instruments also ‘work’ for environmental technology.  Evaluations of environmental technology R&D programmes in which I have been personally involved (in Finland, Sweden and the EU generally) all suggest that they are no more and no less successful than R&D programmes in other technology areas.  Unfortunately, we also know – or at least we strongly suspect – that efforts to stimulate R&D in these areas are sub-critical given the scale of the environmental challenges which confront us.  Moreover, there is the additional suspicion that many of these initiatives need to shift away from a short-term focus on incremental technology improvements and refocus on more radical solutions to the longer-term problems posed by phenomena such as climate change, loss of biodiversity and the depletion of freshwater resources.

We also know that the barriers to successful innovation are particularly severe in many environment-related areas.  Although there is scope in theory for innovations which bring about improvements in environmental productivity and efficiency to be accompanied by cost reductions, in reality many in industry regard environmental innovation as an unwanted cost rather than as an opportunity to reduce costs in the longer term.  Many of the industry sectors in which environment-friendly technologies are most needed also have ponderous technology infrastructures and very low rates of capital stock turnover, making innovation a slow and laborious process.

What Can Innovation Policy Do for Sustainable Development?

Many of the observations made about innovation systems and the lessons for innovation policy can be applied to the special case of innovation policy for sustainable development.  Probably the most important of these is the proposition that an appropriate policy mix is likely to be much more effective than the use of a single, isolated instrument.  Innovation is a complex process, different parts of which are best tackled via different types of instrument – some of which deal with ‘supply-side’ issues (e.g. funding for R&D and the training of scientific personnel), while others focus on demand-side stimulation (e.g. technology adoption incentives) and a whole host of other activities in between – including all the ‘bridging’ initiatives depicted in the earlier Exhibit 3.  Combinations of these instruments, customised to the needs of different industry and technology sectors, are needed to improve overall system performance.

This fact was recognised in the UK study mentioned earlier.
  The authors recommended combinations of three types of instrument:  target setting; financial support, including mechanisms for raising finance; and political and corporate leadership.  The setting of outcome-based targets – based on assessments of what innovations can realistically deliver and backed by the promise (or threat) of legislative or economic enforcement – constituted the first part of the tripartite scheme.  Next came a series of measures designed to provide financial support for innovation.  These included public support for environmental R&D and the training of researchers; ‘back-loading support for innovation, i.e. prizes for technologies which secured particular environmental objectives; tax incentives and credits for innovation with beneficial implications for the environment; and the setting up of a National Environment facility to manage and channel environmental innovation.  The third leg of the scheme envisaged much more efforts at a political level to provide leadership and deliver clear statements of long-term intent which industry could use to shape its investment plans.

The second important lesson from our examination of innovation policy, however, is that we still don’t know which policy mixes are appropriate in different settings and which are likely to deliver the most desirable outcomes.  But this is not a recipe for inaction.  Rather, it is a clarion call for more determined efforts to evaluate and assess the performance of individual instruments, experiment with different combinations of policies, benchmark the performance of overall systems and slowly but surely increase our collective understanding of how these incredibly complex social and physical systems interact and function.  The need here is for the type of ‘strategic intelligence’ which, in the long term, will allow us to identify and rectify weaknesses in particular innovation systems and make more enlightened and informed policy choices. 

What Can Environmental Policy Do For Innovation?

So far I have kept to the suggested story-line but, as promised, here’s a twist to the plot.  Rather than asking what innovation policy can do for sustainable development, let’s turn the spotlight on what environmental policy can do for innovation.

The answer is certainly not trivial.  Innovation policymakers around the world are still making strenuous efforts to overcome systemic and context-dependent hurdles to the improvement of innovation system performance.  In the EU, for example, the informal seminar of Industry and Research Ministers which took place in S’Agaró-Girona at the beginning of this month concluded that the EU still has many barriers to overcome if it is to achieve the so-called ‘Lisbon objective’ of becoming the most competitive and dynamic knowledge-based society in the world.  Primary amongst these is the need to close the existing gaps with its main competitors in terms of the relative amounts of R&D conducted in the different settings and the efficiency of its translation into innovation and, ultimately, enhanced economic performance.

Stimulating private sector investment in R&D is critical to the success of this venture and constitutes a very real challenge for innovation policy.  Specific policy measures include direct measures (e.g. R&D grants and subsidies), indirect measures (e.g. tax incentives), loan guarantee schemes and schemes to make venture capital available for R&D, but finding the right policy mix remains an elusive goal.  One suggestion, however, would be to take a leaf from the environmental policymakers’ handbook.  Any comparison of the types of measures used in the two separate domains of innovation and environment policy soon reveals a glaring disparity.  Whereas innovation policy has historically been dominated by efforts to improve inputs to the innovation process, with other actions gaining popularity only in the recent past, environmental policy has, in contrast, been dominated by regulatory measures which shape and influence markets and the demand for innovations.  Would it be possible, therefore, to make better use of regulatory instruments to stimulate private sector spend on R&D?

In many technology spheres this will be neither possible nor desirable, particularly where the end goal of innovation policy is to enhance competitiveness irrespective of the nature or type of technology supported.  It does start to make sense, however, when innovation policy is expected to serve other socio-economic goals – those related to health and the environment, for instance.  The scale of the problems society will face in these two areas in the future also suggests that the markets for innovative products and processes in these domains will soar once successfully stimulated.  The trick, therefore, is to find the correct policy mix, and it is here that combinations of traditional innovation policy instruments and environmental regulatory policies might prove their worth.

Undoubtedly there will be some in the audience – and amongst these I expect to include my co-speakers this morning, George Heaton and Luke Georghiou – who are not convinced of the efficacy of regulatory mechanisms, for such instruments have often lacked teeth in the past.  To my mind, however, the solution is to complement them with other innovation policy mechanisms and to lobby for their improvement rather than to dismiss them wholesale.  But enough of my opinions.  It’s time now for others to have their say.
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