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A Marriage Analogy


Different cultures approach marriage differently, with widely differing results.  In my own country, the United States, arranged marriages are universally scorned – although it should be noted that we have the world’s highest rate of internet-formed couples!  In Japan, the process known as “omiyai-kekkon” (literally, marriage by taking a look) is a respected institution, employed in about half of all marriages.  The paradigm assumptions of these two approaches - “love match” and “arranged marriage” - diverge significantly:  in the former, the natural affinity of the couple is valued above all else;  in the latter, practical considerations affecting long-term compatibility tend to take greater weight.  Their institutional mechanisms differ as well.  In one case, the couple finds each other, falls in love and announces marriage - independently.
  In the other case, intermediaries choose candidates, offer venues for getting acquainted and smooth the union of two families.
  Obviously, each of these approaches has its virtues and drawbacks.  But one fact is clear:  the divorce rate in Japan is dramatically lower than in the U.S.


The argument implicit this analogy is that environmental policy and innovation policy could make a good arranged marriage.  That they are not an obvious love-match should be clear after 30 years of parallel co-existence accompanied by little interaction.  But their compatibility is also certain:  the fundamental goal of each is to put today’s technology on new trajectories.  As with any arranged marriage, skillful intermediaries will be needed - to make the case, to make the contacts and to craft the mechanisms.  The attendees at this meeting could well be in the vanguard of this effort.

The Situation of the Parties


“Innovation policy” is a relatively new term for an older concept.  Starting life in the post-World War II period as “science policy,” this set of initiatives has focused above all on increasing the quantity of inputs to the process of technological change - R&D funds, skilled personnel and technical information.  The goal has been to spur economic growth through the development of new technologies that increase productivity and offer new functionality.  Today’s focus on the “innovation system” as the locus of policy concern does not bespeak a change in purpose, but rather, a new understanding of the process of technological change.  Perhaps the central realization has been captured by this meeting’s Position Paper, in its assertion that “permanent renewal” is the driving force in the knowledge economy.  What this means is that all technologies are constantly challenged and improving - except for those that perish.


Innovation policy has also developed an impressive infrastructure of expertise - people and institutions abreast of the latest developments in science and technology, adept at funding good research and alert to possibilities for its commercialization.  What this infrastructure has generally lacked is much commitment to other societal goals, of which sustainable development offers but one example.  To a large extent, this “neutrality” has been conscious and deliberate, often rationalized by the need to keep science and technology free from politicization.  As a practical matter, what this has meant is that the technology policy community has largely ignored the environment.


Modern environmental policy is now about 30 years old.  In its early years, the primary energy was placed on curbing the “adverse effects” of industrial technologies - especially pollution - via mandatory regulatory standards.  More recently, “sustainability” has become the watchword, and economic incentives and other institutional mechanisms have come more into play as policy instruments.  Nevertheless, the analytical focus of environmental policy remains overwhelmingly geared to the identification of particular environmental problems, with programmatic actions closely targeted to ameliorate them. 


Environmental policy is rooted in a profound political consensus.  It draws on a large administrative apparatus and a high degree of professionalism, in environmental science, economics and law - all vibrant fields.  This is not to say that environmental technology is ignored;  quite the contrary.  However, the approach to technology has tended to be reductionist, concentrating on the application and improvement of today’s “best available technology.”  In short, diffusion and incrementalism - rather than radical innovation or systemic change - occupy the field.  Rare indeed is the environmental policy-maker with license to focus on the transformative possibilities
 of emerging technologies, much less one equipped with the tools to promote their realization.

Why a Union Makes Sense


Although environmental and innovation policy both stand to benefit from a marriage of their purposes and programs, environmental policy probably has the more to gain.  This is so for two main reasons.  First, the world’s environmental problems are far from solved – indeed they may in a number of respects be getting worse.  And second, the potential of new technology to contribute to environmental improvement has been grossly underexploited.


Looking at environmental quality from the vantage point of a highly developed country in northern Europe, it is easy enough to feel momentarily sanguine.  The visible battles of the past – auto emissions, PCBs, and CFCS to name only a few – have been won. Local environmental indicators – air and water quality, toxic releases, waste streams – have indeed improved.  But there are two less-perceived trends which cause this optimism to fall short.  One is the shift from the short-term, local, toxic-incident paradigm of environmental threat – which most policies were designed to combat – to a pattern of long-term, chronic, global and potentially irreversible environmental damage.  It is not to minimize the gravity of global climate change and loss of biodiversity to say that other dangers may well loom just as large – alarming increases in male sterility, immune system deficiencies and continued large-scale destruction of critical ecosystems, which may all presage global catastrophes of unprecedented scope.


The second cause for alarm is the ascendancy of developing countries as the principal source of environmental damage.  It is not an overstatement to say that the world’s environmental future lies with the developing countries, particularly those in Asia – China, India and Indonesia above all – where rates of rates of increase in the pollution-intensity of production even outstrip population growth.
  This pattern is intimately related to technology, as it is by and large the consumption patterns of Europe and North America that these societies are mimicking, and the accompanying resource-intensive, dirty technologies that they have adopted.


Both of these trends suggest that the technology base on which the world has been relying is badly flawed.  They suggest as well that the “environmental” technologies of today – generally “end-of-pipe” -- will not be sufficient to balance the magnitude of these new threats.  This is precisely why environmental policy needs innovation policy so much:  to move it toward a new generation of environmentally oriented technologies, as well as to generate production technologies that are as environmentally benign as they are economically superior.


The theoretical case for the expansion of innovation policy to include an environmental mission has been well made in the Position Paper.  It positions an environmental innovation policy securely within the realm of market failures that justify government intervention, arguing that both the negative externalities of environmental degradation and the positive externalities in knowledge production are persuasive.  Clearly this is true.


There is another, partly theoretical, partly empirical argument to make.  It rests on the perception that there is something very “wrong” in the innovation process for new environmental technologies, both in the private sector and in the allocation of public R&D funds.


The overwhelming majority of environmental technologies – like all new technologies -- will be developed and deployed by private firms.  What distinguishes environmental technology from other sectors, however, is the degree to which public policy “makes the market,” through regulatory standards and other means.  If the signals from public policy are certain and strong, then one can expect innovation to follow.  Indeed, private sector innovation may well lead public policy if the administrative apparatus is flexible enough to incorporate these innovations into its standards.  Unfortunately, what we have seen in the U.S. suggests that the reverse is often the case.
 


The chilling effect of technologically conservative environmental regulation on innovation in the private sector is demonstrated by data on the structure of the industry and its R&D portfolio.  For the U.S., at least, we know that R&D in the environmental industry is significantly lower than in other technology-oriented sectors.
  We have also come to refer to a “valley of death” for environmental technologies, in which many perish for lack of development funds while waiting to be sure that the market (i.e. regulators) will accept them.
  To the extent that the structure of today’s environmental markets – throughout the OECD -- is a predictor of tomorrow’s global technology, the outlook is also bleak.  The table appended afterwards shows environmental industry revenues in the U.S., Europe and Japan.  Most tellingly, one sees that only a trivial amount -- no more than 0.5%  -- is prevention-oriented.  In all three venues, water treatment works and utilities absorb about 30% of the total.  Beyond this, the pattern of expenditure derives from the regulatory regimes that are ubiquitously based on pollution control standards for individual media:  air, water, waste.


If the environmental industry is “underinvesting” in R&D for the next generation of technologies, one would hope that public investment would fill the void, given that such a situation offers the classic rationale for public R&D funding.  This does not seem to be the case.  Certainly in the U.S., the prospect for any large-scale funding of environmental technology evaporated with the failure of the Clinton Administration’s Environmental Technology Initiative in the mid-1990s.
  Environmental science – which is an entirely different matter – has continued to do well in terms of funding.  What the situation is globally is difficult to say, as meaningful funding figures for environmental technology are hardly to come by – and valid international comparisons even more difficult.  The table appended below on patterns of international R&D expenditures hardly begins to answer the question – clearly there is a need for better data on environmental technology.  But the sense one gets is that its prominence within innovation policy universally falls woefully short of the need.


What the above suggests is that there is a clear “market opportunity” for innovation policy to expand its focus in the direction of environmental technology.  Beyond the theoretical rationale, the move would probably also be good politics, both in the industry and among the general public.  There is also the argument to be made that support for environmental technology R&D is securely in line with innovation policy’s consistent focus on economic competitiveness.  The global environmental industry already garners more than $400 billion per year.
  And as environmental consciousness shows no signs of abating, it is a good bet that the positive environmental features of new products, processes and systems will increasingly be a competitive selling point.

An Ideal Environmental Innovation Policy

Defining an ideal policy to promote environmental innovation is not terribly difficult.  Almost two years ago, an OECD workshop put forward the following sensible three-part framework
:

· Combine a flexible, incentive-based environmental policy -- which focuses on the direction of technological change -- with a technology policy designed to increase the rate of innovation

· Embed innovation policy in environmental policy, by targeting policy instruments toward technologies that will offer new means of potential environmental prevention and remediation.  

· Embed environmental policy in innovation policy, by increasing the saliency of environmental criteria in policies and programs that support technology development.

These generalities can also be put into more concrete terms.  The basic idea from the first bullet is that environmental and innovation policies as they need to adopt a common complementary mission and mindset.  But their separation of function must continue.  For its part, environmental policy needs to adopt mechanisms that are much more flexible – economic instruments, incentives to go beyond compliance, special exemptions for new technologies and the like.  But it needs to do so with a clear view of new trajectories for technological change in industry, agriculture, and infrastructure that can move in the direction of sustainability.  Innovation policy, for its part, can continue with its traditional mechanisms - R&D funding, training, technology transfer - that increase flows through the innovation pipeline.  But it should target a much greater proportion of these resources explicitly toward environmental sustainability.


The second and third bullets are essentially expansions of the first.  In the case of environmental policy, we should not expect its administrative authorities to engage directly in the development of new environmentally improved technologies. (I.e., the Ministry for the Environment does not become an R&D agency.)  But what can be demanded is for environmental policy to move away from its all-too-frequent preference for the technological status quo.  This implies developing a capability to envision possible technological futures and work toward their achievement.  It means discarding standards that do no more than enfranchise today’s average end-of-pipe pollution control technology.  And it requires taking on the underlying consumption patterns that are at the root of the problem.


In the case of innovation policy, it does not seem unreasonable to require R&D programs and projects to at least consciously consider the environmental implications of their research.
  Thus, sustainability could well become an important funding criterion.  It also seems essential to set aside a portion of the overall public R&D portfolio for the development of commercially viable environmental technology.
  Two caveats need to be inserted with respect to this:  that generic technology, not science is the goal;  and that the development needs to take place in firms, not government labs.

Lessons from Reality


The U.S. and Japan have both made attempts to integrate some of the traditional mechanisms for the promotion of innovation with environmental policy.  Their efforts, which have yielded radically different results, offer lessons from actual experience about the design of an environmental innovation policy.


In the U.S., certain elements in the policy community - on both the left and right - routinely oppose any government program to aid industry.  Other elements - typically environmentalists - have tended to oppose non-regulatory approaches to environmental policy.  These forces have long made it difficult to enact an environmental innovation policy; indeed, it was not until the early years of the Clinton-Gore Administration that one was proposed.
  This Environmental Technology Initiative (ETI) had three main features:  1) a new program of R&D grants to companies for the development of innovative environmental technologies; 2) a broad regulatory reform movement, with the purpose of encouraging innovation; and 3) various commercial assistance measures to firms in the environmental industry.  After a few years’ effort, the ETI was abandoned.  The Congress had been unwilling to create authority or commit funds for the R&D program; regulatory reform, though continually debated was far from consensus; and the promotion of the environmental industry suffered from lack of a programmatic base.


Many of the reasons for the ETI’s lack of success are peculiar to the politics and style of the Clinton era.  But others may be more generalizable.  Certainly ETI shows that it is dangerous to attempt a great deal.  The combination of such large and diverse elements - an R&D program, regulatory reform and export promotion - makes the prospects for implementation difficult, especially in times of fiscal stringency.  The patterns of responsibility for various parts of the ETI puzzle also show that responsibility and expertise must be assigned appropriately.  Giving the proposed R&D program to regulators in the Environmental Protection Agency gave it neither a naturally receptive home nor expertise.  Establishing an environmental export promotion program in the Department of Commerce thrust it into unfamiliar ground.  Oddly enough, however, it was the Commerce Department’s Advanced Technology Program that was best able to show how environmental R&D could be funded in the general context of innovation policy.
 


In Japan, the willingness to create and endow new public programs with significant resources is high in comparison to the U.S.  Often, public spending - in science and technology as well as elsewhere - is employed for its stimulus effect as well as to respond to urgent national needs.  This may be said to be the case for NEDO, the New Energy and Environmental Development Organization, whose budget has moved up to over $2 billion during the last decade.  NEDO’s initial mission was almost entirely energy, but its R&D support has broadened to include a wide range of critical industrial technologies such as, most recently, nanotechnology.

Japan’s most focused effort to mount an environmental innovation policy occurred during the mid 1990s, with the establishment of RITE, the Research Institute for Innovative Technology for the Earth.  With funding on the order of $1 billion per year, RITE’s projects tend to be basic in nature, often carried out by university personnel and very long-range.  Perhaps the most remarkable feature of Japan’s posture in both of these cases is their placement within the framework of the industrial development ministry, METI.
 

Becoming Engaged

At this juncture, environmental policy and innovation policy look much like two attractive, unattached people with a lot in common – except an acquaintanceship.  As they have different constituencies and very different styles of operating, they are not likely to combine forces without assistance.  Someone needs to convince them that their essential missions are basically the same:  to change the course of today’s technology.

The process of arranging this marriage presupposes the acceptance of a new concept or mindset: an environmental innovation policy.  In meetings like this one, this concept may mean something, but to most of the world it does not.  Papers, speeches, symposia and conversation in the relevant policy communities are needed to disseminate it.

As to the operational side of the equation, in my judgment, the two parties to the engagement will continue to need separate domiciles for the foreseeable future - cohabitation is not likely to be harmonious.  In the case of environmental policy, I have long been of the view that it needs a new household organization.  Its administrative apparatus is typically structured according to the media in which environmental problems occur - air, water, waste, and so on.  This problem-centric approach may inhibit thought about solutions - long-term changes to technology and the economy.  If the agency subunits were focused on economic functions or sectors - housing, transport, energy, etc. - a radical reenvisioning of their technological trajectories might better be put forward.

Whatever the organization of environmental policy, envisioning the technological future is where it could enlist the capabilities of innovation policy immediately, to best effect.  What might work is a standing taskforce of individuals from both environmental and technology agencies, combined with industrial and academic representatives.  They would be charged, first, with charting the technological possibilities for different sectors, and second, with proposing the policy mechanisms to move down these trajectories.

It almost goes without saying that new, flexible policy instruments are needed in environmental regulation to pave the way for technological innovation.  I am certainly not against this.  But I am certainly not convinced that a larger, faster flow of the type of environmental technology that is being produced today will be enough to wrench the world out of its current destructive pattern.  Again, new technological pathways hold the key.

For innovation policy, a marriage to environmental policy will require a new commitment, new criteria, new or redirected money - and a guest house.  By this I mean that some sort of discrete operation should be mounted to provide financial support for the development of environmental technology in industry.  Members of the environmental policy community should be an integral part of its decision-making apparatus.  An alternative possibility - the application of environmental factors as one criterion in funding decisions throughout the innovation policy arena - would also make sense.  But it has the drawback of not bringing the two policy communities together.

One hesitates to recommend study.  But in crafting an environmental innovation policy, at least one study is desperately needed:  a thorough-going empirical analysis of environmental technology and its modes of innovation.  Some study of the environmental industry began in the U.S. Office of Technology Assessment and in the OECD a half dozen years ago; it is my understanding that both are defunct.  At the moment, very little is understood about patterns of environmental R&D – and hence we have hardly any idea of what the next generation of technology will look like.  Flying blind into this future is not the way to create a fruitful relationship between these two policy areas.

The last need I would cite is for go-betweens.  The marriage between environmental and innovation policy will not spring up naturally.  A cadre of change-agents needs to push it forward.  Conferences like this one are the beginning.  

Revenues of the Environmental Industry:  U.S., Europe, Japan 1996

	
	US
	
	Eur.
	
	Japan
	

	
	$bill.
	(%)
	$bill.
	(%)
	(%)
	$bill.

	Equipment
	
	
	
	
	
	

	Water and Chemicals
	16
	9.3
	2.7
	7.9
	9.3
	2.7

	Air Pollution Control
	14
	9.0
	7.3
	5.5
	3.3
	3.8

	Instruments, Info.
	1.8
	1.0
	1.6
	1.2
	1.0
	1.1

	Waste Management
	10.7
	6.2
	9.1
	6.8
	8.6
	9.9

	Process and Prevention
	0.9
	0.5
	0.5
	0.4
	0.5
	0.6

	Services
	
	
	
	
	
	

	Solid Waste Mgmt.
	32.7
	19.0
	29.5
	22.1
	29.6
	34.0

	Hazardous Waste Mgmt.
	5.9
	3.4
	5.2
	3.9
	3.8
	4.4

	Consulting, Engineering
	14.2
	8.3
	8.4
	6.3
	1.1
	1.3

	Remediation
	8.3
	4.8
	3.7
	2.8
	1.1
	1.3

	Analysis
	1.2
	0.7
	1.0
	0.7
	0.5
	0.6

	Water Treatment Works
	24.6
	14.3
	21.8
	16.3
	9.6
	11.0

	Resources
	
	
	
	
	
	

	Water Utilities
	27.0
	15.7
	19.7
	14.8
	12.2
	14.0

	Resource Recovery
	11.6
	6.8
	13.6
	10.2
	9.2
	10.6

	Environmental Energy
	1.4
	0.8
	1.5
	1.1
	1.0
	1.1

	Total
	171.7
	100%
	133.4
	100%
	87.1
	100%


Source:  US Department of Commerce, 1998, with data from Environmental Business International
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� A standard cartoon in the U.S. shows a man shaking hands with his girlfriend’s father, as she introduces him with:  “Dad, this is Mike;  we’re getting married.” 


� In Japan, aunts of a certain age are stock-character go-betweens.  So are superiors at the office.


� This issue is discussed at length in Heaton, Repetto and Sobin, Transforming Technology: An Agenda for Environmentally Sustainable Growth in the 21st Century, World Resources Institute, Washington, D.C., April 1991.


� The 1998-99 edition of World Resources:  A Guide to the Global Environment (Oxford Press, 1998) gives a good overview of these issues.


� Asia’s Clean Revolution, D. Angel and M. Rock, eds. Greenleaf Publishing, Sheffield, UK, 2000.  See articles by editors and Heaton and Resosudarmo.


� See Heaton and Banks, " Toward a New Generation of Environmental Technology:  The Need for Legislative Reform,"  Journal of Industrial Ecology, Vol 1, No. 2, 1997.


� Rene Kemp’s paper, presented at the OECD conference on the Environment and Innovation in Paris in June 200, makes this point for Europe as well: “Technology and Environmental Policy Innovation Effects of Past Policies and Suggestions for Improvement.” 


� U.S. Department of Commerce, Office of Technology Policy, The U.S. Environmental Industry, Washington D.C., 1998.


� National Science and Technology Council, Technology for A Sustainable Future,  Washington, D.C., July 1994.


�  See Heaton and Banks, "Toward a New Generation of Environmental Technology," in Investing in Innovation (Branscomb and Keller, eds), MIT Press, Cambridge, MA 1998.


� This is a figure put forward by the OECD in the mid 1990s.


� Stephan Schmidheiny’s Changing Course (MIT Press 1992) remains as eloquent a statement of this point as any.


� Rapporteur’s Report, Workshop on the Environment and Innovation, OECD Directorate for Science, Technology and Industry, Paris, June 2000.


� This is not to be taken as an environmental impact statement requirement for R&D, which could be disastrous and unworkable.


� Of course, this is already occurring in some countries.  But it is far from ubiquitous, or enough.


� The ETI was actually developed by Vice President Gore, and was tied closely with his overall technology policy and the “Reinventing Government “plan.  The history of the ETI – as well as other technology programs during the Clinton-Gore years are reviewed in Branscomb and Keller, Investing in Innovation, op. cit.  The Heaton/Banks article covers ETI.


� The ATP gives R&D grants to industry for leading edge technologies.  It came to light during the ETI that a surprising number of ATP’s projects had an important environmental dimension.  But ATP was never enlisted in the initiative.


� In former days known as MITI, the Ministry of International Trade and Industry, METI now stands for the Ministry of Economics, Technology and Industry.


� Some experiments like this have been tried. “Backcasting” is a common rubric. These often focus on environmentally desirable futures.  What is suggested here is to focus on the technological possibilities of the future, which is different. 
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