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Abstract

Michael Porter and Claas van der Linde’s work reframed and brought to a larger audience

the debate about the relationship between environmental protection and economic

performance.  This work resulted in what is often called the "Porter hypothesis" which

states that environmental protection and competition are not incompatible and that properly

designed environmental regulation can act as a trigger to innovation that will in turn make

companies more competitive.  This paper critically assesses the theory and evidence for

this hypothesis, emphasizing our growing understanding of the conditions under which it

holds from two perspectives.  From the viewpoint of business, it reviews the conditions

under which businesses choose to innovate for the environment.  From the viewpoint of

governments, it discusses the types of policy that stimulate innovative responses.  While
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Porter and van der Linde did a great service by refocusing the debate on the potential

compatibility between competitiveness and environmental protection, this paper suggests

that the discussion needs to be expanded beyond environmental regulation to include the

full set of government activities that influence private sector decisions to innovate for the

environment.  In order to stimulate the industrial transformation required for sustainable

development, governments will need to employ a broad range of policy mechanisms that

can effectively and synergistically create new technologies and new markets.  In particular,

governments must consider how to support technology development as well as creating

markets for environmentally-enhancing technologies.

Introduction

At the core of the concept of sustainable development lies a tension between economic

growth and environmental protection.  For some time, in both industrialized and

developing countries, environmental protection has been viewed by many as a brake on

economic development.  More recently, in both academic circles and policy circles, this

view has been challenged, and replaced with a growing interest in understanding when and

how we can protect the environment while fostering economic development.

Michael Porter and Claas van der Linde’s work crystallized and brought to a larger

audience this debate about the relationship between environmental protection and

economic performance (Porter and Van der Linde 1995a and 1995b).  Their work resulted

in what is often called the "Porter hypothesis" which states that environment and

competition are not incompatible and that properly designed environmental regulation can

act as a trigger to innovation which will in turn make companies more competitive.  This

ability to simultaneously profit and improve environmental performance has been dubbed

the “double dividend.”  This paper critically assesses the theory and evidence for this

hypothesis, emphasizing our growing understanding of the conditions under which it holds.

While Porter and Van der Linde did a great service by refocusing the debate, showing that
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competitiveness and environmental protection can be compatible, this paper suggests that

the discussion needs to be expanded beyond environmental regulation to include the broad

range of government activities that influence private sector decisions to innovate for the

environment.

This paper is divided into two sections.  The first section begins by reviewing the theory

and evidence for the Porter hypothesis.  From the standpoint of empirical evidence, the

focus is largely on micro-level evidence.  It then examines our growing understanding of

the conditions under which the double dividend is created and captured from two

perspectives.  From the viewpoint of business, it examines the conditions under which

businesses choose to innovate for the environment.  From the viewpoint of governments, it

examines the evidence regarding the types of policy that stimulate innovative responses.

The second section looks beyond environmental regulation and toward the full range of

actions available to governments to foster the technological innovation that can make

environmental protection and economic competitiveness compatible.  Through three cases

in the energy sector (wind turbines, gas turbines and energy efficient office products), it

demonstrates how the use of a broad range of policy mechanisms can effectively and

synergistically create new technologies and new markets.  It concludes that governments

must consider how to support technology development (supply-push) as well as creating

markets (demand-pull) for environmentally-enhancing technologies, particularly during the

period spanning pre-commercialization through lead adoption.

Part 1: Assessing the Porter Hypothesis

In 1995, Porter and Van der Linde wrote two seminal articles in which they claimed that

environmental protection and competition are not incompatible.  Rather, through technical

innovation that increased resource productivity, companies could simultaneously reduce

environmental impacts and increase profit.  They further hypothesized that properly

designed environmental regulation could act as a trigger to innovation that would make
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companies more competitive.  Porter and Van der Linde identified several possible sources

of resource productivity, which they termed "innovation offsets."  For process innovation,

enhanced resource productivity could be achieved through technological changes leading

to: higher yields, less downtime, material saving, better use of byproducts, lower energy

and material consumption, reduced storage and handling costs, and conversion of waste

into valuable inputs.  For product innovation, innovation offsets could include higher

quality and better performance, increased safety, lower-cost, higher resale or scrap value,

and lower disposal costs.

In the case of complete innovation offsets, while environmental regulation was not

necessary, it could serve as a stimulus for firms to search for ways to increase resource

productivity.  In the case of incomplete offsets, environmental regulation was needed to

provide incentives for firms to innovate for the environment.  Environmental regulation is

also important in leveling the transitional playing field.  Technological innovations may

require long lead-times and large investments.  New products and processes may eventually

be cost-competitive (even without considering environmental costs and benefits), but they

may require a transition period, as they are often initially more expensive and cannot

compete in the market place with existing plants and products that have poorer

environmental performance.

Porter and Van der Linde, while heating up the debate about the relationship between

environmental regulation and competitiveness, were not the first authors to examine this

issue.  While a few authors were writing about the possibilities for environmental

regulation to promote technology innovation (Ashford and Heaton 1983, Ashford 1993,

Rothwell 1992, and Wallace 1995), much of the previous work in this field focused on

whether environmental regulation was a burden on the economy.  This body of work

argued that environmental regulation decreased competitiveness for several reasons.  First,

complying with environmental regulation increased capital and labor costs.  Secondly, it

diverted management attention and crowded out more productive investments.  Thirdly,

environmental regulation often exempted existing plants from stringent requirements,
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providing incentives to reduce capital stock turnover.  Given that new plants and

equipment in general are more economically and environmentally efficient than older

equipment, this served to reduce both competitiveness and environmental protection.

Fourth, some argued that environmental regulation created perverse incentives. Because

better environmental performance carried with it the threat of tighter standards, firms

wanting to avoid government-mandated requirements stayed away from innovation for the

environment.  Finally, some argued that stringent environmental regulation created capital

flight to “pollution havens” i.e. companies moved to countries or regions that had less

environmental protection.  These concerns are not without some rationale.  Examples

where environmental regulation had each of these anti-competitive effects can be found.

However, after reviewing over 100 studies, which attempted to systematically measure

these impacts, Jaffe et al. concluded that there is no evidence of a strong competitive

disadvantage or advantage due to environmental regulation.1

Given the evidence of specific instances in which environmental regulation had anti-

competitive effects, it is important to emphasize that the argument for compatibility

between environmental regulation and competitiveness stresses the need for well-designed

environmental regulations.  Porter and Van der Linde argue that properly designed

regulations can increase competitiveness in several ways.  First, regulations can require

firms to generate information that raises corporate awareness of opportunities for

increasing resource productivity and signal areas where there are opportunities for

increasing resource productivity.  Secondly, environmental regulation can reduce

uncertainty about future requirements for environmental performance, creating competitive

pressures between firms and nations.  Finally, environmental regulation can level the

transitional playing field by requiring all firms to move to new, more environmentally-

enhancing practices and thus creating a competitive environment in the search for

alternative processes and products.  Just as there are examples of environmental regulation

decreasing competitiveness there are numerous examples of firms profiting while

                                                          
1 Jaffe et al. 1995 reviewed  a broad range of studies before reaching this conclusion, including
studies on international trade, direct foreign investment, regional patterns of domestic investment,
and economic growth.
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improving environmental performance as well as examples where environmental

regulation has been the stimulus for this increased competitiveness.2  These will be

discussed in some detail in the following section.

Evidence for the Porter Hypothesis

There are many case studies at the industry sector and firm level that demonstrate the

potential for the double dividend (Hoffman 2000, Reinhardt 2000, DeSimone and Popoff

1997, Cairncross 1995, Schmidheimy 1992, and Smart 1992). There is also evidence that

not all investments in environmentally-enhancing technology provide competitive

advantage.  While not all investments in technology innovation in general are profitable,

orienting innovation toward environmentally-enhancing investments creates an extra

challenge, as it must compete with other types of technology innovation that are more

within the core competencies and core businesses of a corporation, and that may be less

risky or hold greater potential for profitability. This is why policy, in the form of

environmental regulation but also taking the forms of R&D investments, information,

voluntary agreements, and technology assistance may be necessary to focus firms on the

win-win potential of environmental technology innovation, or to create win-win

possibilities.  The examples discussed below highlight not only the existence of a double

dividend, but also the challenges of creating and capturing a double dividend when we

move away from incremental process and product improvements and toward radical

changes in processes and products.

Starting first with process improvements, for the last couple of decades, many firms have

demonstrated the ability to save money while reducing inputs and wastes through

incremental changes in their processes.  Some of these programs are fairly well known as

                                                          
2 Behind these arguments and evidence for and against the existence of a "double dividend" is a
more ideological debate.  Neoclassical economics treats firms as profit maximizers.  If firms do act
in this way, there would be few untapped opportunities to profit, and thus a negligible untapped
double dividend.  While the concept of profit maximizer may be useful for many aspects of
economic analysis, this is one place where it falls short.  There is considerable evidence that firms
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they have been reported in the literature for some time, such as 3M’s Pollution Prevention

Pays Program (3P) (DeSimone and Popoff 1997).  Most large companies have programs in

place for capturing the benefits of input and waste reducing incremental improvements, and

many medium and small enterprises have made improvements in this area, often with the

help of government-sponsored technical assistance.  Nonetheless, there continue to be great

opportunities in this area, in part because of ongoing technological improvements and in

part because full attention has not been given to these issues throughout the economy.  In

the U.S., a variety of federal and state voluntary and technical assistance programs are

challenging firms to capture these savings (U.S. EPA 1996).

Investments in radical process change are more risky.  The two examples given here are

non-chlorine bleaching and low salt dyes.  In the U.S., investments in non-chlorine

bleaching paper mills, to this point, have not been competitive with existing chlorine-based

mills.  Environmental regulation has not required non-chlorine bleaching and consumer

demand for non-chlorine paper products has been low.  The situation is somewhat different

in Europe, due to a variety of factors including technological trajectories, government

regulation, firm initiative, and consumer demand (Norberg-Bohm and Rossi 1998).  This

example points out however that investment in radical technology in anticipation of

environmental regulation that supports its use will not always be profitable.  We must be

clear about the risks that businesses take in this area.  The story of low salt dies is

somewhat comparable.  Although these dyes are far superior from a water quality

standpoint and total manufacturing costs can be lower using these dyes, they are more

expensive than traditional dyes.  Sales of low salt dies have not grown as quickly as

anticipated, pointing out another challenge to firms that invest in environmentally

enhancing innovations (Reinhardt 2000).

In terms of products, distinguishing between incremental and radical changes is also

important. Changes that work within the current product paradigm can be considered

incremental, which does not minimize the challenge they may pose to current business

                                                                                                                                                                               
are bounded in their rationality.  Thus, it is not surprising that we see many examples of individual
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models.  Examples include product takeback and moving from product to service.  The

efforts by Xerox and other companies to build recyclable products and components and to

develop the infrastructure to profitably reclaim for re-use and recycling is an example of

product takeback.  Xerox has pursued this through its "Asset Recycle Management

Program" in which it leases copiers and then takes them back for remanufacturing and re-

lease (Reinhardt 2000, Smart 1992).  Cartridges are sold, but their return for

remanufacturing is facilitated by Xerox.

Two examples of moving from product to service in order to reduce environmental impacts

are Interface Carpet and Enron’s energy efficiency business.  Interface carpet has taken on

the long-range goal of making the entire company sustainable.  Interface carpet recognizes

that this is not a challenge for the faint of heart, and has put considerable effort into the

development of business models that will help achieve this goal.  A key component of

Interface’s efforts is to lease rather than sell carpet.  Interface plans to develop carpets that

are fully recyclable and in this way minimize the new resource input into their products as

well as the waste streams created through the disposal of used carpet (Fishman 1998,

Munio 1999).  A second example is Enron’s recent entry into the energy services business.

In this business, Enron is contracting with other companies to provide all of their energy

services; i.e. companies are outsourcing their energy function to Enron.  Enron will take

over all energy functions from purchasing fuel and making capital investments in energy

facilities to replacing the light bulbs.  Enron enters into long-term contracts to operate

facilities at a percentage of the companies' current fixed price, taking all the risks.  Enron

can do this not simply because of their role as gas and power supply company, but because

of the large opportunities for energy savings.

For more radical product innovations, firms may be looking at technological regime shifts

that require substantive changes not only for themselves, but also for suppliers, users and

society more broadly.  This type of technological innovation can require the development

of new infrastructure and new business models as well as the resolution of new social

                                                                                                                                                                               
firms finding "innovation offsets".
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concerns.  For radical innovation, policy most often plays a critical role in creating the

opportunity to profit from these new technologies.  For example, in the case of

biotechnology, where there is ongoing debate about the environmental and health impacts

of the new technology, policy plays a gatekeeping function.3  Regulations regarding testing,

use and sale strongly influence the profitability of biotechnologies. For some other radical

technological innovations, policies may be needed to invest in R&D, create niche markets

and develop compatible infrastructure for new products that have long lead times, require

large and risky technology investments and have higher costs when initially introduced but

the potential to be competitive with greater market penetration. Low emission vehicles are

example of this type of technological innovation.

A final piece of micro evidence is worth mentioning.  The U.S. data on the environmental

technology market shows that the process and prevention technology segment grew 23.3%

per annum from 1989 to 1998.  While this sector represents only 1% of the "environmental

technology market", it is the fastest-growing segment.  Predictions are that this segment

will continue to grow at a faster rate overtime.  This evidence from the private technology

market reflects the interest of both government and firms to move away from pollution

control and toward pollution prevention, i.e. it reflects shifts in both public and private

environmental policy and management.4

In sum, there are many examples of individual firms finding "innovation offsets.  But

theory, case study and macro-level evidence have not been able to answer the question of

the size or frequency of the double dividend.  Engineering studies often suggest a large

double dividend, and there is a long debate about whether the studies accurately represent

transaction costs and consumer preferences.  The implementation of voluntary programs to

save energy and water suggest that, at least from the standpoint of process cost savings,

there are considerable untapped possibilities.  It is more difficult to judge the extent to

which there is an untapped double dividend in radical process and product change, and to

what extent policy will be needed in order to focus attention or to overcome incomplete

                                                          
3 Monsanto’s strategic move into biotech is discussed by Hoffman 2000 and Reinhardt 2000.
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innovation offsets.

Capturing the Double-Dividend through Corporate Strategic Planning and Properly

Designed Environmental Policy

Capturing the potential for simultaneously improving environmental protection and

economic development is not automatic.  Rather it is dependent on corporations integrating

environmental concerns into their strategic planning and government designing and

implementing environmental regulation that stimulates innovation.  It is beyond the scope

of this paper to thoroughly investigate these issues, and they are discussed in other papers

at this workshop.  Herein is provided a brief review, with references to some of the key

work in this area.

There is a growing body of research examining the conditions under which firms can profit

from environmentally enhancing investments (Hart 1997, Hart and Millstein 1999,

Hoffman 2000, GEMI 1999, Reinhardt 2000).  The Global Environmental Management

Initiative (GEMI) provides one useful taxonomy of areas firms should examine when

looking for competitive advantage through environmental investments.  Specifically,

GEMI suggests that there may be opportunities to take actions that improve environmental

performance and competitiveness in the following areas: regulatory compliance,

operational efficiency, risk management, capital investment, market growth, and strategic

direction.  In each of these areas, technology strategies involving process and product

changes may be an avenue for achieving the double dividend (Hoffman 2000).

Similarly, there is growing research on the relationship between environmental policy and

technological innovation (Ashford 1993, Ashford 1999, Gottlieb 1995, Jaffee et al, Kemp

1997, Norberg-Bohm 1999 and 2000, Klemmer et al 1999, and Clayton et al 1999).  This

body of research has identified several characteristics that are important for creating an

environment where the private sector will innovate, including stringency, flexibility,

                                                                                                                                                                               
4 Environmental Business International Inc., 1997 as cited in Hoffman 2000, p. 150.
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adequate timeframe for implementation of innovative solutions, and certainty.  Although

there is argument by some that economic approaches will be better for innovation (Jung,

Krutilla et al. 1996, Milliman and Prince 1989), detailed case research suggests that the

ability of regulation to capture the full set of characteristics outlined above is the key to

creating a policy that stimulates innovation, rather than a preference for any particular

mechanisms (Klemmer et al 1999, Hemmelskamp and Rennings 2000).  This most often

requires the use of multiple policy mechanisms, as will be discussed below.

Thus far, we have many fewer examples of radical innovation for the environment (with its

potential for larger improvements in environmental performance) than of incremental

innovations and end-of-pipe responses.  However, we are in a period of transition.

Governments are paying more attention to designing environmental regulation in ways that

foster innovation and competitiveness, and also looking to a broader range of policy

instruments in support of these goals.  Furthermore some firms are starting to view

environmental issues as internal strategic issues.  This combination of well-designed

environmental regulation and proactive firms holds the potential to increase the

compatibility between environmental protection and economic development.

Part 2: Beyond Environmental Regulation: Simultaneously Supporting the Supply

and Demand for Environmentally-Enhancing Technology

The evidence presented thus far suggests that in many cases innovation offsets exist, and

thus firms will be able to capture a double dividend by investing in technological

innovations that simultaneously protect the environment and increase competitiveness.  It

has also discussed the importance of environmental regulation in directing firms’ attention

to the opportunity to achieve a double dividend, or creating the double dividend in the

context of incomplete innovation offsets.  Yet environmental regulation, in the form of

standards, taxes and subsidies, and information disclosure are only a subset of the tools that

governments have available to foster a synergy between environmental protection and
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competitiveness. Appropriately designed investments in or incentives for R&D can be as

important as, and work in concert with, regulation in encouraging firms to move their

processes and products onto a more environmentally-sound trajectory.  This section first

discusses briefly the rational for governmental efforts throughout the technology

innovation process for environmentally-enhancing technologies, making a case for the

deployment of a broad range of policy mechanisms that can effectively and synergistically

create new technologies and new markets.  The section then presents three cases in which

government efforts in supply-push and demand-pull worked synergistically in the

development and deployment of environmentally-enhancing technologies.

Policy for Environmentally-Enhancing Technology Innovation

Well understood market failures have led to government support of basic science and

technology research and support for the diffusion of technologies where social benefits

outweigh social costs.  Public support for R&D is based on the fact that knowledge is a

public good and thus individual researchers or firms cannot retain all the benefits from

investments in basic R&D, leading to under-investment.  Public support for the diffusion of

proven technologies with public benefits is based on efforts to reduce high transaction

costs and address the divergence of private and public discount rates.  Between basic R&D

and diffusion lies commercialization and this has been a more controversial area for

government action, at least in the United States (Branscomb and Keller 1998).   However,

in the case of environmentally-enhancing technologies, the market failures associated with

environmental externalities operate throughout the process of technological change,

contributing not only to under-investment in basic R&D and diffusion, but equally

important to difficulty in commercializing new environmentally-enhancing technologies. In

particular, environmentally enhancing technologies may be more expensive when first

introduced, and due to their inability to capture a market niche because their added benefits

are public rather than private, may never have an opportunity to go through the process by

which many technologies become competitive. Governments can overcome this problem
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through risk-sharing in technology innovation (i.e. R&D investments or tax incentives) as

well as environmental regulation that creates market demand during the period spanning

pre-commercialization though lead adoption. 5

An alternative perspective that also supports government investments in R&D as well as

market creation is based on the co-production of environmental regulation and technology

innovation (Bijker et al. 1987, Boden 1994). Environmental regulation is often the art of

the possible.  Rule-making generally requires that environmental protection agencies weigh

the costs and benefits of environmental regulations, and thus make trade-offs between the

costs of new technologies and environmental benefits.  Given the huge uncertainty

associated with many environmental problems, and the sometimes higher costs of new

technology, this often leads to regulations that do not force innovation.  Public investments

in R&D can move technologies closer to the market, making it easier for regulatory

agencies to require or provide incentives for the use of technological innovations.

Supply and Demand Working Synergistically: U.S. Wind Turbine Policy in the 1980s6

During the 1980s, California experienced a wind rush.  Installed capacity for grid-

connected wind-generation grew from zero in 1980 to 1600 megawatts by 1991.  During

this period there was a fivefold decrease in the cost of wind-generated electricity, from 25

cents per kilowatt hour in 1980 to 5 cents per kilowatt hour in 1995.  Although at the end

of this period wind generated electricity was not yet competitive with the alternatives, this

history nonetheless demonstrates how supply and demand can act synergistically to foster

technology innovation that is environmentally enhancing.  If the demand policies had not

ended abruptly, technological progress most likely would have continued, with the

development of a competitive wind industry, if not yet a technology that was competitive

with the alternative sources of electricity.

U.S. government support for wind energy and other renewables during the 1970s and

                                                          
5 These arguments are more fully developed in Norberg-Bohm 2000.
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1980s was based on the dual goals of reducing reliance on imported oil and reducing the

environmental impacts from energy generation.  To meet these goals, U.S. federal and state

governments enacted a variety of policies that supported wind turbine development and

deployment.  In terms of supply-push, the U.S. federal government took two approaches to

sponsored R&D.  The first was a "big science" approach, with the aim of developing large

turbines for grid-connected electricity generation. This program was largely a failure and

did not result in commercial turbines.  The second approach to R&D was practice driven,

focusing on component innovation for somewhat smaller turbines, again aimed at the grid-

connected market.  It looked to the challenges faced by wind turbines in operation to define

the research agenda for component innovation.  This program was a success, contributing

substantially to improvements in wind turbine efficiency during the 1980s.  Of the 12 key

innovations in wind turbine components that we identified, seven relied on partial or total

public funding.

Federal and state policies together created demand for wind generated electricity, which

was more expensive than alternatives throughout this period.  At the federal level, the

government offered tax credits and also passed the Public Utilities Regulatory Policy Act

(PURPA), which required that utilities buy-back power from small renewables generators

at avoided costs.  PURPA was implemented at the state-level.  California’s implementation

of PURPA included generous avoided costs and equally important, long-term purchase

contracts.  California also passed state-level tax credits and sponsored a wind resource

assessment that identified the best sites for wind installations.  Together these state and

federal policies created a market for wind turbines.

The synergism of these supply and demand mechanisms was crucial for the rapid

technological development of wind turbines during this period.  Government support for

radical component innovation was necessary - the market was too immature and too

insecure to attract significant private funding for R&D.  Experience with installed wind

farms not only helped guide government R&D efforts, but the emerging market also led to

                                                                                                                                                                               
6 This story is presented in greater detail in Loiter and Norberg-Bohm 1999.
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incremental innovation by turbine manufacturers. Unfortunately, the demand-pull policies

were too short-lived to create a lasting industry.  They only acted in concert and strongly

over a short period of time.  With the elimination of long-term contracts in 1985 and

California tax credits in 1987, the market for new wind turbines dried up and most U.S.

manufacturers did not survive this downturn in the market.

Supply and Demand Working Synergistically: U.S. Gas Turbine Policy in the 1990s

In 1992, in response to a legislative mandate, the U.S. Department of Energy launched the

Advanced Turbine Systems Program.  The goals of ATS were to develop an ultra-high

efficient, super-clean, costs-competitive turbine.  More specifically, project goals were:

efficiency greater than 60 percent for utility scale systems, NOx emissions of less than 10

ppm, and electricity costs 10 percent less than the existing generation of gas turbines.  The

ATS project is reaching its goals for efficiency, environmental performance, and

competitiveness (U.S. Department of Energy 1999).  General Electric has completed full

scale testing and will be conducting demonstrations in 2001.  Siemens-Westinghouse is in

the process of field testing and will conduct demonstrations in 2002 (Layne 2000).  These

advanced turbines are an example of the double dividend.  They not only provide

environmental benefits, but the U.S. turbine manufacturers have a competitive advantage

over foreign counterparts, at least in the short term.

ATS was an R&D program with some interesting and unique approaches to achieving its

goals.  The government shared risk with the private sector through cost-sharing.  In the

early phases of the program, which focused on systems development, the firms contributed

10%.  By the later phases of technology development, firms’ contribution ranged from 40-

70%.  In addition to working with turbine manufacturers, the program included support for

university and small innovative firms for near-term and medium-term application-driven

R&D.  This was done through an industry-directed university consortium, and through the

provision of testing facilities at the National Energy Technology Laboratory.  Through

these efforts as well as annual meetings and conferences, the program led to development
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of new partnerships between universities and industry, and between multiple firms.  The

ATS program contributed to several key innovations, including steam cooling, advanced

thermal barrier coatings, single crystal blades, and low-NOx combusters.  These

innovations are making it possible for the next generation of General Electric and Siemans-

Westinghouse turbines to meet the ATS goals.

When ATS was started in 1992, synergistic demand pull policies were already in place.

Advances in gas turbine technology during the 1980s, combined with the deregulation of

electric power and natural gas in the United States and many other parts of the world

during the late 1980s and 1990s, made gas turbines the technology of choice for power

generation in many parts of the world.  Environmental standards relating to SOx and NOx

(to manage acid rain and urban smog), as well as growing anticipation of climate change

policies for limiting CO2 emissions also gave gas turbines an advantage over alternative

fossil fuel power technologies.

This case again demonstrates that government policies for supply-push and demand-pull

can act synergistically, thus helping firms capture a double dividend of environmental

protection and economic competitiveness.  However, there are key differences from the

wind turbine case that are worth discussing.  In contrast to the wind turbines in the 1980s,

by 1990 gas turbines were a mature technology with an established and growing market.

Furthermore, the firms producing gas turbines have deep technological and financial

capabilities.  This raises the question of the need for government involvement in moving

this technology forward, raising the counter-factual question of what turbine manufacturers

would have done in the absence of an ATS program, both in terms of economic

competitiveness and environmental performance.  Part of the answer lies in the sources of

innovation for land-based gas turbines.  Over the past three decades, gas turbines for land-

based applications have drawn heavily on jet engine technology as a source of innovation

to improve efficiency and reliability.  These jet engine innovations were supported heavily

by government-sponsored military R&D.  The innovations that came out of the ATS

program were not applicable to jet engines, and this provides one rationale for government
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involvement. In order to achieve higher efficiency and lower NOx turbines, it was

necessary to invest in risky applied research.  The program was also clearly aimed toward

creating a competitive advantage for U.S. manufacturers as well as high-tech

manufacturing jobs for U.S. workers.  From the standpoint of the double dividend the

critical question to ask is not whether government efforts on the supply-side were

instrumental, as in this case government risk-sharing did play a role in the technology

development.  Rather, we need to consider whether government investments in the ATS

program were appropriately balanced between near-term and long-term R&D.  This is

particularly relevant with relation to the NOx question.  While the ATS turbines made

great progress in terms of NOx, environmental requirements in many U.S. cities already

exceed their capability.  Work on finding solutions to NOx control should have been

supported at higher levels earlier.  In other words, greater synergism between supply-push

and demand-pull mechanisms to stimulate environmentally-enhancing technological

innovation was warranted.

Stimulating Private Sector Technology Innovation Efforts: U.S. Energy Star Office

Products

Energy supply technologies may be unique with regard to the level of government R&D

support they receive as well as the high level of government technological capability in

national labs and regulatory agencies.  This raises the question of the appropriate role for

government in other industry sectors.  The argument for government involvement in supply

and demand will not transfer exactly to many industries, although the prescription for

government to concern itself with both fostering technology innovation and creating

markets for innovation holds.  Energy star provides an example of how the creative use of

labeling, voluntary commitments and procurement worked together to stimulate both

technology development and greater technology diffusion.

The Energy Star Program has the dual goals of expanding the market for energy efficient

products and increasing the energy efficiency of products.  In other words, it has goals for
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both technology innovation and technology diffusion. The approach of the Energy Star

Office Products was threefold. 7   First, the program set a standard, in consultation with

industry, for the performance level necessary to receive the Energy Star label.  Second, the

program encouraged firms to sign memorandums of understanding to produce Energy Star

products.  Third, the program encouraged firms and governments to specify Energy Star

products in their procurement policy.  In 1993, the president supported the Energy Star

Program by issuing a federal executive order requiring government procurement offices to

purchase Energy Star products when possible.  Given that the government is such a large

customer, this was important in creating the market for Energy Star office products.

The Energy Star Office Products program can be judged as a success, with nearly 100

percent industry participation, e.g. all manufacturers produce energy star computers.

Participating companies grew from 10 in 1992 to 600 by 1998.  The program has also

fostered on-going technological innovation through upward revision of the standard (in

consultation with industry).  This program first worked to transfer an existing technology

to a new category of products ("sleep mode" from laptops to desktop computers), but over

time, by raising the bar for the Energy Star label, it created competition to improve the

energy efficiency of computers.  In sum, energy star has resulted not only in the more rapid

diffusion of new technologies, but also competition to develop more energy efficient

technologies that will then be specified as the new standard.

Conclusion

This paper began by reviewing the potential for the double dividend, concluding that there

are indeed many opportunities to simultaneously protect the environment and improve

economic competitiveness.  While it is difficult to answer the question of how widespread

these opportunities are, it is clear that changes in the approach of both corporations and

governments will lead us to discover and create greater opportunities for making

                                                          
7 This case was drawn from Howarth, Hadda and Paton, 2000 and personal communication with Paton.
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environmental protection and economic growth compatible.  Corporations are likely to

discover currently untapped innovation offsets, particularly opportunities for radical

changes, only when they integrate environmental concerns into strategic planning.  From

the standpoint of governments, policy must be explicitly designed to foster innovation.  To

accomplish this, regulations must be stringent, flexible, provide long-time frames, and

reduce uncertainty.

This paper has gone beyond advice on designing environmental regulation, however, to

point out the importance of considering a full range of government policies that can create

innovation offsets.  In particular, the cases in this paper point to the potential synergistic

effects of simultaneously investing in R&D and creating markets through environmental

regulation.  The cases suggest it is important to use the supply-push and demand-pull

mechanisms synergistically, particularly during the period spanning pre-commercialization

through lead adoption.  Granted, the cases in this paper are all drawn from the energy

sector, where government has a much deeper history of involvement in technology

innovation.  For other sectors, governments must consider how to creatively use a variety

of policy instruments to stimulate technological innovation and diffusion.
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