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1. Abstract

This article challenges certain tenets of the theories of reflexive law and ecological
modernization. While far-sighted prevention-oriented and structural changes are
needed, some proponents of these theories argue that the very industries and firms
that create environmental problems can, through continuous institutional learning;
the application of life cycle analysis; dialogue and networks with stakeholders;
and implementation of "environmental management systems," be transformed into
sustainable industries and firms. While useful, these reforms are insufficient. It is
not marginal or incremental changes that are needed for sustainability, but rather
major product, process, and system transformations — often beyond the capacity of
the dominant industries and firms. This article also questions the alleged failure of
regulation to stimulate needed technological changes, and identifies the conditions
under which innovation for sustainability can occur. Finally, it discusses differ-
ences in needed policies for industrialized and developing countries.

2. Introduction

Both governmental and environmental innovations are sorely needed to move in-
dustrial economies towards more sustainable transformations. This recognition has
given rise to theories of reflexive law and ecological modernization. While eco-
logical modernization theory has its theoretical origins in continental Europe (An-
dersen and Massa 2000; Mol and Sonnenfeld 2000a; Mol and Spaargaren 2000),
paradoxically some of its effects have been felt perhaps most strongly in the
United States (US). There, some of its tenets have arguably been incorporated into
the anti-regulatory and anti-government Reagan ideological revolution, and into
social and environmentalist responses to that revolution. It can be argued that eco-
logical modernization has not been adopted as a theory of environmental govern-
ance per se in the US? Various "articles of faith" have arisen there, however,
about the best way to achieve improvements in environmental quality. These in-
clude the use of economic instruments, exploiting industry’s potential to engage in

! Adapted with permission from an article appearing in a Special Issue "Globalization,

Governance and the Environment,” by Sonnenfeld and Mol.
2 This is in contrast to the Netherlands (cf. Spaargaren and Mol 1992).
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technological innovation, encouraging more voluntarism and stakeholder partici-
pation in governance, and promoting demand-side policies focused on green con-
sumer behavior (cf. Fiorino 1999).

These articles of faith have been endorsed by government, industry, and main-
stream environmentalists alike. Each was dissatisfied with the gridlock in envi-
ronmental policy, and the opportunity to try a different approach was appealing —
though different actors were more attracted to some initiatives than to others. Af-
ter two decades of experience with such new approaches, the need for a strong, di-
rective government in fostering sustainable industrial transformations requires ex-
amination.

Different "schools" exist within the broad range of ideas labeled reflexive law
(Teubner 1983) and ecological modernization (Mol 1995)°. Far-sighted preven-
tion-oriented and structural changes as advocated by numerous scholars in these
approaches are certainly needed. The weakest feature in the more neo-liberal eco-
logical modernization formulations, however, is that they implicitly argue that the
"problem industries/firms" — the very industries/firms that create environmental,
health, and safety problems — can transform into "green or sustainable indus-
tries/firms." This can be accomplished, it is argued, through continuous institu-
tional learning; the application of life cycle analysis; dialogue and networks with
suppliers, customers, environmentalists, and workers; and the commitment to im-
plement "environmental management systems." In all ecological modernization
approaches, efforts can be found to influence governmental regulation through
consensus, dialogue-driven processes and to encourage governments to use eco-
nomic instruments. But it is not clear to what extent the different branches of eco-
logical modernization theory see these policy and regulatory innovations as a
complement to, rather than as a substitute for, so-called "command and control”
regulation.

Further, rather than fostering more effective regulation through using consensus
and dialogue-driven processes as an adjunct to regulation, there is increasing evi-
dence that "cooperative" approaches may often actually impede the needed
changes and transformations — especially if governmental processes are unduly in-
fluenced, or even captured, by the problem industries (Coglianese 1997; Caldart
and Ashford 1999). The remainder of this essay, explains why I believe this to be
so, and why dialogue and consensus, while useful, on their own are likely not suf-
ficient to transform the industrial system into a sustainable one. At the core of this
analysis is the argument that it is not marginal or incremental changes that are
needed (Andersen and Massa 2000), but major product, process, and system trans-

Different scholars make different distinctions in ecological modernization schools of
thought. See for instance, Christoff (1996) and Dryzek (1997) who distinguish radical
and reformist versions of ecological modernization, and Mol and Sonnenfeld (2000a)
who suggest that ecological modernization theory has developed in three historical
phases, each with its own dominant tradition.
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formations — often beyond those dominant industries and firms are capable of de-
veloping easily*.

3. Ecological Modernization and Its Problems

Ecological modernization theory apparently arose in response both to those who
argue for a transformation of society/the industrial system according to the anti-
development formulations of deep ecology — and alternatively to those who were
convinced that while historic regulatory approaches were incapable of adequately
addressing remaining or new environmental problems, other options might be suc-
cessful. What emerged as tenets of present formulations of the still-evolving the-
ory are several lines of thought which begin differently in different disciplinary
domains, but have since been melded into the theory:

0. unregulated capitalism is responsible for the present ecological and environ-
mental problems, and this is partly because the prices of goods and services do
not adequately represent the social costs of production and consumption;

1. historically, command and control” regulation has been only partly successful
in correcting market failures, because it proved inflexible, it under-utilized eco-
nomic instruments, and it focused on end-of-pipe approaches, rather than on
preventive or precautionary "cleaner technologies"; and

2. under thoughtful “reflexivity”(Teubner 1983), the present and enlightened in-
dustrial actors can succeed in advancing the material well-being of citizens,
contribute to their nation’s competitiveness, and can also contribute to the nec-
essary scientific and technological changes (innovations) in products, proc-
esses, and services to adequately meet the environmental challenges — espe-
cially if a broad array of stakeholders are involved.

This argument is centered on the idea of "the winds of creative destruction" developed
by Joseph Schumpeter (1939) in explaining technological advance. The distinction be-
tween incremental and radical innovations — be they technological, organizational, insti-
tutional, or social — is not simply line drawing along points on a continuum. Incre-
mental innovation generally involves continuous improvements, while radical innova-
tions are discontinuous (Freeman 1992), possibly involving displacement of dominant
firms and institutions, rather than evolutionary transformations. Christensen (1997) dis-
tinguishes the former as "sustaining innovation" and uses the term "disrupting innova-
tion" rather than radical innovation, arguing that both sustaining and disrupting innova-
tions can be either incremental or radical. See the later discussion below. In contrast,
Kemp (1994 and 1997) argues that ‘technological regime shifts’ brought about by ‘stra-
tegic niche management’ can result in radical (i.e., disrupting) innovation through a
stepwise evolution in learning and experimentation by dominant firms. See also Kemp
and Loorbach (2003) and Rotmans et al. (2001).
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My purpose here is not to weigh in on one side or the other of the sustainable de-
velopment/anti-development debate or to address the subtleties of connecting
these trains of thought, but rather to argue that some forms of ecological moderni-
zation theory as it is developing have the danger of not offering a solution to the
problem. In a too narrow or strict or one-sided application, these basic tenets alone
are unlikely to be strong enough to guide the policies needed to more closely ap-
proximate a sustainable industrial system.

Even if we take comfort from the fact that the eco- or energy efficiency of
products and services have made dramatic improvements over the last decade, the
fact of the matter is that the rate at which the best technologies are diffused into
the world economy and the rate at which consumption is increasing will not be
sufficient to address the environmental problems we now face (Andersen and
Massa 2000)°. Not only are eco-systems seriously endangered by destruction of
the ozone layer, global warming, and the global diffusion of pesticides, but new
threats are now suggested related to endocrine disruption compromising the repro-
ductive systems of all species at levels of chemical exposure in the parts-per-
trillion, rather than parts-per-million range (Colborn et al. 1996). Evidence is in-
creasing that diseases heretofore unconnected with chemical exposures, such as
autoimmune disease, attention deficit hyperactivity disorder, and childhood can-
cers, are in fact consequences of the chemicals-based industrial production and
consumption (Ashford and Miller 1998).

Regarding unregulated capitalism, getting the prices right will help, but it will
only address market imperfections, not the fact that for some problems, such as
global warming, even a perfectly working market is insufficient to address the
problem — because of both the disparate time horizons over which present costs
and future benefits are distributed, and because equity concerns are not adequately
reflected in market decisions.

Some commentators have simply read the history incorrectly or too narrowly
with regard to the limitations of command and control environmental regulation.
For neo-liberal economists, for instance, command-and-control regulation is too
often a conveniently-constructed straw man; it is alleged that most regulation re-
quires specific technologies to address environmental hazards. In the US, regula-
tion has, in fact, mostly been definitive on targets, but flexible on means. Where it
has been stringent enough and designed thoughtfully — which as ecological mod-
ernization theorists rightly claim has not always been the case - regulation has
spurred technological innovation of the kind desired by the ecological moderniza-
tion theorists (Strasser 1997). In Europe, regulation reflects a softer, less-
confrontational, and hence less technology-forcing situation (Gouldson and Mur-
phy 1998; Wallace 1995). This demonstrates the need for a less generic and more
context-specific idea of ecological modernization.

Finally, inviting industry to solve the problems by operating in a more modern
and enlightened manner, can be a viable addition to conventional ideas of envi-

5 See McDonough and Braungart (1998), who argue that more than "eco-efficiency” is

required in the sense advocated by Schmidheiny (1992). Fundamental redesign is re-
quired.
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ronmental regulation. But counting only or mainly on existing industries for envi-
ronmental transformation ignores increasing evidence that it is not just willingness
and opportunity/motivation that are required for such change, but that a third cru-
cial condition — the ability or capacity to change — is essential (see below). This is
unlikely to be present or within grasp of the dominant technological firms (Ash-
ford 2000). Dominant technologies rarely if ever displace themselves in product
markets (Christensen 1997), or in general (Schumpeter 1939). In some situations
they may do so because society or market demand sends a strong signal, but not in
all or even in most of the cases. This belief has, so far, turned out to be mostly
wishful thinking.

If rather modest improvements in the eco- and energy efficiency of products,
processes, and services were sufficient to address the problems that we now face,
then the more neo-liberal, market-oriented and technocratic forms of ecological
modernization in the industrialized nations might be of great interest for fashion-
ing solutions to world-wide sustainability®. Unfortunately, this is not the case. On
the other hand, in developing countries — which to an increasing extent follow,
copy, and adapt technologies from the developed world, rather than develop new
ones - a theory of governance which involves the stakeholders and provides the
most receptive environment possible for technology diffusion — does have merit,
especially where traditions of government intervention and regulation are weak’.
But, the developing world needs something good to copy or adapt. Ecological
modernization, at least in its neo-liberal incarnation, does not produce the techno-
logical and social innovations necessary to do the job.

The remainder of this essay addresses the alleged failure of regulation, the evi-
dence that cooperative approaches by themselves offer more promise, the condi-
tions under which innovation needed for sustainability can occur in industrial
firms, and approaches to resolving the apparent dilemmas in environmental policy
and governance.

4. Has Regulation Failed?

The justification for government intervention in activities of the private sector is
cited by neo-classical economists to be based on "market failure,” the inability of
the unregulated market to internalize the social costs of production. These market
failures are legend and are manifested as environmental degradation, resource de-
pletion, and compromises to worker and consumer health and safety. In the 1970s,
traditional end-of-pipe regulation significantly improved industrial emissions to
air, effluents to water, and waste disposal and treatment. In recent times, progress

For a discussion of the industrial firm’s motivations for making modest improvements
of an evolutionary or "sustaining" nature, see Reinhardt (1999).

For a discussion of the transferability of environmental regulatory systems from devel-
oped countries to developing countries in the context of the experience in Poland, see
Brown (2000).
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in environmental improvements appears to have been slower. In addition, indus-
try’s objection to so-called "command-and control regulation” has been increas-
ingly vocal, especially in the US. At the same time, in both the US and Europe,
concerns with increasing levels of unsustainable production and consumption have
lead to the realization that major changes in industrial practices are needed "be-
yond compliance" with current environmental standards and current levels of en-
ergy production and use?. Thus, frustration has been voiced by both the regulated
industries and environmentalists about traditional regulatory approaches. How-
ever, US and European responses to this frustration have been different.

In the US, the anti-regulatory climate of the 1980s — and continuing to this day
- argued for reducing the burdens on industry who "knew better” than the gov-
ernment bureaucrats how to handle responses to environmental challenges. Those
observers who were disillusioned with government’s inability to deliver better
protection argued that “we have exchanged market failure (the original justifica-
tion for government intervention) for bureaucratic failure limits in central regula-
tory capacities)” (Fiorino 1999). A closer reading of regulatory history gives a dif-
ferent interpretation. Markets are inherently unable to internalize (unpriced) social
costs without intervention. Bureaucracies, while not perfect, are not inherently
flawed. In the US, it was national leadership that failed since the 1980s to stream-
line regulatory processes!® and to promulgate the kinds of standards that stimu-
lated technological changes that could lead to significant change and win-win sce-
narios (Ashford 1993). While the US Pollution Prevention Act was enacted in
1990, no serious effort followed at translating this act into meaningful require-
ments. Industry "picked the low-hanging fruit” and worked at the margin of under-
taking housekeeping changes, rather than implementing serious technological
change (Ashford 1993; EPA 1991; Hirschhorn 1995). The truth is that there were
plenty of unexploited win-win opportunities for pollution prevention/cleaner pro-
duction. Industry was not very interested in pursuing them, given other interests,
reduced pressure from a reluctant, beleaguered, and underfunded regulatory sys-
tem, and the fact that serious pollution prevention efforts take time, are disruptive
to an industry struggling to meet inventory demands, and risky — even with saving
of costs and increasing profits in the longer run.

The US Environmental Protection Agency (EPA) understood the need for bu-
reaucratic reform, much in line with more sophisticated and less neo-liberal eco-
logical modernization ideas. It established the multi-stakeholder National Advi-

8 See Porter and van den Linden (1995a,b) and Reinhardt (1999) for a discussion of the
conditions under which industrial firms might be motivated to go beyond compliance
under regulatory pressure.

See Vogel (2002) for an interesting commentary on how the US and Europe have
‘traded places’ in their approach to stringent regulation.

For example, "innovation waivers," allowing more time for compliance in return for in-
novative approaches on the part of industry, were permitted in statutory provisions in
environmental laws, These might have encouraged better and cheaper environmental
technologies, but they had hardly ever been used because of the lack of proper incen-
tives for agency personnel to get involved with complex issues (Ashford et al. 1985).
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sory Council on Environmental Policy and Technology (NACEPT) as a sister ad-
visory board to its Science Advisory Board to work on accelerating progress and
reducing perverse incentives for the adoption of cleaner production and pollution
prevention technologies. The Council subscribed to a win-win philosophy, believ-
ing that changes in technology could provide better compliance at lower costs.
The author chaired the core committee of that council — the Technology, Innova-
tion, and Economics Committee — which issued a series of reports resulting from
multi-stakeholder working groups in the early 1990s, laying out the strategies for
streamlining and reducing barriers to environmental technology diffusion and in-
novation, mostly within the existing regulatory structure (NACEPT 1991-1993).
Eventually these ideas were transformed in the US EPA's Technology Innovation
Strategy. Unfortunately, because standards promulgated in the decade prior to
these efforts were not stringent or demanding, industry was not interested in tak-
ing advantage of a streamlined regulatory approach to environmental protection'!.

The strategic question is whether and how we can re-conceptualize the regula-
tory approach which has as its focus the deliberate stimulation of innovative solu-
tions, rather than the historical defining of environmental problems and "accept-
able risk" (Finkel and Golding 1994), or whether we should retreat from the tradi-
tional path of regulation and only or mainly trust on market actors and consensual
styles of environmental reforms.

"Command-and-control" regulations have been the whipping boy of economists
and government critics, often with a misconception of what these regulations actu-
ally require. The implication of the term is that both the targets and the means for
compliance are specified by regulation. In fact, this is only occasionaily the case.
Many environmental standards are health-based standards, without reference to
the means of compliance. Most so-called technology-based standards require the
adherence to pollution levels that reference technologies can achieve, but the stan-
dards do not require that these reference technologies actually be used. The use of
more innovative or cost-effective technologies are, in fact, possible and there are
statutory provisions allowing their adoption (Ashford et al. 1985; Becker and Ash-
ford 1995), although — as discussed above — environmental authorities such as the
US EPA could do more to encourage their use.

In a number of studies at the Massachusetts Institute of Technology (MIT) be-
ginning in 1979, it was found that in the US, regulations in the chemical producing
and using industries did stimulate significant fundamental changes in product and
process technology, which also benefited the industrial innovator, provided the

" One justified criticism of traditional regulation is that it is fragmented on a media-

specific basis. Air, water, and waste regulation evolved as separate systems and unco-
ordinated regulatory requirements do create disincentives for holistic, prevention-
oriented technological change. In the US, coordinated, facility-based permitting, while
not commonplace, is increasingly implemented to meet this criticism, as are some of
the "regulatory reinvention" strategies discussed below. In Europe, some voluntary
agreements are multi-media in nature, but most continue to be single-media (or energy)
focused. Thus, the fragmentation of efforts across problem areas continues to plague
whatever approach to improving environmental quality is currently in vogue.
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regulations were stringent and focused (Ashford et al. 1985). This empirical work
was conducted fifteen years earlier than the emergence of the much weaker Porter
Hypothesis which argued that firms on the cutting edge of developing and imple-
menting pollution reduction would benefit economically through "innovation off-
sets" by being first-movers to comply with regulation (Porter and van den Linden
1995a, 1995b)'2. Analysis of the US situation since the earlier MIT studies rein-
forces the strategic usefulness of properly designed and implemented regulation,
complemented — but not replaced — by economic incentives (Strasser 1997).
Perhaps paradoxically, in Europe where regulation was arguably less stringent
and formulated with industry consensus, regulation was not found to stimulate
much significant innovation (Kemp 1997). In the Netherlands, for instance, a con-
cern with future sustainability heralded a series of National Environmental Policy
Plans which were characterized by mandated clear future targets for environ-
mental performance, coupled with a cooperative partnership involving govern-
ment, industry, and NGOs to achieve those targets through flexible means
(Keijzers 2000). Far-future environmental goals were subjected to "backcasting”
to determine what changes needed to be put into practice now to achieve those
goals (Vergragt and van Grootveld 1994). The Dutch researcher, Kemp, whose
views are informed mainly by European environmental regulation (Kemp 1994,
1997) acknowledges that regulation can be an important tool both to stimulate
radical (i.e. disrupting) and environmentally superior technology and to yield eco-
nomic benefits to innovating firms. However, he also expresses faith in evolution-
ary, stepwise change within the original ‘technology regime’ to eventually bring
about the needed transformations. In contrast, a comparison of the Dutch and UK
regulatory systems (Gouldson and Murphy 1998) concludes that stringent regula-
tion, without yielding to the pressure of the regulated firms common in the UK
system, is essential to bring about significant technological changes. Kemp argues
that for a technology regime to shift — i.e., to transform — there has to be a
unique/new niche for a radical alternative (Kemp 1994). What Kemp may not
fully appreciate is that regulation may be essential to create that niche and such
niches are unlikely to be created by incumbent firms. New entrants, rather than the
regulated or "problem industries/firms" will be the responders, and it may be that
technological innovation by new entrants is what is needed for sustainable devel-
opment, consistent with the central theses of both Christensen (1997) and
Reinhardt (1999)%. In his later work, Kemp has come to accept the view that out-
siders are essential (Kemp and Moors 2002). However, writings on ‘transition
management’ continue to emphasize stepwise learning and innovation over dec-

12 See Janicke and Jacob (2002). “Ecological Modernisation and the Creation of Lead
Markets” for an excellent discussion of the importance of creating lead markets for en-
vironmental friendly technologies in the context of ecological modernisation. Unlike,
many others, these authors recognize the need for radical innovations and the limits of
incumbents to achieve the needed changes (this volume).

13 See also van de Poel (2002) for an insightful discussion concerning the importance of
outsiders.
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ades as an essential formula for system innovations leading to sustainability (Rot-
mans et al. 2001; Kemp and Loorbach 2003).

5. Have Consensus-based Approaches Succeeded?

Consensus-based, cooperative approaches have been promoted both in the US
(Susskind and McMahon 1985) and Europe (COWI 1997; EEA 1997). 1t is argued
that alternative dispute resolution (ADR) or negotiation can be a useful tool in the
establishment, implementation, and enforcement of environmental and occupa-
tional safety and health policy. Negotiation can facilitate a better understanding of
issues, concerns, facts, and positions among adversaries. It can also promote the
sharing of relevant information, and can provide an opportunity for creative prob-
lem-solving. ,

While there is little doubt that constructive dialogue among the stakeholders
can reduce misunderstandings, facilitate an appreciation of common ground, and
generate solutions that are mutually-advantageous in the context of a clear set of
established performance criteria or environmental goals, the superiority of self-
regulation or "voluntary regulation” as a replacement for government protection is
another matter (Harrison 1999). Of course, as ecological modernization theorists
have argued, negotiation can be a valuable tool used as an adjunct to regulation,
e.g., in apportioning financial responsibility among a large number of polluters in
toxic waste clean-up operations. Alternative dispute resolution seems to work best
applied to the means by which targets and goals are achieved, rather than in estab-
lishing the targets themselves (see also Mol et al. 2000). In that sense, negotiations
and consensus building can complement direct regulation, although the extent to
which very much depends on the prevailing policy styles and culture rooted in his-
torical developments. Negotiation can, however, not be viewed as an overall pana-
cea for all the various difficulties that typically confront the regulatory policy-
maker’.

Both Coglianese (1997) and Caldart and Ashford (1999) have reviewed the re-
cord of negotiated rulemaking in the United States and are critical of the outcomes
of this approach. Aside from not delivering on the promise of faster and less liti-
gious rulemaking, in general the approach appears to offer less protection and in-
hibit technological innovation. Capture of regulatory agencies by dominant regu-
lated firms remains a serious limitation of the extent to which major innovation
occurs as a result of negotiated rulemaking, implementation, and compliance
(Caldart and Ashford 1999). In the international context, it is widely acknowl-
edged that the Montreal Protocol, an international agreement to phase out ozone
layer destroying chemicals such as chlorofluorocarbons (CFCs), was ultimately
supported by a desire of CFC producers to protect their markets by fashioning an
agreement that favored their own substitutes (Reinhardt 1999), that were not as

4 For an international study that makes this point, see Gouldson and Murphy (1998).
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protective of the ozone layer as those that emerged from other firms, later than
might have been the case.

It is useful to note that "reinvention" initiatives by the US EPA are generally
acknowledged not to be successful, notwithstanding rhetoric to the contrary by the
agency. Many of these same concerns as are voiced in the context of negotiated
rulemaking are apt when negotiation is used in an extra-statutory sense, as it is
now being used in US EPA’s Project XL and Common Sense Initiative, in an at-
tempt to change regulatory policy. Where there is no meaningful incentive for in-
dustry negotiators to move away from the status quo — that is, where there is no
impending “default” standard or requirement that they perceive as onerous — they
may well be interested only in those regulatory changes that save them money
(Caldart and Ashford 1999)",

Industry has also created unilateral voluntary programs, such as Responsible
Care, that boasts of modest success, but their effectiveness is unclear. Firms tend
to respond at their own pace, in their own way, and mechanisms for trade-
association monitoring and sanctioning are weak (King and Lenox 2000; Howard
et al. 2000). There is evidence that these programs tend to inure to the advantage
of large firms over small firms (Nash and Ehrenfeld 1996), possibly favoring un-
desirable increased industry concentration.

There are also examples where cooperative approaches that include environ-
mental and labor stakeholders have yielded positive outcomes resulting in the
adoption of better, but not development of new, technologies. In the context of the
existence of clear mandated government targets, labor union participation can help
firms comply with environmental requirements (Kaminski et al. 1996). Since
workers are often also the residents of the communities surrounding industrial fa-
cilities, they are in a unique position to influence technological changes that im-
prove both worker health & safety and the environmental consequences of produc-
tion. They are often silent partners with community groups in the latter's negotia-
tion of "good neighbor agreements” with local industry (Lewis 1993)6, Labor
contributes technical knowledge about plant technology to the local environmental
groups who in turn press industry for improvement. Unfortunately, mechanisms
improving access to information concerning toxic substances, known generally as
right-to-know laws and policies, have not provided either labor or the community
access to information about alternative technologies of production (Orum, un-
dated). Thus, both informational avenues concerning technology options and the
means to act (the right to act) upon that knowledge is required in order to em-
power workers and communities to press for technological change.

EPA continues to pursue cooperative approaches. EPA’s National Performance Track
was launched in June 2000. It consolidates and builds on several previous "reinvention”
initiatives. It promotes "beyond compliance" by rewarding firms, depending on their
(voluntary) placement in a tiered approach to enforcement. Firms are placed in one of
three levels: status quo, achievement track, and stewardship track (Speir 2001). The
higher the classification, the greater the firms are relieved of intense regulatory scru-
tiny.

16 See also Lewis and Henkels (2000).
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In Europe, two comprehensive studies of "voluntary agreements" conclude that
where there are no regulatory requirements to "back up" cooperative, negotiated
agreements, little real progress at improving environmental and energy efficiency
performance has been achieved (COWI 1997; EEA 1997). The exception is noted
to be the "Dutch Covenant," which is much more than a voluntary agreement be-
tween industry and government. It is, in its best form, an enforceable contractual
promise by the firm, with participation by environmentalists, and milestones and
oversight with legal power to back up the agreement. But these approaches can be
seen in line with more sophisticated ecological modernization ideas, where intelli-
gent combinations of consensual negotiations and direct government regulation
are made.

6. Conditions for Adequate Innovation

It is clear that firms need to adopt or develop technologies (and work practices)
different from those currently being used in order to significantly improve their
environmental performance. Depending on the particular environmental challenge,
the needed technological change could be off-the-shelf available technology, tech-
nology available in a different industry, technology that needs to undergo minor
development and adaptation, or major new approaches. These different types of
changes are known as diffusion, technology transfer, incremental innovation, and
either radical or disruptive innovation respectively!'’. In any case, there are three
elements that are necessary and sufficient for technological change to occur: will-
ingness to change, the opportunity/motivation to change, and the capacity to
change (Ashford 1993, 2000).

Current ecological modernization approaches focus mostly on enhancing the
capacity to change though cooperative efforts that also influence willingness and
opportunity. When implementing ecological modernization for capacity-building,
the question of "capacity building for what?" must be addressed. Neglecting this
question has been a major omission in several branches of ecological moderniza-

17 In this paper, radical innovation is a major change in technology along the lines that
technology has been changing historically, for example a much more efficient air poliu-
tion scrubber. As noted previously, in the context of product markets, Christensen
(1997) calls this type of innovation "sustaining”" and documents that it is usually pio-
neered by incumbent firms. Major innovation that represents an entirely new approach
— characteristic of a ‘technology regime shift’ to use Kemp’s terminology — even if it
synthesizes previously invented artefacts, is termed "disrupting” and it almost always is
developed by firms not in the prior markets or business. The replacement of Mon-
santo’s PCBs in transformers by Dow-Silicone’s dielectric fluid is a stark example. The
new transformer fluid was based on an entirely different molecular model and pio-
neered by a firm not formerly in the dielectric fluid business. Unfortunately, the termi-
nology used in the literature is not uniform; by the term ‘radical’ both Freeman (1992)
and Kemp (1997) mean ‘disrupting’ as defined by Christensen (1997) who reserves
‘radical’ for major innovation within a technology regime.
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tion — especially in failing to take into account the degree of innovation and the
distinction between radical and disrupting innovation (Christensen 1997).

Willingness, opportunity/motivation, and capacity affect each other, of course,
but each is determined by more fundamental factors. Therefore, policy approaches
need to be chosen and designed for their ability to change these more fundamental
factors. Willingness is determined by both (1) the firm's attitudes towards changes
in production technology and products in general and by (2) its knowledge about
what changes are possible. Improving the latter involves aspects of technical ca-
pacity building, while changing the former may be more idiosyncratic to a particu-
lar manager or alternatively a function of organizational structures and reward sys-
tems'®. The syndrome "not in my term of office” describes the lack of enthusiasm
of a particular manager to make changes whose benefit may accrue long after
(s)he has retired or moved on, and which may require expenditures in the short or
near term.

Opportunity/motivation involves both supply-side and demand-side factors. On
the supply side, technological gaps can exist between (1) the technology used in a
particular firm and the already-available technology that could be adopted or
adapted (known as diffusion or incremental innovation, respectively), and (2) the
technology used in a particular firm and technology that could be developed (i.e.,
major or radical/disruptive innovation). On the demand side, four factors could
push firms towards technological change — whether diffusion, incremental innova-
tion, or major innovation — (1) regulatory requirements, (2) possible cost savings
or additions to profits, (3) community or public demand for a less polluting and
safer industry or products, and (4) worker demands and pressures arising from in-
dustrial relations concerns.

Technical capacity or capability can be enhanced by both (1) increases in
knowledge or information about cleaner and inherently safer opportunities, partly
through formal Technology Options Analyses!®, and partly through serendipitous
or intentional transfer of knowledge from suppliers, customers, trade associations,
unions, workers, and other firms, as well as reading about environmental and
safety issues — all leading to increased technological diffusion, and (2) improving
the skill base of the firm through educating and training its operators, workers, and

In an excellent discussion of capacity building, Weidner (2002) explores the conditions
and requirements for changing the attitudes and practices of incumbent polluting (prob-
lem) firms through learning, interactions with cooperative networks, etc. to undertake
changes that vary from incremental to radical innovation. In the context of sustaining
innovations, and for encouraging the diffusion or technology transfer to developing
countries, his insights are invaluable. What his discussion of capacity building does not
capture is the regime-shifting, disrupting changes that may be required for sustainable
development. But also see note 10 as well as Janicke and Jacob (2002).

Technology Options Analysis, as distinct from Technology Assessment, identifies what
technologies could be adopted, or developed, to address a particular health, safety, or
environmental problem (Ashford 1993, 2000). In a similar vein, also see O’Brien
(2000) for a discussion of the need for "alternatives assessment” in responding to envi-
ronmental challenges.
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managers, on both a formal and informal basis — leading to technological innova-
tion.

Capacity to change may also be influenced by the inherent innovativeness (or
lack thereof) of the firm as determined by the maturity and technological rigidity
of particular product or production lines (Ashford et al. 1985; Utterback 1987).
The heavy, basic industries, which are also sometimes the most polluting and un-
safe industries, change with great difficulty, especially when it comes to core
processes. It deserves emphasizing that it is not only technologies that are rigid
and resistant to change. Personal and organizational inflexibility is also important
(Coriat 1995).

Finally, it should be realized that those policies that work to maximize win-win
outcomes using (1) diffusion of presently available technology, might be different
than those needed to stimulate (2) incremental innovation or those necessary for
(3) radical innovation or (4) disrupting innovation. Policies of the first and usually
second type strive for static efficiency; leveraging the firm’s self-interest through
consciousness-raising, continuous learning, and other techniques of ecological
modernization may be helpful here. Other policies aiming at creating new dy-
namic efficiencies require much more than incremental learning and technological
change (Ashford 2000).

7. Resolving the Apparent Policy Dilemmas

Recalling that a sustainable future requires technological, managerial, and so-
cial/cultural changes, it is likely that an evolutionary pathway is insufficient for
achieving factor ten or greater improvements in eco- and energy-efficiency
(McDonough and Braungart 1998), and reductions in the production and use of,
and exposure to, toxic substances (Ashford 2000). Such improvements require
more significant and revolutionary changes (Andersen and Massa 2000; Reijnders
1998). The capacity to change can be the limiting factor — this is often a crucial
missing factor in optimistic scenarios.

Significant industrial transformations occur less often from dominant technol-
ogy firms, or in the case of unsustainable practices, problem firms' capac-
ity-enhancing strategies®, than from new firms that displace existing products,
processes and technologies. This can be seen in examples of significant techno-
logical innovations over the last fifty years including transistors, computers, and
PCB replacements (Ashford 1994, 2000; Ashford and Heaton 1983; Strasser
1997).

Especially in industries which are "flexible" and always changing their prod-
ucts, we may be justifiably enthusiastic about existing firms' ability to move to-
wards sustainable production. In this case, closer relations with customers and
NGOs may be particularly helpful. But where the product line is "rigid" or mature

20 Such as continuous learning, using life cycle analysis, change and niche management,

and environmental management systems.
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- as was the case of PCBs, and is the case with several other unsustainable tech-
nologies — change is not easy, and Schumpetarian revolutionary "waves of crea-
tive destruction" replace the product via new entrants to the market.

Christensen (1997) discusses the relatively rare successful management of dis-
ruptive product innovation by the dominant technology firms. In these disruptive
product innovations:

¢ managers align the disruptive innovation with the "right" customers

o the development of those disrupting technologies are placed in an organiza-
tional context that is small enough to get excited about small opportunities and
small wins, e.g., through "spin-offs" or "spin-outs"

e managers plan to fail early, inexpensively, and perhaps often, in the search for
the market for a disruptive technology

e managers find new markets that value the (new) attributes of the disrupting
technologies

Since, this is rarely done in the commercial context of product competition, it is
unlikely to occur for many sustainability goals without either strong social de-
mand or as a result of regulation®!. This reinforces the view that disrupting innova-
tions are necessary and the policy instruments chosen to promote sustainability
need to reflect these expectations.

Rigid industries whose processes have remained stagnant also face considerable
difficulties in becoming significantly more sustainable. Shifts from products to
"product services" rely on changes in the use, location, and ownership of products
in which mature product manufacturers may participate, but this requires signifi-
cant changes involving both managerial and social (customer) innovations.
Changes in socio-technological "systems", such as transportation or agriculture are
even more difficult (Vellinga and Herb 1999). This suggests that the creative use
of law is a more promising strategic instrument for achieving sustainable indus-
trial environmental transformation, than the reliance of the more neo-liberal forms
of ecological modernization on firms' economic self-interest.

This is not to say that technical assistance by government; enhanced analytic
and technical capabilities on the part of firms; cooperative efforts and improved
communication with suppliers, customers, workers, other industries, and environ-
mental/consumer/community groups are not valuable adjuncts in the transforma-
tion process. And that is of course the value that ecological modernization schol-
ars have brought into the discussion on major transformations in product, proc-
esses and socio-technical systems. But in most cases these means and strategies
are unlikely to be sufficient by themselves for significant transformations, and
they will not work without clear mandated targets to enhance environmental,
safety, and health performance of the private sector. Nor will streamlining regula-
tory processes by itself be sufficient for the transformations that are needed.

21 For a more optimistic view that large firms in established product markets can suffi-

ciently transform, see Hart and Milstein (1999).
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Government has a role to play in providing the opportunity for technological
transformation/sustainable development through the setting of clear standards and
policy goals, while allowing flexible means for industry to achieve those goals.
Care must be taken to avoid dominant technological regimes from capturing or
unduly influencing government regulation or negotiation processes. New entrants
and new technologies must be given a chance to evolve to address environmental
problems. Direct support of research and development, tax incentives for invest-
ment in sustainable technologies, and other technical assistance initiatives that fall
under the rubric of "industrial policy" are other areas where government can make
a difference (Nelson and Rosenberg 1993). Ideally, an "industrial policy for the
environment" would include provisions relating to not only production and the en-
vironment, but also consumption, employment, and trade. Regulatory and other
policy design and implementation are largely in the hands of government. The
government can not simply serve as a referee or arbiter of competing interests be-
cause neither future generations nor future technologies are adequately repre-
sented by the existing stakeholders.

8. Final Commentary

Two different approaches are vying for the preferred pathway to address environ-
mental problems. Ecological modernization approaches ask the question, How can
we best encourage the creative forces of different sectors of society to make the
necessary changes through cooperative involvement of stakeholders, continuous
learning, innovative governance, regulatory streamlining, etc.? A technology-
focused regulatory approach asks, How do we identify and exploit the opportuni-
ties for changing the basic technologies of production, agriculture, and transporta-
tion that cause damage to environment and health? In the latter approach, a policy
choice has to be made for each environmental problem of (1) whether we want to
effectuate a transformation of the existing polluting or problem industrial sectors
or (2) whether we want to stimulate more radical and disrupting innovation that
might result in technology displacement. Considerations of risks, costs, equity,
and timing are relevant to all these questions.

Historically, the US EPA and most economists, scientists, and risk analysts
have explored avenues of implementing the first approach. On the other hand, ac-
tivists and others interested in significant industrial transformations have focused
on the second approach and argued for application of political will and creative
energy in changing the ways that industrial systems are constructed. The first ef-
fort promotes rationalism within a more or less static world; the second promotes
dynamic transformation of the industrial state as an art form.

In a January 1994 report, the US EPA reveals a clear evolution of thinking,
from a preoccupation with risk, to a concern for fundamental technological
change. That report's introduction states:

Technology innovation is indispensable to achieving our national and interna-
tional environmental goals. Available technologies are inadequate to solve many
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present and emerging environmental problerss or, in some cases, too costly to bear
widespread adoption. Innovative technologies offer the promise that the demand
for continuing economic growth can be reconciled with the imperative of strong
environmental protection. In launching this Technology Innovation Strategy, the
Environmental Protection Agency aims to inaugurate an era of unprecedented
technological ingenuity in the service of environmental protection and public
health...This strategy signals EPA's commitment to making needed changes and
reinventing the way it does its business so that the United States will have the best
technological solutions needed to protect the environment. (EPA 1994)

Unfortunately, this article of faith has not been followed up with action, and
neither the US nor Europe has come to grips with just how much major techno-
logical innovation should be encouraged, especially if it means the displacement
of dominant technologies and even firms. If factor ten (or greater) is what is de-
sired in pollution or material/energy use reduction, limiting policy initiatives to
those involving cooperation with existing firms could limit success — especially if
the targets, as well as the means and schedule for reaching the targets, are negoti-
ated between government and those firms.

Finally, it must be realized that the choice of approaches are context-specific. It
matters in a particular national environment whether there are (1) strong regula-
tory traditions and institutions, weak traditions and/or institutions, or (complete)
absence of regulatory structure and culture; (2) strong trusteeship vs. arbitration
traditions on the part of government; and (3) whether government is independent
of capture or undue political influence by incumbent regulated firms. Current eco-
logical modernization approaches might be best applied in regimes where diffu-
sion, rather than innovation is likely to occur, as for example in the context of
some developing countries®?. But these same approaches could limit needed ad-
vances in industrialized countries. Involving a broader group of stakeholders and
encouraging minor structural changes may not suffice; more radical and far-
reaching institutional changes are needed, within the framework of "command-
and-control" environmental governance.

22 This contradicts to some extent the findings in most branches of the ecological mod-

ernization literature (cf. several contributions in Mol and Sonnenfeld 2000b).





