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TMP thermo-mechanical pulp
TNC transnational corporation
TQC total quality control
TQM total quality management
TRI Toxic Release Inventory (USA)
TSS total suspended solids
UABR upflow anaerobic sludge blanket reactor
UNEP United Nations Environment Programme
UNIDO United Nations Industrial Development Organization
UNU-INTECH United Nations University Institute on New Technologies
US-AEP United States-Asia Environmental Partnership
VAM Vuilafvoer Maatschappij (Netherlands association for waste

removal)
VROM Netherlands Ministry of Housing, Spatial Planning and the

Environment (which succeeded VoMill)
VVAV Vereniging van Afvalverwerkers (Netherlands association of

waste removal workers)
WBCSD World Business Council for Sustainable Development
WIR Wet Investeringsregeling (Netherlands investment regulation

law)
WTO World Trade Organization
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Preface

Policy instruments to control industrial pollution are all based – implicitly
or explicitly – on an assumption that public policy can alter the extent
and direction of technological change in industry, either by promoting
the diffusion of existing technologies, encouraging the development of
new technological solutions or stimulating firms to engage in incremental
improvements to products or production processes.

Yet it is only in the last few years that we have begun to amass a body
of empirical evidence on the links between environmental regulation and
innovation. This is true in both developing and developed countries.
However, the efforts to synthesize and analyse the available empirical
data have to date focused largely on issues of instrument choice, notably
the debate over the relative merits of ‘‘command and control’’ regula-
tions versus market-based instruments such as pollution charges and
tradeable emissions permits. Policy makers in the environmental or inno-
vation fields thus have little basis on which to assess the likely influence
of regulation on the innovation process in particular firms and industries.

This volume approaches the issue from a different perspective. It ex-
amines the way in which environmental regulations interact with the
characteristics of particular industrial sectors and firms in different
socio-economic systems to influence the development of environmental
technologies. The focus, in other words, is less on the design of optimal
environmental policy measures and more on understanding how envi-
ronmental regulations fit into an overall innovation system, complete
with context-specific institutional landscapes. This volume explores the
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scope for integrating environmental and innovation policymaking pro-
cesses. The view adopted in compiling this volume is that the regulation-
environmental innovation nexus can be more comprehensively investi-
gated through understanding the formal and informal institutions that
govern and transform industrial activity over time.
The volume combines theoretical and conceptual analysis with empiri-

cal case studies of particular firms and industries in both industrialized
and developing countries. It concludes with a discussion of implications
for environmental and innovation policy, based in part on the proceed-
ings from the workshop held during 4–5 March 2002 in Maastricht, the
Netherlands. The workshop involved researchers as well as public-sector
officials responsible for environmental or innovation policy in countries
included in the study.
This project is a collaborative initiative between the United Nations

University’s Institute on New Technologies (UNU-INTECH) and the
International Development Research Centre (IDRC), Canada. It draws
in particular upon research supported by INTECH and by IDRC, along
with contributions from other experts in the north and the south.

Brent Herbert-Copley
Saeed Parto
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Introduction

Saeed Parto

Since the industrial revolution and until around the mid 1960s, the envi-
ronment and environmental issues were viewed as secondary to eco-
nomic development and technological progress. A polluted river or lake
or ravaged countryside was a sign of progress and prosperity. The full ex-
tent of the negative impacts of industrial activity was unknown and there-
fore not a policy concern at any level. The environmental awareness that
began in the 1960s culminated in a series of national and international fo-
rums on the links between economic development and the environment
and the importance of environmental protection at a global scale. There
was increasing recognition that the unprecedented environmental prob-
lems of the time had been caused by accumulated pollution from inten-
sive industrial activity over many decades; pollution that contaminated
food, fodder and water resources and endangered humans and other
species.

The current focus on the environment and environmental protection
has its roots in the period between 1965 and 1970. A series of highly pub-
licized environmental accidents and persistent problems such as acid rain
and surface- and groundwater contamination in numerous countries in
the industrialized North led to a proliferation of environmental groups,
followed by a series of legislative measures aimed at curbing pollution
at the business enterprise and public utility levels. The period of politi-
cization that ensued saw environmental non-governmental organizations
(ENGOs) and business corporations pitted against each other as the main
protagonists, with governments often acting in a catch-up mode initially
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and later as the arbitrator of the conflicts. By the late 1990s these roles
had evolved in many industrialized and industrializing countries. Many
governments had begun a move away from introducing reactive and
output-oriented regulations to deal with acute environmental problems
and toward interactive regulatory regimes and process-oriented regula-
tions. Many business enterprises employed highly sophisticated tech-
niques to manage their environmental impacts and undertook lobbying
to ensure that environmental regulations caused minimal interruption
to normal business activity. In the meantime, NGOs in some indus-
trialized countries made themselves available to work with willing gov-
ernment and private-sector actors toward meeting shared environmental
objectives.
Although the history of environmental regulations goes back a few

centuries, the modern era of environmental regulation began in the early
1970s. Since then environmental regulation (or the threats thereof) has
been used with increasing intensity and sophistication as a main instru-
ment of steering the behaviour of economic agents in industrial produc-
tion. The purpose of environmental regulation has been to coerce pro-
ducers of goods and services into internalizing environmental costs of
production. These attempts have not gone without facing opposition on
practical and ideological grounds. For example, a report by the United
States’ Joint Economic Committee (JEC) in 1996 argued that as far as
firms were concerned, environmental regulations were no different from
taxes as they were both costs to be incurred over and above the ‘‘nor-
mal’’ production costs. Furthermore the report argued that environmen-
tal regulations were not conducive to innovation because ‘‘the very na-
ture of innovation is its unpredictability [and] future innovations cannot
be directed by bureaucrats’’ (JEC, 1996: 2).
The arguments for environmental regulation are usually based on what

has come to be known as the ‘‘Porter hypothesis’’. In addition to recog-
nizing the need for environmental regulation to address acute and chron-
ic environmental problems, Porter (1991, 1996) and Porter and van der
Linde (1995) push the envelope further by suggesting that at least in
some sectors carefully designed environmental regulation as a key fea-
ture of industrial policy can increase firm competitiveness by encouraging
innovation in environmental technologies. This could be particularly the
case if environmental regulations are products of interactive and systems-
based policy thinking and policymaking. Whether environmental regula-
tion leads to more or less innovative activity remains a contested issue
among commentators from government, industry and academia, how-
ever.1 There are numerous case studies in support and rejection of the
Porter hypothesis.2 Interestingly, in some cases the hypothesis is used to
argue for (unregulated) environmental management through voluntary
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initiatives by firms since the potential economic advantages of cleaner
production are viewed as providing sufficient motivation for firms to
clean up and potentially innovate to protect the environment.3 Regard-
less of orientation, all the arguments and counter arguments are prem-
ised on the recognition that environmental regulations represent a signif-
icant factor in shaping the environmental behaviour and economic
performance of industrial firms and in setting the parameters that deter-
mine the environmental sustainability of the economic system.

As far as the interplay between environmental regulation and innova-
tion is concerned, three overlapping features of the Porter hypothesis are
worth highlighting.4 First, the hypothesis emphasizes outcomes and not
processes and thus excludes process innovation. Second, regulations may
constrain ‘‘normal’’ profit-making activity and force firms to explore un-
charted profit-making territories and to become innovative in taking
advantage of new opportunities. Finally, environmental regulations could
act as shocks to the normal operations of the firm, inducing it to innovate
for compliance and profit maximization. The economic costs and regula-
tory ramifications of these outcomes have important implications for in-
novation policy. However, these features of the hypothesis are difficult to
investigate systematically (Jaffe and Palmer 1996) due to the inadequa-
cies of the available data and are perhaps best tested in context-specific
case studies. In addition, the Porter hypothesis rather neglects the institu-
tional context of environmental innovation since Porter, like most of his
critics, views the regulations-innovation nexus in a linear fashion and as
something that is singularly ‘‘good’’ or ‘‘bad’’ for innovation, competition
and sustained economic growth.

A broader view of environmental regulations characterizes them as
one element in a plethora of ‘‘institutions’’ that collectively structure so-
cial interactions and economic transactions through redefining (or steer-
ing) firm behaviour and economic activity as a whole. Some have argued
that the new environmental awareness among economic actors, the pro-
liferation of new or adapted technologies to address environmental prob-
lems, and reduced materials use combined with evolving environmental
regulations constitute ‘‘ecological modernization’’ of industrial activity
(see Mol and Sonnenfeld 2000; Murphy 2000)5 while others have used
the term ‘‘transition’’ (see Kemp, this volume) to conceptualize this
transformation. A key point of departure for the proponents of ecologi-
cal modernization theory and transitions is that improvements in envi-
ronmental well-being can be achieved through technological advances
and other forms of innovation leading to increased efficiency in systems
of production and consumption.

The (largely) retrospective perspectives of ecological modernization
and transitions are based on the transformation process to which the en-
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vironmentalism of the 1970s has been subjected. The loosely organized
and NGO-based environmental movement of the 1970s had become, by
the late 1980s, a largely institutionalized source of information dissem-
ination on significant environmental issues for a host of actors, includ-
ing regulatory agencies. By the early 1990s it had become apparent that
many of the environmental problems targeted by policymakers required
more than end-of-pipe solutions and incremental innovation. Increas-
ingly, environmental scholars and policymakers were using such terms as
paradigm shift, regulatory reform, regulatory regime change, structural
transformation and ecological modernization.
For the most part the new vocabulary was more reflective of the polit-

ical implications of environmental protection and environmental policy-
making. The move toward liberalization coupled with the continued fail-
ure of the market to protect the environment as a public good resulted
in a dialogue involving the private and public interests on the role of
governments in environmental protection and improvement. ‘‘Transition
management’’, adopted as a policy style by the Dutch government, and
ecological modernization, adopted by the red-green German government
since 1998, are products of this dialogue in the European context. Else-
where, numerous countries in the north and south have adopted environ-
mental policies and issued comprehensive formal statements on their
commitment to environmental protection and sustainable development.
The complexities of the environment-economy relationships disallow

‘‘one-size-fits-all’’ solutions to similar environmental challenges in differ-
ent contexts. It would be naı̈ve to expect that the Dutch or the German
deliberative policy styles could be readily adopted by other countries
since there are fundamental differences among the modes of governance
and stages of economic development that characterize the different
nation states. To be successful, an environmental policy has to resonate
with the formal and informal institutions through which governance is
exercized. The long tradition of democratic and participatory modes of
governance in Nordic and western European countries is not present
in many countries experiencing similar environmental challenges. For ex-
ample, in Taiwan (see Yap et al., this volume) environmental policy,
much like other policies, is implemented in a top-down fashion by a
rather paternal state apparatus that systematically induces firms to invest
in process and product innovation including environmental technologies.
Historically, inducement in the case of Taiwan has employed both regu-
latory and non-regulatory incentives.
Regardless of how regulatory and other changes have come about in

each of the cases in this volume, it is clear that in every case a transition
or a significant degree of ecological modernization has taken place.
The transformation in each case has been problem-driven and, in some
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cases, achieved through deliberate planning. For example, as Chudnov-
sky and Lopez illustrate in chapter 3 the structural transformation of the
Argentinean industry took place in response to exogenous economic fac-
tors but yielded direct environmental benefits as various sectors needed
to modernize in order to remain competitive. The need for moderniza-
tion led many firms to adopt technologies with superior environmental
performance. A similar point is made by Herbert-Copley (this volume)
in the case of Canada’s pulp and paper industry. The case studies in this
volume illustrate the need to adopt a non-linear perspective on the evo-
lution of environmental regulatory change and environmental innova-
tion. To attend to this need we utilize the notion of transitions and draw
on the institutionalist literature to provide a more encompassing view of
the environment-regulation nexus.

The remainder of this introductory chapter is organized as follows.
We reconceputalize the notion of transitions from systems and institu-
tional perspectives and then proceed to provide a summary of the case
studies to underline the extent to which the notions of transitions and in-
stitutional change can assist us to understand environmental regulatory
change and its implications for environmental innovation. One important
caveat in our conceptualization is that we adopt a wide definition of inno-
vation to include novelty not only in products and processes but also in
policymaking styles.

A systems-based view of transitions

A transition is a process of change through which society, or a sub-
system of society, moves to a different stable state. A transition is in-
duced through interplays of social, economic, ecological, technological
and institutional developments (Rotmans, Kemp and van Asselt 2000).
Transitions are evolutionary phenomena embodied in systemic processes
that combine new and old elements to generate a new regime or state
through a relatively rapid and sometimes chaotic process. The concept
of transition thus articulated is firmly rooted in the development of com-
plex systems (Nicolis and Prigogine 1989; Kay 1991), which holds that
under certain conditions open systems will ultimately move away from
equilibrium and will establish new stable structures. The development of
complex systems is characterized by phases of rapid (re)organization
leading to steady states, which after a period of relative calm tend to lose
their stability and move toward rapid reorganization to constitute a new
dynamic equilibrium.

The organization/disorganization/reorganization process that charac-
terizes a given (sub)system may be continuous or catastrophic, but is in
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both cases evolutionary in that at no time are all total system components
‘‘stationary’’. In addition, each new state has elements or remnants of past
states and thus there are no entirely ‘‘new’’ states. Some steady states
may be more stable than others, however. A transition is thus said to oc-
cur when a new (significantly different) dynamic equilibrium is reached
(Rotmans, Kemp and van Asselt 2001). The occurrence of a transition
can be traced to a series of interrelated institutional changes in and be-
tween the stable states.
Transitions occur over relatively long periods of time (twenty to thirty

years or longer) and the process of change is non-linear and analogous to
the development of Kay’s (1991) ‘‘thermodynamic branches’’ (figure I.1).
To illustrate, the path in figure I.1A depicts a subsystem that develops
along a thermodynamic branch toward an ‘‘optimum operating point’’
where the organizing and disorganizing forces neutralize one another
and thus stabilize. Changes in the total system can cause a movement
from the stable optimum operating point to a new optimum operating
point (figure I.1B, 2). This is equivalent to moving to an earlier, less sta-
ble, ‘‘successional’’ stage. In figure I.1B, the (sub)system is more volatile
at point 2 than at point 1. If this new balance is further disturbed, due to
additional changes in the larger system, the subsystem can move away,
through a bifurcation, from the original thermodynamic branch to a new
branch and onto a new optimum operating point (figure I.1C, 3). Kay
(1991) refers to these transitions as ‘‘flips’’ in the subsystem.
Using similar metaphors to Kay’s (1991) conceptualization and draw-

ing on ‘‘demographic transitions’’ (Davis 1945), Rotmans, Kemp and van
Asselt (2001) hypothesize that transitions consist of the following stages
(see figure I.2):
(1) A pre-development phase of dynamic equilibrium where the status

quo does not visibly change.
(2) A take-off phase where the process of change gets under way be-

cause the state of the system begins to shift.
(3) A breakthrough phase where visible structural changes take place

through an accumulation of socio-cultural, economic, ecological and
institutional changes that react to each other. During the acceleration
phase, there are collective learning processes, diffusion and embed-
ding processes.

(4) A stabilization phase where the speed of social change decreases and
a new dynamic equilibrium is reached.

In the predevelopment phase, clearly defined structures, routines and
repetitions characterize the subsystem and provide a certain degree of
predictability of events. The onset of change is evidenced through the oc-
currence of unprecedented events, a weakening of existing structures and
decreased repetition. ‘‘Events’’ may be significant social, environmental
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Figure I.1 Transitions from a complex system’s perspective
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and economic problems, new visions or innovation. The emergence and
establishment of new structures and routines mark the beginnings of
a new institutional order closely associated with a new, stable dynamic
equilibrium. These phases are consistent with Kay’s (1991) conceptual-
ization of ‘‘thermodynamic branches’’ (figure 1) and Rostow’s (1960)
‘‘modernization theory’’.6
A transition may be said to have occurred every time an optimum

operating point is instituted in the subsystem. The subsystem may be an
ecosystem (Kay 1991, 1994), an organization, a policy domain (Ostrom
1999; Sabatier and Jenkins-Smith 1999), a system of production and con-
sumption, a group, a scientific discipline or a paradigm (Gersick 1991).7
Change viewed in this light is never entirely constituted of new elements.
Rather, it is a product of the processes of variation and selection in which
there is heredity and recombination of technologies, ideas, practices, rou-
tines and forms. The occurrence of radical technology and its adoption by
existing organizations, or the occurrence of surprises and breakdowns of
existing regimes, are all events that can catalyze change and the onset of
new trajectories and institutionalization processes.
Relative stability of institutional dynamics may be viewed as the opti-

mum operating point in figure I.1C. When an event, or a set of inter-
related events, forces a movement to a bifurcation point (figure I.1C, 2),
stability is undermined. A new trajectory is more likely to set in when
current structures are weakened. If pressure by events on the current

Figure I.2 Phases of transitions
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structures persists, in all likelihood a new trajectory will result and lead
to a new optimum operating point (figure I.1C, 3). In a socioeconomic
context, an optimum operating point in figure I.1 is produced through a
coming together of scientific knowledge, production process technologies
and practices and infrastructure. The move from one optimum operating
point to the next is often the product of a co-evolutionary process charac-
terized by the interplay between endogenous and exogenous factors.
Analysing transitions and the emergence of environmental innovations
requires in-depth knowledge of the endogenous and exogenous factors
and the institutionalization processes that they may have set in motion.
Stability at the end of a process of reorganization can be traced to spe-
cific, socially embedded bodies of knowledge and technologies, habits,
norms and forms, which collectively structure economic activity. These
structuring phenomena are synonymous with institutions.8 Transitions
become apparent when one compares different periods of stability
through historical examination and analysis of quantitative and quali-
tative empirical data as illustrated in the chapters by Gunningham,
Herbert-Copley, Kemp and Parto et al. in this volume.

An institutional view of transitions

An evolutionary approach to innovation recognizes irreversible and con-
tinuing processes in time; long-run development rather than short-run
marginal adjustments; variation and diversity as the fuel of all evolution-
ary processes of selection; non-equilibrium as well as equilibrium situa-
tions; and the possibility of error-making and non-optimizing behaviour
as these are part and parcel of both human learning and evolution itself
(Hodgson 1994: 223).9 Elsewhere, Hodgson (1993: 258) echoes Nelson and
Winter (1982) by pointing out that radical change may be a product of
gradual change when the cumulative strain of gradual change leads to
outbreaks of conflict or crisis in a stable system, resulting in a radical
change in actions and attitudes. The cumulative effect of incremental
or sudden change over time may culminate in gestalt shifts or ‘‘transi-
tions’’ (Rotmans, Kemp and van Asselt 2001). A transition, or a struc-
tural change, such that the mode of production or materials’ flow in the
economy is fundamentally reconstituted, requires persistent external at-
tractors and responsive internal actors over time to mould the new ‘‘insti-
tuted process’’ born of a combination of old and new institutions. As
noted earlier, the concept of transition is firmly rooted in the develop-
ment of complex systems.

Analysing transitions with the intent to identify the causal chain and
thus the steering opportunities from a policy perspective requires adopt-
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ing an evolutionary perspective and a focus on what the economic system
‘‘ought to’’ be doing. Environmental regulations have emerged as struc-
turing phenomena to steer industrial activity away from excessive envi-
ronmental damage as something that ought to be avoided or minimized.
The different types of transition reported in the case studies of this vol-
ume have all taken place through ‘‘a set of connected changes, which re-
inforce each other but take place in several different areas, such as tech-
nology, the economy, institutions, behaviour, culture, ecology and belief
systems’’ (Rotmans, Kemp and van Asselt 2001: 16). An institutionalist
perspective on transitions attaches considerable weight to ‘‘historical
contingency’’ that underlies the institutional functionality within a partic-
ular historical, social, political and cultural context.
An important feature of managing transitions is the development of al-

ternative technologies and alternative ways of instituting technology.10 It
is worth pointing out that Polanyi (1957) placed great emphasis on the
links between policy and technology and how policy, not process, deter-
mines alternative technology and alternative ways of instituting technol-
ogy. A significant part of economic policymaking focused on innovation
should thus be about determining the desirability of the technology in
question, the institutionalization process(es) required to adopt the tech-
nology, and whether or not expectations of adoption and the subsequent
changes are realistic – given the institutional context. The institutional
context can reveal why people make the choices they do and how deeply
felt beliefs or political ideology can shape choice over time. The role of
ideology and other beliefs cannot be fully appreciated, however, without
digging deeply into how cognitive processes evolve and how learning
occurs (North 1993). Thus the frame of reference for economic actors is
never a given, but created by (and for) them based on values ranging
from deeply felt beliefs, e.g., religious conviction, to opinions about how
best to fix a shared problem, such as air pollution. If in the assumption is
one of supremacy of the market, it is likely that the ensuing analysis
would focus on market ‘‘efficiency’’ rather than material sufficiency.
Transitions are often triggered by external events, such as macro-

economic crises, or shifts in consumer preferences. This is especially the
case in the diffusion of ecologically sustainable technologies. The period
preceding a transition is characterized by firms, customers, policymakers
and other parties all claiming a stake while learning, adapting, negotiat-
ing and making compromises with regard to the changes that need to be
made and the technologies adopted. In other words, the output charac-
teristics of technologies are socially constructed. We might further con-
clude that this process is embedded, cumulative, path-dependent, based
on changes in existing institutional textures and dependent on windows
of opportunity to ‘‘lock-in’’. Each new dynamic equilibrium state has ele-
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ments or remnants of past states and thus there are no entirely ‘‘new’’
states.

To illustrate, consider the case of the European pulp and paper indus-
try where high levels of chlorine in wastewater discharge from pulp and
paper mills acted as the main trigger for the technological transition that
ensued (Reinstaller and Kemp 2000; Herbert-Copley, this volume). Two
types of technology constituted the policy alternatives within the pulp and
paper subsystem. These were: elemental chlorine-free (ECF), which re-
moved only elemental chlorine and was the cheaper and less effective of
the two technologies; and totally chlorine-free (TCF) which completely
removed chlorine from the process of bleaching. During the 1990s the
European pulp and paper industry largely opted for the TCF technology
while the North American counterparts widely adopted the ECF. The
European subsystem’s environmentally superior technological transition
may be attributed to the institutional dynamics that underpin the pulp
and paper subsystem in Europe. An important characteristic of these dy-
namics is the central role played by associative institutions, e.g., environ-
mental and non-governmental organizations including industrial associa-
tions, in influencing the perception of key actors such as consumers and
government policymakers about the desirability of certain technologies.

In Europe, consumer preference played a key role in forcing the adop-
tion of the ‘‘cleaner’’ technology, i.e., TCF, whereas the case of the Unit-
ed States is said to have been centrally influenced by the pulp and paper
industry’s vested interests resulting in the widespread adoption of the en-
vironmentally less benign ECF technology. In the case of Europe, in ad-
dition to changes in the existing and new associative institutions one
could also detect changes in behavioural, cognitive, constitutive and reg-
ulative institutions (table I.1). Arguably, the deeply felt contentions sur-
rounding the ways of doing things (behavioural institutions) in the pulp
and paper production process, based on opposing value sets of environ-
mental non-governmental organizations and industry associations (cogni-

Table I.1 Types of institution

Behavioural Institutions: Institutions as standardized (recognizable) social habits
– manifest in activities of individuals and groups as reflections of social norms

Cognitive Institutions: Institutions as mental models and constructs or definitions
– based on values and embedded in culture

Associative Institutions: Institutions as mechanisms facilitating prescribed or
privileged interaction among different private and public interests

Regulative Institutions: Institutions as prescriptions and proscriptions
Constitutive Institutions: Institutions as the bounds of social relations

Based on Parto (2005b)
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tive institutions) and initiated and fought out through civic and other
channels shaped by property-rights structures (constitutive institutions),
resulted in a series of legislative measures (regulative institutions) that
transformed interrelations at the individual, organizational and societal
levels. These developments underlined new key factors (such as the
integrity of the ecological system) to be considered in economic policy-
making and political discourse with significant ramifications for the socio-
economic, political and cultural spheres.
A second example is provided through the evolution of waste manage-

ment in the Netherlands (see Parto et al., this volume). In this case two
transitions seem to have occurred since around 1900. The first transition
signalled a move from unregulated handling of waste to centralized sys-
tems of collection and disposal. The stabilization period for the first tran-
sition appears to have been between the 1920s and the 1960s. The second
transition began in the 1970s and was to a large extent related to wide-
spread concerns about the state of the environment. This transition was
characterized by a move from centralized disposal to central manage-
ment of waste and was preceded and accompanied by significant changes
in production and consumption patterns. The stabilization period for the
second transition seems to have commenced in the late 1970s and ended
by the mid 1990s. It may be suggested that a third transition, or a period
of turbulence preceding a new transition, may have started in the early
1990s. The evidence includes new European Union (EU) directives on
waste management, a significant drop in the total volume of non-
separated household waste from the peak 1995 level, doubts about the
health effects of incinerating waste, and the ‘‘entrepreneurial’’ drive to
take advantage of the weak environmental regulations in the former east-
ern bloc countries as cost effective alternatives to managing wastes
domestically.
The evolution of waste management in the Netherlands (Parto et al.,

this volume), the adoption of new technologies in the pulp and paper in-
dustry (Herbert-Copley, this volume) and the ecological modernization
of the Japanese chlor-alkali industry (Yarime, this volume) can be under-
stood in terms of changes in the behaviour of agents as well as changes in
the structure of the political economy. One may thus underline changes
in the perception of an environmental problem (behavioural institutions),
emergence of mental models about how things ‘‘ought to’’ be done (cog-
nitive institutions), legislation on how to deal with an environmental
problem (regulative institutions), changes in the behaviour of individuals,
organizations, and the society in assuming the responsibly about environ-
mental problems (behavioural and constitutive institutions), and the strati-
fication of public and private actors through the formation of alliances and
interest groups (associative institutions) ex ante and ex post in each case.11
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Collectively, the chapters in this volume adopt a broad perspective on
innovation as follows. Innovation is viewed as a social process, based on
learning and occurring at multiple levels. At the firm level innovation
translates into new products, processes and organizational forms. At the
policy level innovation manifests as novel ways of experimentation. Inno-
vative policymaking draws on learning from past experiences to carry out
new experiments to attain broad societal goals such as pollution preven-
tion, facilitating a shift to new technologies or nurturing additional tech-
nologies to support predetermined and desirable development trajec-
tories. In the next section we provide an overview of the chapters and
underline some of the key issues raised based on this broader view of in-
novation. This book is organized as follows.

Summary of chapters

Yap et al.’s (chapter 1) opening argument is that in environmental
protection, the innovation process goes beyond the firm and includes
government and policy innovation and learning. This chapter’s study of
Taiwanese firms underlines the importance of adequate national policy,
effective regulatory enforcement, and competitive pressures as catalysts
for firms to move toward adopting cleaner production methods. Having
placed the environment on the economic development agenda, the gov-
ernment of Taiwan has actively pursued the integration of industrial
development and environmental protection. The Taiwanese government
has managed to create the demand for environmental innovation while
providing support for the industry through dissemination of research and
development (R&D) findings from government-funded institutions. The
government’s approach to implementing environmental policy has also
been innovative in its own right. One significant policy innovation is the
promotion of voluntary initiatives such as ISO 14001 through regulatory
and other measures, making Taiwan a country with one of the highest
number of firms certified to ISO 14001.

Barton et al. (chapter 2) point out that the dynamics of environmental
innovation are best understood at the sectoral level of analysis because
sector studies are more likely to reveal the systemic nature of innovation
and to generate generalizable findings for further research and policy-
making purposes. Barton et al.’s sectoral focus is unique as it transcends
national boundaries. In-depth studies of the iron and steel, leather tan-
ning and fertilizer industries in European and several industrializing and
transition economies identify industry-specific environmental problems,
regulatory responses to these problems and the impact of environmental
regulation on the competitiveness of each sector. The starting point in this
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analysis comprises the southward move of the most polluting segments of
pollution-intensive industries, decreased competitiveness of those indus-
tries in industrialized European countries, and the increased competitive-
ness of those same industries in less industrialized countries.
The study by Chudnovsky and López (chapter 3) focuses on the insti-

tutional and organizational factors in the diffusion of pollution preven-
tion technologies in Argentina since the early 1990s. After experiencing
major pollution problems, a series of regulations were introduced to curb
industrial pollution. As with many other less developed economies, envi-
ronmental regulations had limited success. This was mainly due to inade-
quate enforcement mechanisms and a lack of ‘‘institutional responsibility
for environmental management’’. The environmental regulations were
nevertheless used in closing down some of the most polluting firms and
forcing other industrial firms to consider environmental management
more seriously. The new regulations – coupled with trade liberalization,
significant flows of foreign direct investment, and popular sentiment for
environmental protection in the mid 1990s – facilitated a move into a
new phase in environmental management in the Argentinean industry.
Chudnovsky and López examine this new phase through the inter-

play between environmental management, innovation and technological
modernization activities by Argentinean firms. The findings from two sur-
veys conducted by the authors are combined with information from sec-
ondary sources to test Porter and van der Linde’s (1995) hypothesis of
higher environmental standards as a catalyst for product and process in-
novation offsets that reduce pollution but also improve productivity
through efficiencies in resource use.
Herbert-Copley (chapter 4) examines the response by the Canadian

pulp and paper industry to new, stringent environmental regulations in-
troduced in the 1990s. The introduction of the new regulations occurred
at a time when the sector was being forced, due to international compet-
itive pressures, to modernize. Using a survey of pulp and paper firms car-
ried out in 1997, this chapter examines how the industry responded to the
new regulations and the extent to which other factors shaped the course
of this response. The chapter offers two ‘‘narratives’’ of the events that
followed the introduction of the regulations. The first narrative points
to the historically reactive approach of the Canadian pulp and paper sec-
tor to regulatory compliance to underline a needs-based, end-of-pipe ori-
ented strategy of technology adoption rather than continual innovation in
environmental management. This reactive approach is also the point of
departure for the second narrative, but with an emphasis on process in-
novation as a result of adopting environmental technologies to address
compliance issues.
Gallagher’s chapter (5) provides a retrospective account of the events
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in Mexico since the first liberalization policies were introduced in 1985
to develop a more integrated economy and boost the country’s economic
growth. In the 1990s Mexico signed to the North American Free Trade
Agreement (NAFTA) and entered into the Organization for Economic
Cooperation and Development (OECD). Since 1995 Mexico has negoti-
ated over twenty other free trade agreements with other countries. The
outcome of these developments has been a more integrated economy
with manufacturing exports comprising close to 85% of all Mexican
exports. However, the integration has been accompanied by lower than
average GDP growth and less than 1% annual per capita income growth
since 1985.

In the early days of NAFTA, an assumption by many environmental-
ists was that the most polluting industries from the north would move
to Mexico and thereby export their pollution. Several studies have sug-
gested that the main motivation for industrial firms to move operations
from Canada or the United States to Mexico is labour cost minimization.
Gallagher points out that Mexico’s regulations on pollution prevention
are modelled on the United States’ regulatory system. The key difference
in Mexico is laxness in the enforcement of environmental regulations,
making pollution a ‘‘bonus’’ for the environmentally callous industrial
firm.

The Mexican government’s policy on economic integration has not re-
sulted in technological innovation, or improvements in environmental
protection, as had been hoped. In fact, like most developing countries
Mexico prioritized economic integration and growth at the expense of
environmental protection on the implicit assumption that once a certain
level of per capita income has been reached, environmental problems
could be more effectively addressed. In 1985 Mexico had a per capita
income of US$5,000. With the liberalization policies that ensued from
1985 onwards, there have been only small rises in per capita income
while there has been significant environmental degradation. Paradoxi-
cally, the financial costs of environmental damage and degradation are
estimated at 10% of the GDP from 1988 to 1999, an amount that far ex-
ceeds the 2.5% average rate of economic growth.

Adeoti’s point of departure (chapter 6) is to question the wisdom of
the view held by some economists that environmental policy is the main
driver for industrial innovation. Based on an analysis of case study data
from Nigerian food processing and textile firms, Adeoti identifies a num-
ber of ‘‘third-party factors’’ as key determinants of environmental inno-
vation, in addition to firm-level environmental policy and the regulatory
framework. He also points to the importance of existing structures and
the institutional context for successful environmental policy development
and implementation conducive to environmental innovation. The third-
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party factors are the combination of influences on polluting firms from
such sources as host communities, public corporations affected by private
sector pollution, ENGOs, parent company requirements and environ-
mental technology suppliers. A key insight in Adeoti’s analysis is that
to have maximum effect, environmental regulations have to be designed
in recognition of the capacity of affected firms to adapt, economically and
technologically.
The capacity for compliance to stringent regulations and to innovate

in environmental protection is the main theme of Yarime’s analysis
(chapter 7). Yarime examines the co-evolution of the Japanese chlor-
alkali industry and its regulatory arena since the 1950s. The Japanese
government introduced stringent environmental regulations in the 1970s
to stop the mercury contamination traced to the chlor-alkali industry.
In a top-down manner, a newly appointed Countermeasures Council de-
manded that the industry install a closed effluent system to contain mer-
cury by the end of 1974. The council also specified the diaphragm process
– the only available technology at the time – as the technology to be
adopted by the industry. Faced with strong opposition from the industry
on the grounds that there were many unresolved technical and economic
issues, the government agency moved the date to 1975 for the majority of
operations and made a concession to the laggards to install a closed efflu-
ent system by March 1978.
Given the tight timetable for the majority of the firms in the sector,

many had to imitate rather than innovate to convert their processes and
meet regulatory requirements. Once adopted, the diaphragm process
turned out to be expensive and produced inferior quality product. En-
ergy consumption of the diaphragm process was significantly higher than
the mercury process. At first the government attempted to compensate
for the weakened competitive position of the converted firms by organiz-
ing a barter system and guaranteed product sales. Sharp rises in energy
prices put additional pressures on converted plants leading to additional
production costs. This prompted the government to provide compensa-
tion to the modified firms by financially penalizing the mercury process
firms. The government objective of safeguarding public health and the in-
dustry’s concern about costs and loss of market share due to inferior
quality were clearly not being resolved adequately. A new technology
was needed to bring about this resolution and a new approach to policy
making had to be adopted.
Gunningham (chapter 8) recognizes the limitations of the command-

and-control approach to environmental policymaking, but cautions
against dismissing regulations as unnecessary obstacles to economic effi-
ciency as argued by a large number of economists and other commenta-
tors. He also recognizes that since the beginning of the 1990s regulatory
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regimes in general have suffered from shrinking resources, particularly
in terms of enforcement. In addition, much of the low-hanging fruit has
been picked already, rendering the ‘‘first-generation regulations’’ blunt
as tools to achieve economically viable and lasting environmental bene-
fits. The answer according to Gunningham lies in nurturing environ-
mental innovation through ‘‘second-generation’’ regulations, which still
require a central but selective role for government but also draw on a
range of market and non-market solutions. Gunningham then proceeds
to evaluate the main instruments for second-generation regulations, in-
cluding self- and co-regulation, voluntary agreements, economic incen-
tives, informational regulation, performance- and process-based stan-
dards, and regulatory flexibility against empirical findings from a study
of the pulp and paper sector in multiple national settings.

Parto et al. (chapter 9) begin with a brief overview of the evolution of
the waste arena (‘‘subsystem’’) in the Netherlands since the mid-nine-
teenth century. The notion of ‘‘transitions’’ is reconceptualized from a
systems perspective in an attempt to represent transitions as more than
just a tool for retrospective analysis of past events. Parto et al. state that
through historical overviews it is often possible to point to a certain set of
developments or events as having constituted a transition. However, pol-
icymaking aimed at facilitating transitions requires rather more than ret-
rospective overviews and intuitions on what has already occurred. As well
as documenting and understanding how transitions may have occurred,
Parto et al. underline the importance of identifying the structural and
other factors that lead to transitions. These factors include formal and in-
formal institutions, significant events (including innovations and societal
problems) and the processes of institutionalization set in motion by these
events.

The authors view institutions as structuring phenomena in transitions
and transition analysis. Institutions are defined as multifaceted; durable
but evolving social structures made up of symbolic elements, social activ-
ities and (sometimes) material resources. Institutions weave together so-
cial, economic, environmental and political systems or ‘‘spheres’’. Institu-
tions collectively shape interactions and transactions among economic
agents and are manifest at different levels of interrelation and territorial
scales of governance. The policy implications (for transition manage-
ment) of this view of institutions is that to facilitate transitions policy-
makers need to know what degree of control may be exercised over spe-
cific key factors, given the institutional context. To identify and to take
advantage of context-steering opportunities, a policymaking arena or
subsystem needs to be viewed as a constellation of problems, policies
and politics. This constellation can explain when, how and most impor-
tantly why significant changes occurred in the subsystem over time.
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The chapter by Kemp (10) examines the effectiveness of innovation
policies and environmental policy in bringing forth environmental inno-
vations – innovations offering environmental gains relative to existing
technologies. Kemp argues that innovation policy is insufficiently ori-
ented toward broader sustainability goals, while environmental policy
hardly acts as a pull for innovation to lead to the emergence of new prod-
ucts and processes with environmental benefit. The chapter makes sug-
gestions on how to narrow this gap through ‘‘transition management’’,
described as being concerned with altering social trajectories through
innovative and interactive policy-making. In transition management the
emphasis is placed on process management so as to nurture not one, but
a set of preferred options leading to environmentally superior outcomes.
Transition management has been adopted by the Dutch government as
a steering model for working toward sustainable energy, mobility and
agriculture. To make a case for transition management, Kemp examines
and compares the German BMBF (Bundesministerium für Bildung und
Forschung – German ministry for education and research), the Dutch
DTO (Defensie Telematica Organisatie – sustainable technological
development) and the Danish Clean Technology Development pro-
grammes. These programmes were funded by the three national govern-
ments to induce innovation in environmental technologies. The compari-
son reveals different styles of interaction between policy makers and
industry. The Danish programme appears to have had the highest ele-
ment of mutual learning – having yielded the highest environmental
benefits – followed by the German programme. The Dutch programme
was successful in yielding environmental innovation but had little impact
on policy learning. Drawing on these three cases, Kemp argues that in
transition management there is an integrated innovation policy for the
environment, supported by programmes that go beyond providing re-
search funding.
In most countries, environmental and innovation policies are not fully

or adequately integrated. Yet, it is widely accepted that there is constant
interplay between innovation, environmental protection and further in-
novation. Given that numerous countries, particularly in the north, have
at least a formal environmental policy and an innovation policy, it is only
the next logical step to attempt to integrate the objectives of the two pol-
icies. Innovation policy can be more explicitly directed toward environ-
mental protection by providing support for R&D in the development of
environmental technologies, e.g., fuel cells as an alternative to the com-
bustion engine to power vehicles. Environmental innovations such as fuel
cells could become economical and institutionalized through regulation
and other incentives that steer vehicle makers and users away from gaso-
line and diesel toward fuel from renewable sources. In managing a tran-
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sition to a more sustainable technological trajectory, innovation policy on
transportation should not focus only on fuel cells but promote a series of
more sustainable alternatives, leaving the choice of the fittest alternative
technology to the variation/selection process as articulated under ‘‘transi-
tion management’’12 or as illustrated through the various case studies by
the authors contributing to this volume.

The concluding chapter (11) provides a synthesis of the case studies
followed by some broad insights into the interplay between environmen-
tal regulation, innovation as a process and a policy objective, and the im-
plications for integrated policymaking geared toward better protection of
the environment and improved economic performance.

Notes

1. See, for example, Gibson, R. B. (1999). Voluntary Initiatives: The new politics of corpo-
rate greening (Peterborough, Ont.: Broadview Press).

2. See, for example, Welford and Starkey (1996) for a selection of the arguments for and
against.

3. The oft-cited case example is 3M which reportedly has saved close to $800 million since
1970 through implementing its ambitious ‘‘Pollution Prevention Pays’’ programme.

4. See Welford and Starkey (1996).
5. For more information on ecological modernization theory we refer the reader to Hajer

(1995) Jänicke (1991), Mol (2001) and Spaargaren, Mol and Buttel (2000).
6. Rostow (1960) describes economic development as the passage of society through five

evolutionary stages: traditional society, the stage of the preconditions for take-off, the
take-off stage, the drive to maturity and the age of high consumption as exemplified by
modern industrialized states.

7. The metaphors and examples drawn from biology and ecology are used here insofar as
they deepen appreciation and understanding of socioeconomic complexities. This selec-
tive utilization of other disciplines is consistent with Nelson and Winter’s (1982: 11)
‘‘Lamarchian’’ approach.

8. See Parto (2005a) for elaboration and further discussion.
9. This section is based on Parto (2005a).

10. Technology, defined as ‘‘the combination of tools, skills, and knowledge . . . organized as
the industrial arts of a society. . . [whose] change stimulates creation of new social rela-
tionships and thus a new society’’, is the most emphasized aspect of policymaking in the
institutionalist literature (Hayden 1993: 291).

11. See Parto et al. (this volume) and Parto (2005b) for more elaborate discussions of waste
management in the Netherlands.

12. See Kemp, this volume, and Parto et al., this volume.
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1

Corporate environmental
innovation and public policy:
Case studies from Taiwan

Nonita T. Yap, John Devlin, Chih Chao Wu and
Shanshin Ton

Technological ‘‘innovation’’ is frequently conceived as the transforma-
tion of an idea into a marketable product, process or service (See for ex-
ample Palda 1993; Voyer and Ryan 1994). Indeed ‘‘the perspective of a
potential market’’ is posited as ‘‘the starting point for the chain of inno-
vation at the firm level’’ (UNIDO Secretariat 1997: 10). But environmen-
tal innovations within firms often do not meet this criterion. Environmen-
tal innovations, or ‘‘incremental technical change’’ (OECD 1993), are
introduced primarily to reduce the environmental impacts of a manufac-
turing process or product and not for commercialization purposes (Beise
and Rennings 2003). These innovations are therefore not always appar-
ent to external observers. To study environmental innovation it is ne-
cessary to work within firms. This chapter analyses environmental in-
novation in 13 manufacturing enterprises in Taiwan. The study asked
whether Taiwanese firms had engaged in environmental innovation, and
if so, what form it had taken. The study also considered what factors in-
fluenced environmental innovation among these firms.
Previous international studies have suggested that regulations, or what

are frequently called ‘‘command and control’’ approaches, have not
played an effective role in stimulating environmental innovation (Baas
et al. 1992; Hanks 1998; Kemp 2002; Palda 1993).1 Others assert that the
picture is mixed (Ashford 2002; Boyd 1998; Christie et al. 1995; Ecotec
2000; Halme 1995; Hassanali-Bourdeau 2004; Lebourveau 2004; Ministry
of Economic Affairs [MOEA] 1999; NUTEK 2003; Tilley 1999; Yap 1988,
2000a; Yap and Heathcote 1995; Yap and Zvauya 1999).
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Taiwan has gained a reputation not only as an ‘‘Asian tiger’’ but also
as a ‘‘developmental state’’ (Wade 1990; White 1988) where economic
growth has been achieved through persistent state policy and regulatory
activity successfully undertaken by a state characterized by what is termed
‘‘embedded autonomy’’ by Evans (1996) or ‘‘insulation [from the private
sector] but not insularity’’ by Weiss (1998). The study thus considered
what role public policy has played in firm decision making, the policy in-
struments that the Taiwanese state has used to pursue its environmental
goals, and whether and how public policy has encouraged environmental
innovation.

Environmental innovation, cleaner production and firm behaviour

A waste generator has three options for dealing with waste. One is to dis-
pose of the waste in the easiest and cheapest way possible, i.e., untreated
release into the environment through effluent discharge, emission release
and/or dumping as solid waste. A second option is to use end-of-pipe
approaches to treat the waste prior to release into the environment,
thereby bringing hazardous constituents to within legally acceptable
levels through dilution, neutralization, solidification or incineration. Any
‘‘innocuous’’ waste can then be landfilled. The third option, the cleaner
production option, is to analyse the sources of waste and put in place or-
ganizational, process and/or equipment changes to eliminate, minimize,
or otherwise control the volume and hazard of the waste. Cleaner pro-
duction (CP) is based on the simple principle of ‘‘continuous application
of an integrated preventive environmental strategy to reduce risks to hu-
mans and the environment’’ (UNEP 1994). Applied to production pro-
cesses, cleaner production is concerned with conserving raw materials
and energy, eliminating toxic raw materials, and reducing the quantity
and toxicity of all emissions and wastes. Applied to products, a cleaner
production strategy focuses on the reduction of the environmental im-
pacts during the entire life cycle of the product from raw materials ex-
traction to the ultimate disposal of the product at the end of its useful
life.

Cleaner production innovation among Taiwanese firms is the focus
of this paper as it is the only option that provides the opportunity to rec-
oncile economic growth with environmental protection objectives.2 Some
would argue that CP innovation improves the triple bottom line.

Cleaner production improves the financial bottom line by increasing
production efficiency and productivity, reducing costs for waste disposal,
and reducing liability risks. Unlike end-of-pipe expenditures which are,
without exception, sunk costs, CP options are investments with poten-
tially favourable rate of return and short payback periods (Anderson
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1998; Baas et al. 1992; Boyd 1998; Cheung 1995; Christie et al. 1995;
Ciambrone 1995; EPA 2000; Fischer 2002, 2003; Fresner and Engelhardt
2004; Fryzuk 2005; GLPPC 1994; Gordon and Zettler 2005; Higgins 1995;
Kerr et al. 1998; NPCA 1995; Russell 2005; Sarokin et al. 1985; Yap 1988,
2000a; Yap and Heathcote 1995; Yap and Zvauya 1999). CP can also
generate revenues from the sale of secondary materials. Non-product
outputs (wastes) can constitute up to 10 to 30% of production costs de-
pending on the technology used (Kürzinger 2004). CP improves the envi-
ronmental bottom line by reducing pollution releases to all media – air,
water and soil – and reducing the risk of non-compliance. What leaves
the plant as a pollutant starts within as a workplace hazard. CP thus im-
proves the social bottom line by improving workplace health and safety
(Bennett 2004; Canadian Labour Congress [CLC] 1998).
As shown in table 1.1, all categories of cleaner production involve

varying degrees of environmental innovation, either developed internally
or acquired from outside the firm. The innovations vary in complexity
and cost.
What makes a firm choose one option over the others? Existing lit-

erature suggests three somewhat overlapping explanations: self interest
(profit maximization), preferences of key actors and social norms. The

Table 1.1 Categories and examples of cleaner production innovations

Good Housekeeping. On-time purchasing of raw materials, proper storage,
labelling and handling of materials, eliminating leakages and spills in unit
operations, reduced packaging and timely shipment of products.

Process Modification. Multiple and counter current rinsing systems in the metal
plating industry; use of supercritical carbon dioxide, near-critical water and
carbon dioxide in ‘‘gas-expanded’’ organic liquids as replacement solvents in a
variety of chemical reactions and separations.

Recycling. Distillation and re-use of spent organic solvents in the electronic
industry.

Resource Recovery. Chromium recovery in tannery wastewater; use of rubber
tyres as a fuel supplement in cement kilns.

Materials Reformulation. Shift from organic to water-based paints; use of low
toxicity, high surface-active rhamnolipids as replacement biosurfactants in the
petroleum, agriculture and cosmetics industry.

Product Substitution. Replacement of PCB in transformers; replacement of
heavy metals – lead, chromium and cadmium – in pigments, with calcium,
strontium and barium counter ions.

Enhanced Product Durability. Changes in the design, shape or color of
packaging materials and/or containers of consumer products to optimize re-use
or recyclability.
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‘‘self interest’’ view predicts that a waste generator invariably chooses the
least costly option, actual or perceived (Palda 1993; Conference Board of
Canada [CBC] 1997; Voyer and Ryan 1994; Walley and Whitehead 1994).
The second school posits that corporate decisions are made by specific
managers, not by the firm as a unitary entity (Prakesh 2000). The ulti-
mate decision to ‘‘green the corporation’’ depends on the ability of indi-
vidual social agents of change within the firm to bridge the gap between
cognition and action (Corral 2002) and the consensus-building ability of
these key employees (Stanwick and Stanwick 1995). The ‘‘social norms’’
school views firm decision-making as multi-stage, and largely driven by
the external environment. A firm will consider making changes only
when it recognizes that there is problem, for instance because of regula-
tions, demand from consumers, or changes in the competition. It will then
seek alternatives. In evaluating its options, several factors are considered.
How much investment is required? How does cost compare with the ‘‘no
change’’ option? To other investment options? What are the implications
on the quality and market acceptability of the existing product? On the
level of skill of its workers? On production and delivery schedules? The
interplay of these evaluation criteria can be complex, rendering the out-
come difficult to predict (Ashford 2002; Boyd 1998; Christie et al. 1995;
Ecotec 2000; Halme 1995; Hassanali-Bourdeau 2004; Lebourveau 2004;
MOEA 1999; NUTEK 2003; Tilley 1999; Yap 1988, 2000a; Yap and
Heathcote 1995; Yap and Zvauya 1999).

Figure 1.1 provides a heuristic framework of the decision-making pro-
cess of the firm. Reflecting the social norms perspective, decision-making
is viewed as an iterative process in five distinct internal stages: problem
recognition, search for alternatives, evaluation, decision and implementa-
tion. The firm is pictured as being influenced at the different stages of its
decision-making by various push, pull and drag factors – regulation, pres-
sure from public interest groups, the media, organized labour, competi-
tion, informal systems of authority (i.e., professional, religious or
industry associations) and international organizations (e.g., WTO, and in
the case of developing countries, donors). The framework depicted in
Figure 1.1 suggests that decision-making at the firm level can be influ-
enced by changes in the policy and regulatory environment. The study
reported in this chapter sought to determine these influences with respect
to environmental innovation in Taiwanese manufacturing firms.

The study

This research covered four counties in central Taiwan with a total popu-
lation of 5,010,000. The counties were chosen because of the dominance
of small and medium-sized manufacturing firms. Taichung County alone
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is home to over 14,000 factories located in three industrial parks and one
export-processing zone (Taichung County [TC] 1999). The case studies
included three electronic firms, four textile plants, one food processor,
and one electrical equipment manufacturer. Because of the significant
wastes generated by the SMEs, four small- and medium-sized establish-
ments located outside industrial parks or an export-processing zone were
also included.3
The firms were selected based on the following criteria: economic

importance, hazard or volume significance of industrial waste generated
and willingness to share information with the research team. The follow-
ing specific questions were examined regarding firm-level decisions: How
does the firm deal with its wastes? What environmental innovations have
been adopted? What drives decisions? What has been the role of public
policy? And, how effective has public policy been?
A combination of primary and secondary research techniques was

used. Documents obtained from different institutions – government, in-
dustry and non-governmental organizations – were reviewed, industrial
establishments visited and plant management and technical personnel in-

Figure 1.1 Decision-making framework (Adapted from Yap 1988)
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terviewed. Interviews were also conducted with twenty key informants
drawn from universities, government departments, R&D institutions and
industry associations.

Environmental innovations: What and why

All 13 firms adopted cleaner production approaches to varying degrees.
Of the 13, 5 had achieved ISO 14001 certification and another 6 were
preparing for certification. Table 1.2 provides a profile of the case study
firms. Firms 10, 11, 12 and 13 are outside the industrial park. The analysis
will focus on the major innovations introduced by these firms and the fac-
tors driving the decisions to innovate.

Firm number one, the biggest of the 13 case study firms with 2,000
workers, is a branch plant of a multinational corporation. The manager
asserts that the plant has no R&D capacity and hence process changes
cannot be made quickly. The firm relies on its employees for suggestions
on waste reduction and provides monetary awards for winning ideas. It
separates its solid wastes to facilitate recovery and recycling, has adopted
a green procurement policy, and has taken measures to minimize water
and energy consumption. It has replaced the Freon1 spray for the mould
package. The firm is certified to BS 7750 and ISO 9002 and claims to be
the first company in Taiwan to get ISO 14001 certification. The manage-
ment cites worker enthusiasm as among the ‘‘real benefits’’ of these
changes. While the middle level workers see their involvement as ‘‘extra
work’’, the lower level workers apparently welcome ‘‘the sense of order
and system’’.

Firm two, also a branch plant of a multinational corporation, did
not anticipate difficulties in obtaining ISO 14001 certification because it
already has ‘‘total quality management’’ (TQM) and ‘‘total quality con-
trol’’ (TQC). Several cleaner production changes had been introduced,
costing the company NT$2 million in capital equipment and NT$500,000
in maintenance. Trichloroethylene was replaced with a reusable non-
chlorinated solvent; energy consumption was reduced by 13%, water
consumption by 37%, gas (hydrogen) by 17% and chemicals by 63%.
The changes apparently resulted in savings totaling NT$10 million; more
than recovering the cost of ISO 14001 certification. The company pro-
vides CP training for its employees, oftentimes sending them to sister
plants in the region. It gives monetary awards for good participation in
the CP programme. The firm received the National Quality Award from
the Ministry of Economic Affairs. The management asserts that they are
simply conforming to corporate policy established by the parent com-
pany. Interestingly however, firm two landfills its epoxy resin wastes (10
to 15 tons a month) although the same waste is reportedly reclaimed as
fuel in its parent plant. It also sends fifty to sixty units of waste fluores-
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Table 1.2 Profile of case studies

Firm
Main
product

Annual sales/
market Ownership

No. of
employees Certification

1 cameras NA/70% export Japanese 2000 BS 7750,
ISO 9002,
ISO
14001

2 integrated
circuit
boards

NA/Export Japanese 750 ISO 14001,
TQM/
TQC

3 LCD NA/70% for
export to HK,
Japan, Korea
and Germany

National 600 –

4 frozen and
dried food
products
and
sauces

NT$150M*/
exclusively
domestic

joint
Japanese/
Taiwanese

55 HACCP,
ISO
14001
planned

5 knitted
fabrics

NT$1.1B/88%
exported to
Hong Kong,
People’s
Republic of
China and other
Southeast Asian
countries

National 150 ISO 9002,
ISO
14001
planned

6 dyeing and
printing

NT$0.9B/
exclusively
domestic

National 400 ISO 9002,
ISO
14001

7 textiles NT$300M/PRC,
domestic,
Australia

National 184 ISO 9002,
ISO
14001

8 textiles NT$300M/
domestic, Japan
and US

National 50 ISO 14001
planned

9 electrical
machinery
and
appliances

NT$100M/
exclusively for
export to the
USA, the
European
Union, People’s
Republic of
China and other
Southeast Asian
countries

National 47 ISO 9002,
ISO
14001
planned
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cent bulbs every month to the landfill, simply because they ‘‘do not have
the knowledge to recycle them’’ (Chang, C. C., Manager, interview, 16
July 1999).

Firm number three is a Taiwanese-owned operation that went public
in 1995. The plant manufactures liquid crystal displays (LCDs), 70% of
which are exported to Hong Kong, Japan, Korea and Germany. Produc-
tion waste such as glass is sent to a recycler. The wastes generated in sig-
nificant quantities in this plant are primarily from packaging, specifically
wood pallets, plastic (PET and PVC) and styrofoam. Both plastic and
styrofoam wastes are sold to a recycling company. At the time of this re-
search the firm had started to replace organic solvent with ultrasonic and
aqueous cleaning agents. The change was expected to be completed in a
year. The wooden pallets, generated at a rate of five to six tons a month,
are landfilled. The management claimed that it could not find a way to
divert this waste from the landfill.4 It has no plans to seek ISO 14001 cer-
tification. ‘‘It is too labour-consuming; we have done okay and will do
okay without it’’ (Ho, M. T., Manager, interview, 16 July 1999).

Firm four, on the other hand, decided to seek ISO 14001 certification
after only one year of operation. This was considered achievable with
little difficulty since the plant had already been certified for ISO 9002,
GMP (Good Manufacturing Practice), and HACCP (Hazard, Analysis
and Critical Control Points).5 A joint venture (Taiwanese and Japanese)

Table 1.2 (cont.)

Firm
Main
product

Annual sales/
market Ownership

No. of
employees Certification

10 solar panels NT$42M/for
export to
southern Europe
and northern
African
countries

National 14 ISO 9002,
ISO
14001

11 aluminium
windows

NA/90% domestic,
10% to PRC

National 20 ISO 9002,
ISO
14001
planned

12 artificial
leather

NT$80.4M/
domestic and
PRC

National 18 –

13 plated metal
pieces

NA/domestic National 13 –

*NT$1 ¼ US$0.031 (1999)
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operation that sells exclusively for the local market, the company appears
to seek ISO 14001 certification simply in a spirit of competition with
its sister facilities. ‘‘We competed with our Japanese sister facility and
we beat them to ISO 9002 certification’’ (Shu, H. T., Manager, interview,
21 July 1999). Preparation for ISO 14001 certification included the imple-
mentation of additional cleaner production changes. The facility donates
its food waste (100kg/day) to a pig farm and sells its paper packaging ma-
terials (1 ton/month) to a recycler.
With firm five, a manufacturer of knitted fabrics with 150 workers, pro-

cess modification changes introduced resulted in reduced use of several
inputs: reaction chemicals by 80%, dye chemicals by 30%, and dispersion
chemicals by 10%. The finishing process was automated, reducing resin
contamination of the wastewater by 66%. Paper, cardboard, plastic and
fibre wastes are sold to a recycler. The company plans to significantly
reduce their water consumption (1,600 tons for a daily output of 200,000
yards of fabric) through treatment and a recirculation system. It is col-
laborating with a research institute to develop biotechnological treat-
ment of its wastewater and eventually to reduce its sludge disposal cost
(NT$2,500/ton). The effluent from its wastewater treatment plant has a
moderate load of COD (chemical oxygen demand) and is currently dis-
charged directly to canals and reportedly used by farmers for irrigation.
It claims to have no product rejects as off-specification products are re-
cycled back into the process. Firm five was certified under ISO 9002 in
1999 and expected ISO 14001 certification within two years. The man-
ager, who proudly stated that he only completed high school, asserted
that their ISO 14001 system will be performance- rather than confor-
mance-based (‘‘paper work’’) (Yap 2000b).
Firm six, a dyeing and printing plant, saw dramatic improvement in

product quality after ISO 9002 certification. The ISO 9002 certification
drive also drew the management’s attention to wasteful processes in the
facility. An in-house energy and waste audit identified the characteristics
and the sources of its inefficiencies. They initially had to contend with
‘‘poor attitude of the workers’’ toward the programme. However this
was overcome through a worker education and a high profile awards –
and – penalties programme.6 The environmental management and qual-
ity improvement programme is now implemented through ‘‘technical and
quality circles’’. Changes, primarily process modification, were intro-
duced. The switch to a non-carcinogenic dye eliminated all the costs asso-
ciated with importing, managing and disposing hazardous material. A
switch from continuous to batch dyeing allowed for better process con-
trol. After dyeing, the whole roll is kept rotating, allowing the dyeing
process to complete at ambient temperature, thereby reducing energy
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consumption. The finishing process was computerized. The reject rate
was reduced by 25% in two years; the chemical use was reduced by 30%
and resin contamination of wastewater reduced to 2% from 6%. Because
the company basically dyes for clients and therefore has a guaranteed
market, it was thought that ISO 14001 would not be of any benefit to
the company. The management decided to secure ISO 14001 certification
nevertheless to ‘‘follow the trend’’ and because the savings from the
cleaner production programme reportedly more than covered the cost of
certification.

Firm seven, a textile factory, has two full-time and six part-time em-
ployees dedicated to R&D. Like other textile factories, the biggest envi-
ronmental concern is the wastewater. Through process modification and
sludge dewatering, the firm has achieved tremendous reductions in the
volume as well as the COD and BOD (biological oxygen demand) load
of its wastewater. The firm is introducing tertiary-level wastewater treat-
ment and plans to reuse a significant amount of treated water. They suc-
ceeded in reducing their water consumption by 50%. Textile, plastic, and
paper wastes are sold to a recycler, with the revenue being donated to
the workers. The company is seeking ISO 14001 certification because of
a plan to expand its export market.

Firm eight is a textile firm that had been in operation for only a month
at the time of the study. The management expects to have two or three
staff dedicated to R&D. It sells its nylon, plastic, cotton and polyethylene
plastic packaging materials to a recycler. In spite of being highly mecha-
nized, this facility does not have energy efficient equipment and gener-
ates massive volumes of wastewater (40 to 60 kilograms of water per ki-
logram of product). It is planning for ISO 14001 certification and thus is
currently planning to change its suppliers and looking at wastewater
treatment and recirculation.

Firm nine minimizes its hazardous-waste generation through material
substitution and redesign of products and packaging materials. However,
it subcontracts the cutting and finishing operations of metal components
to small, family-owned satellite firms, in effect shifting the environmental
burden and responsibilities of its production up the supply chain. When
asked whether the satellite firms had adopted cleaner production pro-
cesses, the response was ‘‘No, the firms are small, family-owned enter-
prises which cannot afford the expense’’ (Wang, B. C. H., Consulting En-
gineer, interview, 17 July 1999). This perception of the lack of capability
of small firms is contradicted by firm ten.

With only 14 employees, firm 10 successfully achieved ISO 9002 and
ISO 14001 certification. The owner-manager attributed his success to the
waste minimization changes implemented with the help of a local consul-
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tant through the government’s cleaner production demonstration project.
Lead and cyanide were eliminated from the plant operations. A heavy
metal recovery system allows the reuse of wastewater. Wooden pallets
are reused for packing and shipping products. Energy consumption has
been reduced by 15% through equipment redesign. Plant wastes that
cannot be totally eliminated are neutralized and detoxified before dis-
posal. The openness to innovation of firm ten, the smallest among the
case-study firms, also makes for a very interesting contrast with firm
one, the largest. The management of firm one asserted that its ability to
introduce innovations is limited by the fact that the facility has ‘‘no R&D
capacity and no authority to make decisions’’ (Lin, C. C., Environmental
Assurance Manager, interview, 16 July 1999).
The main input of firm 11 is aluminium window panels from New Zea-

land. The panels are already painted and only need to be cut and framed.
The aluminium shavings are sold to a local recycler. The other major
waste generated is packaging materials made of polyvinyl chloride
(PVC). The firm claims to have tried to get its supplier for packaging
materials to change to environmentally friendlier materials but has not
succeeded. It is currently landfilling this waste. The firm is confident of
its technical competence, despite being small with only twenty workers.
It certified for ISO 9002 using internal auditors. It is planning to register
its environmental management system (EMS) under ISO 14001 through
self-declaration.
Firm 12 fabricates consumer items of artificial leather, mostly for ex-

port to the Peoples’ Republic of China. It appears to be a more typical
small firm. The proprietor has attended waste reduction workshops run
by the IDB (Industrial Development Bureau) but insists that the scale
of his operation is too small to generate serious wastes. Its conservation
efforts have been focused exclusively on water and solid leather fabric
waste.
Firm 13, a primarily family-operated metal finishing and plating firm,

is the least innovative of the case-study firms. Although it has a waste-
water treatment and metals recovery system for compliance purposes,
the owner-manager indicated that he had no intention of going beyond
compliance since ‘‘my son is not interested in taking over the plant, the
young people don’t want to work in this kind of operation. They want
to work in big factories’’ (Chen, K. T., owner and Manager, interview, 23
July 1999). The three most frequently cited reasons for introducing the
innovations were public image, profitability and regulatory compliance.
Firm one and firm nine cited the export market as the primary driver for
their decision to seek certification under ISO 9002, BS7750 and ISO 14001
and for undertaking cleaner production to achieve the certification. Firm
two was ordered to seek certification by its parent company in Japan, re-
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portedly driven by its commitment to the Kyoto Protocol. In firm four the
ISO 9002 certification was pursued by the management as a way of ‘‘im-
proving the management system, to educate our workers that we want
quality’’ (Shu, H. T., Plant Manager, interview, 21 July 1999). CP changes
followed because they emerged as sensible after the certification drive re-
vealed wasteful processes in the facility. Firm five and firm six introduced
changes toward implementing quality and environmental management
systems because they ‘‘seemed like a good idea’’. ISO 14001 certification
was viewed as an opportunity for achieving further quality improvement
as well as increased sales. The cleaner production changes introduced in
firm six resulted in a win-win outcome. The winter quarter, traditionally a
loss-making period, became profitable. The company manager explains:
‘‘ISO certification costs money, but if you do cleaner production you will
make money so we put the two together.’’ (Chen, H. Y., interview, 23
July, 1999). The owner of firm ten asserted likewise. The cost of the
metal-recovery system was reclaimed in less than two years. Close quality
control has reduced the reject rate to less than 1%. The rest of the 13
case-study firms cited the need for compliance as the primary motivation.

How representative are the case-study firms? Reports on other indus-
tries with good environmental performance suggest that the motivation
of the environmental management choices of the thirteen case-study
firms may not be all that atypical of the manufacturing sector (Chang
Y. T. 1998; Hsieh and Chen 1998; MOEA 1999; Yang 1999). Respondents
to an MOEA survey of 408 firms certified to ISO 14001 identified the fol-
lowing factors as influencing their environmental management decisions:
(a) to improve public image (91%); (b) to achieve development in a sus-
tainable manner (87%); (c) to be compatible with international trends
(86%); (d) to raise worker environmental awareness (85%); (e) to ensure
compliance with environmental regulations (84%); (f) to integrate/
improve environmental management systems (83%); (g) to improve
manufacturing efficiency (82%); (h) to extend ISO 9000 efforts to solving
environmental problems (82%); (I) to reduce investors’ concerns (75%);
and (j) to expand product markets (73%).

All of these objectives are widely shared corporate values, yet there
is frequently a gap between corporate policy statements and actual per-
formance. How might one explain that in Taiwan businesses appear
more willing to translate policy statements into concrete and, more im-
portantly, measurable, environmental performance?

Public policy context for environmental innovation

The external environment for Taiwanese industrial firms has been evolv-
ing rapidly over the last three decades. Taiwan’s per capita income has
more than quintupled from US$2,500 in 1983 to $15,200 in 1998 (Cana-
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dian Trade Office in Taipei [CTOT] 1999). This has been made possible
by a rapid expansion in industrial output. Manufacturing made up 19%
of the GDP in 1960, compared to 36% in 1980.
The index of manufacturing output, which stood at 100 in 1985, stood

at 215 in 1999, more than double in less than 15 years. Industry now
makes up 96% of total exports. Electronics are the top export commod-
ities followed by textiles, telecommunications, plastic and rubber goods.
With a GDP of US$294 billion in 1997 and a real GDP growth rate aver-
aging over 8.6% in the last three decades, the island economy, once
dubbed as the ‘‘umbrella kingdom’’ for its production of cheap goods, is
currently the nineteenth largest in the world, its productive sectors
ranked fourth in terms of competitiveness and its foreign exchange re-
serve of US$84 billion the third largest.
The environmental costs of this rapid industrial growth have been con-

siderable. In the late 1980s Taiwan was considered as having one of the
world’s most serious cases of environmental pollution (Bello and Rosen-
feld 1990; Chieh 1994; Vogel 1991). Heavy metal contamination of the
soil from industrial activities around Tao Yuan County forced the gov-
ernment to ban agricultural activity in the region. Pollution from pulp
mill operations resulted in a government freeze on construction of new
pulp mills (Cheung 1995). Perhaps not surprisingly, awareness of envi-
ronmental problems and pressure for improved environmental quality in-
creased with increased incomes. Organized community opposition held
up construction of two naphtha-cracking plants and several infrastructure
projects in 1988, the same year that the government paid US$1.5 million
in compensation for pollution of coastal land (Devlin and Yap 1994). In-
dustrial pollution is on the top of the advocacy agenda (Lin 1998; Rock
1996). Advocates for environmental protection and resource conserva-
tion include prominent industrial leaders. In 1998 for example, the foun-
der and chairman of Taiwan-based Chi Mei Corporation, the world’s
top producer and exporter of plastic resins, admitted using his influence
to oppose the establishment of more petrochemical, steel and cement
plants in Taiwan (Cheng 1998).
The ‘‘grow first, clean up later’’ industrial strategy had to change. In

1987 the government of Taiwan placed the environment on its econo-
mic development policy agenda. Several departments were given re-
sponsibilities for environmental management with the Environmental
Protection Administration (EPA) as the flagship agency. The EPA sets
standards for controlling air emissions, liquid effluents, and hazardous
waste disposal. It also plays an active and complementary role in the
Ministry of Economic Affairs (MOEA), through the Industrial Develop-
ment Bureau (IDB) and its mandate for industrial development and
expansion. Consistent with the pattern established in other sectors
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(Wade 1990; Weiss 1998), Taiwan has pursued a publicly coordinated
approach to environmental innovation. The government creates the de-
mand for innovation but also helps develop industry-specific responses
through various R&D institutions. It has set up channels for communi-
cating, transferring and diffusing innovation to industry, has set up nu-
merous industry outreach programmes, set goals, devised environmental
legislation and, most importantly, allocated resources to enforce environ-
mental regulations.

Creating a demand for environmental innovation

The advantages to the economy of pollution prevention over pollu-
tion control were recognized early on by the government. In 1989 the
MOEA and EPA established a Joint Waste Reduction Task Force with
the mandate of developing a national industrial waste minimiza-
tion (IWM) strategy. An Industrial Waste Minimization Programme was
formally established in 1990. This programme was integrated within a
broader framework in 1995 with the creation of the National Centre for
Cleaner (NCCP) by the Industrial Development Bureau (IDB). The de-
velopment of cleaner production indices has been a priority of the
NCCP. A waste generation index, energy consumption index and hazard
index have been developed for application in different industries includ-
ing specialty chemicals, bulk drugs, polyurethane synthetic leather and
printed circuit boards, as well as semiconductors. Software was devel-
oped to help researchers assess the cleanness of a product or process
(Su et al. n.d.a). Recyclability, resource-efficiency, and low pollution in-
tensity became part of the criteria applied to consumer products seeking
‘‘Green Mark’’ certification, Taiwan’s Eco-Labelling Programme (Shen
1998).

As part of its outreach programme, the National Centre for Cleaner
Production launched a formal partnership programme with industry asso-
ciations. Member companies of partner associations are expected to com-
mit to compliance with environmental regulations and to apply cleaner
production principles in process and product design with the NCCP pro-
viding technical assistance and audit facilities.7

Unlike the trend in developed economies, Taiwan has increased its en-
vironmental protection expenditures to over 1.2% of the central govern-
ment budget. The EPA budget increased from NT$26.9 billion in 1992 to
NT$44.03 billion in 1998. This was accompanied by an increase in staff
from 29,769 to 34,272.8 For the period 1997 to 2005, US$10 billion has
been allocated for the procurement of environmental technology.

Table 3 provides a selected set of environmental legislation and regula-
tions in Taiwan with provisions relevant to the generation, management
and disposal of industrial wastes. Some regulations were introduced in
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Table 1.3 ROC environmental laws and regulations

Title Relevant provisions/features

Environmental Impact
Assessment Act (1994)

Initiated at the planning stage, the Act applies to
public- and private-sector activities in resource
extraction, manufacturing, transport, dam
building, flood control, recreation and tourism,
cultural, educational and medical facilities and
power generation – as well as government
policies.

Toxic Chemicals Substances
Act (1986/a. 1999)

Implementation Rules for
the Toxic Chemicals
Substances Act
(1989/a. 2000)

Requirements cover labelling, documentation,
equipment, permitting conditions, testing,
inspection, sale and the qualification of
personnel.
– Penalties for non-compliance include jail

terms up to 3 years and fines up to 5M
NTD.

– Stipulates awards for those ‘‘inventing or
improving pollution prevention’’.

Waste Disposal Act
(1994/a. 2001)

Mandates the Responsible Agency with setting
and enforcing standards for disposal and
disposal sites, including the prohibition of the
‘‘manufacture, importation, sale of articles or
packaging that may cause serious pollution to
the environment’’ as well as providing
incentives for recycling.
– Penalties for violation include jail terms of

up to 7 years and a fine of up to 10M NTD.

Soil and Groundwater
Pollution Remediation
Act (2000)

Requires the provision of soil pollution
inspection information for any land sale, or
establishment, suspension or termination of an
industrial operation; established the Soil
Pollution and Groundwater Remediation Fund.
– Penalties for violation include life

imprisonment and a fine of up to 5M NTD.

Air Pollution Control Act
(1975/a. 1999)

Air Pollution Control Act
Implementation Rules
(1975/a. 1993)

Requires industrial parks to have buffer zones
and air quality monitoring facilities; local level
emission limits may be more stringent than
those set by central agency.

Water Pollution Control
Act (1974/a. 1991)

Industries submit a Water Pollution Control Plan
prior to operation.

Environmental Agents’
Control Act (1997)

Aims to ‘‘prevent damage’’ of pesticides,
pollution control chemicals and microbial
preparations by controlling the conditions for
their manufacture, storage, sale, use and
disposal.
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the late 1970s and subsequently amended to respond to changed condi-
tions within the economy. The government is paying attention to enforce-
ment. A special police force of about two thousand was established and
dedicated exclusively to cracking down on environmental violations. This
‘‘green police’’ unit has been granted the power and resources to arrest
violators (Chang 1999). Illegal dumping of hazardous waste can result in
a fine of between US$11,538 and US$38,461.

As shown in the list in table 1.3, penalties for non-compliance can
include life imprisonment and fines of up to US$310,000. Since the pas-
sage of air pollution control regulations, the Environmental Protection
Agency has reportedly collected US$300 million in fines. In 1993 alone
the fines levied totalled US$21 million, half of which came from point
sources of water and air pollution (Yap 2000a). In 2001 it amounted
to US$58 million. The inspection of facilities handling toxic chemicals
was increased from about 7,500 in 1992 to nearly 30,000 in 1998 (Yap

Table 1.3 (cont.)

Title Relevant provisions/features

Criteria Governing Methods
of and Facilities for
Storage, Clearance and
Treatment of Industrial
Wastes (1979/a. 1999)

Designated industries must file an ‘‘industrial
waste management plan’’ prior to commencing
operations; the plan must include a ‘‘waste
reduction plan’’ and emergency plan; requires
detailed documentation of waste generating
and treatment processes as well as storage and
disposal sites.

Hazardous Industrial
Waste Import, Export,
Transit and Transhipment
Management Measures
(1993/a. 1997)

Permit requires extensive documentation,
emergency response plan, financial guarantee
or liability insurance.

Measures for Management
of Environmental
Inspection and Testing
Institutions (1997/a. 2001)

Stipulates the academic qualifications of
personnel in institutions licenced to perform
environmental quality assurance and testing of
facilities.

Effluent Standards
(1987/a. 2000)

Standards set for heavy metals, pesticides,
ammonia, fluoride apply across all sectors;
effluent limits on BOD, COD and suspended
solids are sector-specific.

Fundamentals for
Promoting the Use of the
Taiwan Ecolabel
(1992/a. 1997)

Criteria for obtaining the label include
‘‘significant waste reduction’’, energy
conservation, ISO 14001 certification and
product safety.
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2000a). There were plant closures or suspension of operating permits,
the most notable being the closure of Taiwan VCM Corporation in
Kaoshiung and the Chung Hwa Pulp Corporation plant in Hualien
(Rock 1996).
Voluntary programmes are made attractive to industry through in-

centives such as highly publicized and prestigious government awards.
For example, every year awards are given to companies that demonstrate
the best improvement in environmental performance through adopting
cleaner techniques (Hu 1998; Yang 1999). The strategy seems to work. It
was with obvious pride that one company executive told us, ‘‘The cleaner
production changes significantly increased our profits as well as reduced
our environmental impacts. We are getting an award for environmental
performance from the Ministry of Economic Affairs’’ (Chen, H. Y., inter-
view, 23 July 1999).
The progress reported on other voluntary environmental programmes

suggests a similar pattern. For example, we were told that the Waste Ex-
change Information Center had successfully exchanged 217,216 tons of
industrial wastes ranging from acid solutions to mine dregs, reportedly
resulting in US$54.3 million worth of savings (Su et al. n.d.b). Within
four years after the introduction of the Green Mark programme, 490
products were awarded the certification (MOEA 1999).9 Also, eight
years after the introduction of ISO 14001, just over 1,300 Taiwanese firms
had been certified to ISO 14001, mostly by European certifying auditors
(MOEA 1999).10

Helping develop innovation: R&D

Like its economic development strategy, product and process R&D, in-
formation acquisition and dissemination is at the heart of the Taiwanese
government’s cleaner production strategy. In the 1990s in particular,
R&D and technology diffusion was given prominence in the govern-
ment’s industrial strategy (Weiss 1998). In 2000 US$6.2 billion, or 2% of
Taiwan’s GDP, was spent on R&D; 10% on basic research, 30% on ap-
plied research and the rest on experimental development of the technol-
ogy (Chung 2002). In 1999 the MOEA introduced a new criterion for in-
dustrial research funding in universities. The guideline was apparently
unequivocal – ‘‘no cleaner production, no R&D funding’’ (Su T. T., Di-
rector, interview, 29 July 1999).
Several institutions outside of universities have been created and

funded to undertake R&D on more efficient manufacturing technologies
and processes. Among those most prominent are the Industrial Tech-
nology Research Institute (ITRI), the Textile Research Centre, and the
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China Productivity Centre. If, for example, research is needed to deter-
mine the suitability for reuse of a particular waste stream, the research
is done by any one of the three. ITRI also houses the innovation- and
industry-dedicated laboratories such as the Electronic Research and Ser-
vices Organization and Computing and Communications Laboratory.
In addition to undertaking R&D, ITRI also monitors new technologies,
products and processes developed by international competitors, orga-
nizes transfer of technology, and coordinates new research projects with
local firms. ITRI mediates between industry and the civil service and is,
in effect, part of the policymaking process. It is worth noting that ITRI
puts its technical resources to serve the needs of SMEs. As part of the
government’s efforts to enforce zero discharge in electroplating opera-
tions, most of which are SMEs, the ITRI developed an optimized clean-
ing technology, a chromium recovery technology and a new ion-exchange
resin. This system was installed for demonstration purposes at a barrel
electroplating factory with three workers, and a bicycle parts rack-plating
factory with eleven workers. In both cases all costs were recovered in less
than three years. Several hundred electroplating firms have since bene-
fited from this technology. Such direct technical assistance to SMEs is
rarely provided in other jurisdictions, despite policy statements in sup-
port of such interventions.11

Communicating, transferring and diffusing innovation to industry

In the last five years ITRI claims to have transferred around 350 technol-
ogies to more than 500 companies. It has signed research contracts with
over 1,000 companies (Chung 2002).

As part of EPA’s promotion of inter-firm waste reuse and recycling
programme, a Waste Exchange Information Centre provides information
on waste stream quantities and composition to potential users. It is
housed at the Union Chemical Laboratories of the Industrial Technology
Research Institute. The IDB regularly organizes sector-specific cleaner
production training workshops for industry (Chiu 1998; Hu 1998; Lee
and Lee 1998; Wu 1998). This is done alone or in collaboration with the
EPA, the Asian Productivity Organization (APO) and Asia-Pacific Eco-
nomic Cooperation (APEC). Since 1994 over 10,000 SMEs have partici-
pated in two- to three-day information workshops on cleaner production
and ISO 14001 (MOEA 1999).

When the IDB created the National Centre for Cleaner Production,
it also launched a campaign to promote ISO 14001 among industry.
What is rather unique about this programme is that the IDB strongly en-
courages that the ISO 14001 certification be preceded by cleaner produc-
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tion changes. According to one key informant, the advice from the gov-
ernment is clear: ‘‘do waste minimization first and it will be easier to es-
tablish ISO 14001’’ (Hsieh, C. C., Taichung County Vice Director Indus-
trial Development Promotion Committee, interview, 23 July, 1999).
Recognizing the technical constraints faced by SMEs, the IDB is encour-
aging large firms to help their suppliers and distributors adopt cleaner
production and then an environmental management system (EMS) based
on ISO 14001 by establishing what are called corporate synergy systems
(CSSs), which are essentially networks for sharing technical informa-
tion.12
The transfer and diffusion of environmental innovation to industry is

done mainly through what are called ‘‘technical assistance providers’’ or
TAPs. The first two TAPs – the Industrial Pollution Control Technical
Service and the Industrial Waste Minimization Technical Service – were
created by the IDB in 1992 to assist firms to solve pollution problems.
Many privately owned TAPs were established in the 1990s. Over the
years the focus of the TAPs has shifted from pollution control to pollu-
tion prevention or cleaner production. The government still actively
funds demonstration projects in both cleaner production and ISO 14001.
Participants in a demonstration project receive between 40% (for large
enterprises) to 60% (for SMEs) of the cost of the technical assistance
from the government, up to a maximum of US$12,000 for each firm.
Technical assistance to qualified firms is channelled through the TAPs.
When a firm applies to participate in the government’s demonstration
projects, it has to identify a TAP to work with. The TAP assists the firm
in its search for and implementation of appropriate methods and technol-
ogies. The government thus effectively reduces the technical and financial
risk to industry, acknowledged to be the biggest barrier to the adoption
of cleaner production (See for example Boyd 1998; CEC 1996, Yap and
Heathcote 1995).

Ensuring programme coherence and integration

Many of the staff, functions and resources of the EPA and MOEA are
decentralized to the county and city level. This makes industry outreach
programmes in both cleaner production and EMS much easier to inte-
grate with the mandate of the industrial promotion and investment
agencies, both of which play a critical role at the county and city level.
In 1998 for instance, of the 80 training workshops organized by the Tai-
chung County Industrial Promotion and Investment Agency, fifteen to
twenty were on cleaner production and ISO 14001. Over four thousand
companies, mostly SMEs, reportedly participate in these workshops
annually.
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Influence of public policy on firm environmental innovation
decisions

In the case studies, regulation was only one of several factors cited to
have triggered environmental innovation in the firms. But in all cases the
decision to choose and adopt cleaner production was facilitated by infor-
mation on alternatives as well as cleaner production training and techni-
cal assistance, all provided by the government. With reference to the
decision-making framework in figure 1.1, one might say that in Taiwan
the state systematically nudges the firm from one stage of the decision-
making process to the next. Key to the government’s success is its ability
to (a) design programmes on the basis of a strategic analysis of where
public policy and private sector interests coincide; (b) establish credibility
with industry; and (c) monitor and evaluate the effectiveness and con-
tinuing relevance of its programmes, and, where necessary, to make mod-
ifications. These factors are discussed next.

Strategic analysis

The government uses the profitability enhancing potential of cleaner
production approaches to motivate the private sector to meet environ-
mental protection objectives. The critical role of technology in the search
for cleaner production alternatives is fully recognized. The government’s
approach can be characterized as a balancing of yin and yang forces
which, crudely translated, means wielding both the ‘‘sticks’’ and the
‘‘carrots’’. The EPA is provided with resources to establish and enforce
high environmental standards, while the IDB has the resources to assist
firms to comply.

Credibility with industry

In more than thirty interviews conducted for this study, not a single com-
plaint against the government was raised. Industry-government relation-
ship appears remarkably cordial if not trusting.

It is our analysis that such a relationship was established by having
technically competent government personnel and consultants on the
‘‘front line’’ of the fight to protect the environment. This is consistent
with the observations by many writers on the high quality of the civil ser-
vice in Taiwan, attributed to the merit-based recruitment and promotion
system (Weiss 1998).13 It is interesting to note that several of the pieces
of legislation listed in table 1.3 above indicate the ‘‘training and manage-
ment of . . . professionals’’ as part of the mandate of the responsible
agency. Almost all stipulate the academic qualification of personnel em-
ployed to perform environmental tasks.14

In the government’s cleaner production and EMS strategy, high-
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quality performance of the TAPs is ensured through a government-run
certification system. Only certified individuals or groups can compete
for the subsidies provided by the IDB for the demonstration projects.
To achieve certification, consultants are required to undergo 130 hours
of training and an examination. The consultants must also have two years
of work experience in the sector in which they claim to have an expertise.
Beginning in 1999, all registered EMS TAPs have been required to take
an IDB certified fifty-hour advanced course once every three years as a
condition for renewal of registration.

Adaptive administration

The government maintains an adaptive approach to programme imple-
mentation, allowing for course corrections. Institutional mandates and
programmes are evaluated for effectiveness, responsiveness to changes
in the environment, mutual coherence, minimal redundancy and com-
petition. The government’s relationship with technology assistance pro-
viders (TAPs) is illustrative. Initially established to deal with pollution
control, some of these agencies were then redirected and their members
retrained by the government to focus on cleaner production while others
were redirected and retrained for the promotion of ISO 14001 (MOEA
1999). Some provide assistance in both.
The effectiveness of the TAPs was evaluated in 1999. One of the con-

clusions was that the approach of having TAP professionals specialized in
environmental management in relation to a particular environmental as-
pect, e.g., air emissions or liquid effluents, was causing some confusion
and leading to inefficiency among industry managers in deciding which
TAP to approach for assistance. The government decided to retrain
TAP professionals to deal with sector-specific environmental problems.
This would allow a firm to consult only one TAP, instead of several, to
deal with its problems. The evaluation also concluded that the EMS/
cleaner-production TAPs outperformed purely EMS TAPs in terms of
satisfying the client’s need for technical assistance in achieving continual
improvement (MOEA 1999). At the time of this research, the govern-
ment was reviewing its training for TAPs professionals and considering
granting regulatory flexibility to firms who demonstrate measurable and
significant environmental improvement.

Future challenges and opportunities

The Taiwanese state has demonstrated its capacity to analyse the de-
mands of the economy in the different stages of industrial modernization,
and to adjust its industrial strategies and reconfigure its formal institu-
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tions accordingly. There are indications of success. The air quality of Tai-
wan as a whole and Taipei in particular has significantly improved. The
levels of ozone and sulphur dioxide for example, are comparable to
OECD countries such as Canada. In 2000 the government reported that
61% of its major rivers are unpolluted, 9.7% lightly polluted, 16.4%
moderately polluted, and 12.6% severely polluted (Yap 2000a). Capital
investment in pollution control, which accounted for 2.8% of the total
capital investment in 1987 (Chieh 1994) rose to 4.3% by 1992, with the
investment of state-owned enterprises being three and a half times those
in the private sector, and apparently higher than the pollution control in-
vestments made by Japanese firms at the height of Japan’s pollution con-
trol effort (Rock 1996).

However, formidable environmental challenges remain for the Tai-
wanese government and industry. Industrial pollutants contribute 30%
of river pollution load (MOEA 1999). Factories, farms, ranches, power
plants, waterworks and medical establishments in the Taiwan area re-
portedly generate 440,000 tons of hazardous industrial waste yearly.
What will happen once the ‘‘low-hanging fruits’’ of environmental inno-
vation have been harvested by industry? Will industry continue to pursue
cleaner production changes with longer payback periods and/or uncertain
return on the investment? Such longer term investment perspectives
could be encouraged by designing a set of incentives and disincentives
to: (a) oblige the firm to internalize in its accounting system the medium-
and long-term environmental and resource use impacts of its operations;
(b) encourage advocacy groups on ‘‘brown’’ environmental issues; and,
(c) ‘‘nudge’’ industries to examine and take advantage of symbiotic rela-
tionships among different manufacturing processes and facilities. These
challenges present opportunities. Industrial parks are a central feature
of the government’s economic development strategy. The application of
the principles of industrial ecology to industrial parks offers potentially
significant opportunities for reaching beyond the low-hanging fruits: In
closing the production loop it would be possible to eliminate certain
wastes and minimize numerous others and hence increase the possibility
of finding win-win solutions.

The biggest challenge however looms off-shore. Now that Taiwan has
become a member of the World Trade Organization, its state-industry re-
lations will come under close scrutiny. The government may have to re-
view, restructure and perhaps dismantle some of the programmes that
have been responsible for bringing about improved environmental man-
agement practices by industry. How will the government of Taiwan deal
with the contradiction between the demands for a ‘‘level’’ global playing
field and its well-established practice of guiding national development
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and environmental management? Even those who led the WTO mem-
bership drive admit that industries producing for the domestic market
‘‘will probably face a challenge’’ (Shapiro 2002: 33).
There are grounds for optimism that the post-WTO Taiwan will con-

tinue to seek to minimize the environmental impacts of industrial growth.
At the Fourth National Industrial Development Conference in 2001, in-
dustrial leaders, scholars and government officials reached a consensus
in redefining the types of emerging industries that Taiwan should pro-
mote. They recommended those industries that have ‘‘high ‘value-added’,
generate minimal pollution, and consume relatively little energy’’ (Hwang
2002: 7).
The first Taiwan-born president of Taiwan, Lee Teng-hui, has been

quoted as saying that ‘‘the main secret of Taiwan’s development was not
her ability to meet the technological requirements for increasingly pro-
ductive gadgets, but her ability to meet the organizational requirements
of new combinations . . . of mutually helpful behaviour necessary to
achieve the gadgets’’ (cited in Vogel 1991: 22). It bears watching whether
the state in Taiwan can continue to find organizational innovations that
will allow it to continue to catalyze environmental innovation in its indus-
trial firms.

Notes

1. There are two opposing views on the role of public policy in innovation. One argues
that there is no useful role for governments in encouraging technological innovation,
that innovation decisions are best driven by market forces. Palda (1993) argues, ‘‘Tech-
nology policy, and in particular R&D subsidization, present a fertile opportunity for the
extraction of rents from taxpayers’’ (p. 254). On the other hand, Voyer and Ryan (1994)
assert that ‘‘Governments support the strategies of the firms . . . through research and
development programmes and tax incentives because . . . technological innovations leads
to economic activity, job creation and the socio-economic well-being of their citizenry,
not to mention the taxable revenues that can be derived’’ (p. 3).

2. Indeed Rock (2002) asserted that an indicator of success in Taiwan’s integration of en-
vironmental protection in its industrial development strategy would be ‘‘the demonstra-
tion that manufacturing plants and firms in . . . reducing the energy, materials, water,
and pollution intensity of production by fundamentally altering production processes
rather than by simply cleaning up pollution after it has occurred . . .’’ (p. 1451).

3. Comprehensive pollution or resource consumption data for SMEs do not exist, making
it difficult to precisely determine SME contribution to environmental degradation (Eco-
tec 2000; OECD 2002; Tilley 1999). The estimates range from 50% (Ecotec 2000; Leb-
ourveau 2004) to 70% (Groundwork 1995, cited in Tilley 1999: 239; Hillary 1999). All
agree that because of their sheer number the collective environmental impacts of
SMEs are significant (Ecotec 2000; Fischer 2003; OECD 2002; Stratos 2004). Some sec-
tors are viewed as among the worst polluters – metals, electrical and electronic engi-
neering facilities, food, drink, tobacco, printing, textiles and leather, woodworking and
paper and certain specialty chemicals (KPMG 1997, cited in Ecotec 2000; OECD 2002).
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4. These pallets could be sold to a pulp and paper mill and there was a proposal to estab-
lish one in the industrial park which had to be shelved. The ban on new pulp and paper
facilities continues.

5. HACCP (Hazard, Analysis and Critical Control Points) is an internationally accredited
method of analysing a food processing system to determine potential hazards to food
safety. Once identified, critical control points are identified and managed.

6. Workers who are found to have violated environmental management rules are given
fines. Those who excel are given both cash and material awards.

7. The importance of involving industry associations or sector networks in outreach pro-
grammes has been argued by many who have studied the lack of effectiveness of gov-
ernment outreach programmes in environmental management (Ecotec 2000; Kürzinger
2004; Stratos 2004).

8. The EPA started in 1987 with three hundred staff (Chieh 1994).
9. By comparison, Canada’s Environmental Choice Programme, established in 1985, has

currently two hundred products certified.
10. For Canada the corresponding number is 252, for the United States 710 and Japan,

2,873.
11. An indication of the high quality and practical relevance of research done in Taiwan is

the fact it is currently in fourth place in terms of the number of patents obtained in the
United States.

12. A ‘‘corporate synergy system’’ is a mechanism through which a group of manufacturing
companies work together to achieve certain production of management goals. It is es-
tablished among firms linked by supply chains and usually consists of a central firm and
its manufacturing suppliers or satellites (Shen-yann n.d.).

13. More than 25% of the workforce in Taiwan have a college degree or higher level of ed-
ucation (Chiu 2000). It is interesting to note that those who have played a major role in
shaping and implementing Taiwan’s economic development strategies have been engi-
neers and scientists. Ten of the fourteen ministers of economic affairs between 1949 to
1985 were trained engineers. When technical expertise on macroeconomic policies was
required, the government called on Chinese-born economists in the United States for
assistance (Vogel 1991).

14. The World Business Council for Sustainable Development estimates that only 5 to 10%
of SMEs are reached by government SME-outreach programmes. Apart from the obser-
vation that the programmes are ‘‘too general and supply-driven, poor quality’’ (Young
2004), the lack of qualified and competent technical assistance providers is cited as a
barrier (BCPPDP 1999; GBN 2001; Hillary 1999; Huppé 2005; Huppé et al. 2005; Jo-
hannson 2005; Lebourveau 2004).
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2

Environmental regulation and
industrial competitiveness in
pollution-intensive industries

Jonathan R. Barton, Rhys Jenkins, Anthony Bartzokas,
Jan Hesselberg and Hege M. Knutsen

The adoption of new technologies at the firm level is a result of many
different factors. When it comes to addressing pollution problems, the de-
velopment of environmentally conscious technologies takes place in both
production processes and products. Given the diversity of industries in
terms of production processes, products and hence pollution sources, the
incentives structure and other considerations at the firm level are difficult
to generalize. In this paper, we suggest that a better understanding of
technological trends at the sectoral level is a necessary precondition for
better understanding of the impact of environmental regulation on tech-
nological change.1

This paper synthesizes the research findings of in-depth studies of
three pollution-intensive industries: iron and steel, leather tanning and
fertilizers. Each of the three studies was based on fieldwork carried out
in a number of European countries and in several industrializing and
transition economies where it was anticipated that environmental regula-
tion would be much less stringent than within the EU. Both in Europe
and outside Europe, interviews were carried out with environmental
and/or plant managers in a number of firms and with national and Euro-
pean trade associations, technical experts and regulators. In each indus-
try, the aim was to understand the environmental problems of the indus-
try, the impact of regulation and the evolving competitive position of the
sector. This involved establishing where the critical environmental pres-
sures were within each industry and understanding the corporate strat-
egies that have been adopted. The rationale for choosing the iron and

51



steel, leather tanning and fertilizer industries is that these three indus-
tries are perceived as accounting for a significant amount of industrial
pollution.
This paper is organized as follows. In the next section we briefly pres-

ent the literature on environmental regulation and competitiveness in the
global economy and discuss the scale at which the links between environ-
mental regulation and competition may be studied and make an argu-
ment for adopting a sectoral approach in multiple countries.
Section 3 discusses some of the emerging challenges associated with

the globalization of trade.
Section 4 discusses the factors that contribute to changes in the distri-

bution of industrial activity, followed by a discussion of sectoral structure
and competitiveness in the context of environmental regulation in the
iron and steel, leather tanning and fertilizers industries. Section 4 also
discusses the relationship between environmental regulation and techno-
logical change, as well as the relationship between environmental regula-
tion and corporate strategy.
In Section 5 we discuss the factors that contribute to changes in the

global distribution of industrial activity, paying particular attention to
the environmental implications of industrial relocation.
Sections 6 and 7 discuss sectoral competitiveness and corporate strat-

egy in light of industrial relocation and regulatory pressure with refer-
ence to the three sectoral case studies of iron and steel, leather tanning
and fertilizers.
Section 8 explores the implications of this study for environmental im-

provement, while Sections 9 and 10 conclude this chapter by underlining
the opportunities for environmental improvement and drawing attention
to the policy implication of these opportunities.

Environmental regulation and competitiveness

A number of different hypotheses have been advanced concerning the re-
lationship between environmental regulation, competitiveness and indus-
trial location and it is necessary to distinguish between them and to clar-
ify some of the terminology used. Previous studies have not always been
consistent in the way in which they refer to the phenomena that are set
out here. In general terms there are two sets of linkages, those running
from environmental regulation to trade, investment and competitiveness,
and those which run in the opposite direction, from globalization to envi-
ronmental regulation. This chapter is primarily concerned with the first
set of linkages.
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There are a number of ways in which it has been suggested that envi-
ronmental regulation may affect competitiveness and industrial location.
First of all there is the industrial flight hypothesis that firms relocate their
operations from highly regulated economies through investment in less
strictly regulated jurisdictions. The emphasis here tends to be on the
‘‘push’’ factor of stricter environmental regulation in the North leading
firms to transfer production to less regulated areas. The focus is on for-
eign investment by firms from the developed countries that relocate to
the South. A rather broader approach revolves around the ‘‘loss of com-
petitiveness’’ hypothesis. There is considerable literature which discusses
the possibility that highly polluting industries will become less competi-
tive in more regulated economies as regulation is increased and/or trade
is liberalized. This loss of competitiveness hypothesis does not necessarily
involve any relocation of production by firms from the North, but does
affect the global distribution of industry as a result of differences in costs
between firms located in different jurisdictions. In other words, firms that
face high environmental compliance costs may lose market share to those
located in less regulated jurisdictions. Whereas the last hypothesis refers
to inter-industry shifts in location, the ‘‘source-and-hide’’ hypothesis re-
fers to intra-industry shifts (Bergstø, Endresen and Knutsen 1998). As in-
ternational production is increasingly organised in commodity (or value)
chains (Gereffi 1994), new opportunities arise for firms to externalize
their pollution by using less-regulated suppliers. In other words, those
parts of the commodity chain that generate most pollution can be located
in developing countries where environmental regulation is less stringent.
All the hypotheses referred to so far are essentially pessimistic in that
they assume that there is a conflict between stricter environmental regu-
lation and competitiveness. The Porter hypothesis claims that, on the con-
trary, environmental regulation can, and often does, lead to economic
benefits and hence to increased competitiveness. If that were generally
the case, then the concerns raised above would be quite unfounded.

Turning to empirical validation, many recent studies reflected consid-
erable scepticism as to the validity of the various hypotheses. It was sug-
gested then that this was due, in part, to the high level of aggregation in
most studies. It was also noted that there was a tendency to isolate envi-
ronmental regulation and not consider how it interacts with other fac-
tors.2 There are a number of reasons why the specific focus chosen for
the case studies is at the level of industry. First, the theoretical and em-
pirical literature on the interface between environmental regulation and
competitiveness has shown a very mixed picture. Looking at the firm
level, it has proved very difficult to establish causal links between envi-
ronmental and economic performance. It is therefore necessary to take
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account of the interaction of environmental regulation with other factors,
which influence corporate decisions. At the industry level, there is evi-
dence of a shift of pollution-intensive industries to less regulated coun-
tries in the South. There is also evidence that competitiveness has in-
creased in a number of these industries in developing countries while it
has declined in the advanced industrialized countries. However, as with
firm-level studies, it has been difficult to establish the causal linkages. A
firm’s behaviour, its competitive strategies, investment decisions, and lo-
cational choices need to be understood in the sectoral context where the
structure of the industry and the nature and scale of competition affecting
the sector determine the sector’s evolution and that of the firms within it.
Second, the responses of firms to environmental regulation are criti-

cally dependent on the competitive characteristics of the industries within
which they operate. Indeed, technological developments and production
processes are industry specific. The environmental impact of an industry,
and the way in which it changes over time, depends on the technological
trajectory of the industry.
Third, in order to understand how environmental regulation leads to

changes in technology and how these affect competitiveness, it is also
necessary to look at specific industries. Macro-studies in the past have
failed to arrive at very clear conclusions concerning the impact of envi-
ronmental regulation on competitiveness, technological change and in-
dustrial location. On the other hand, examples of specific firms that have
relocated production or gained competitive advantages as a result of en-
vironmental regulation can be dismissed as ‘‘anecdotal’’. Firm-level case
studies, therefore, are unlikely to produce conclusive evidence on either
the negative impact or the advantages of environmental regulation. As
this chapter demonstrates, sectoral industry studies offer specific insights
without overlooking the firm dynamics, an element not captured or evi-
dent in aggregate macro-studies.
Finally, it is important to look at linkages between different stages in

the production process, because often these have very different implica-
tions in terms of pollution generated and the value-added created. This
again leads to an industry focus and can be usefully explored through
a commodity chain approach. An additional advantage of the sectoral
approach is that it provides the opportunity for a closer look at environ-
mental problems in various stages of the production process.
For all these reasons, we adopted an industry case-study approach in

the central parts of this book, which would make it possible to examine
the impact of environmental regulation in the context of the competitive
dynamic of different industries. This chapter looks at the debates once
more in the light of the evidence from our three case studies.
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Emerging challenges in the global economy

It is sometimes thought that industrialization in the developing world has
mainly taken the form of the growth of light industries such as garments
and electronic assembly in export processing zones, and that therefore the
environmental implications of industrial growth are relatively limited.3
However, as table 2.1 shows, the increase in the South’s share of world
manufacturing value added has also occurred in those industries that are
identified as the most pollution-intensive sectors internationally.4

The increasing share of less developed countries in the production
from pollution-intensive industries is not simply a reflection of the gen-
eral growth in their share of world manufacturing. In fact, the share of
such industries in total manufacturing value added in the South has
increased since 1980, while their share in the North has fallen (see
table 2.2).

Table 2.2 also shows that, contrary to popular perceptions, the most
polluting industries account for a greater share of manufacturing in the
less developed countries and that the gap between the share of such in-
dustries in North and South has been widening over time.

Despite the fact that there is considerable debate both over the extent
of globalization and its consequences, the growth of international trade,
the expansion of transnational corporations and the increased intercon-
nections of financial markets are all indicative of a process which has
significant implications for national economies and global change. Asso-
ciated with globalization has been a significant shift in the proportion of

Table 2.1 Share of LDCs in world manufacturing value added in 10 pollution-
intensive industries, 1980, 1985, 1990, 1996

1980 1985 1990 1996

Leather 23.3 24.8 26.0 29.9
Paper 9.4 9.7 10.5 11.8
Industrial Chemicals 11.4 13.4 14.8 17.9
Other Chemicals 14.7 14.1 14.4 15.8
Petroleum Refineries 30.0 36.0 39.3 43.2
Rubber Products 15.4 16.1 18.5 21.5
Other Non-metallic Products 15.0 16.8 17.8 23.1
Iron and Steel 12.1 14.3 17.0 23.3
Non-ferrous Metals 15.4 16.5 17.0 20.3
Metal Products 8.2 9.0 9.5 11.0

Manufacturing Value Added 14.4 15.3 16.8 21.7

Source: UNIDO (1999)
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world industrial production which is accounted for by the countries of
the South. The implication of this increased share of polluting industries
within the manufacturing sector in the South is that pollution loads are
likely to increase, and the need to find ways of mitigating industrial pol-
lution will become more urgent.
The current state of environmental regulation in most developing coun-

tries is not adequate to cope with increasing pollution trends, particularly
in terms of enforcement. In the present context this assumes importance
because, despite the existence of a number of international environmen-
tal agreements, environmental regulation continues to be predominantly
nationally based and major differences exist in the strictness of environ-
mental regulation between countries.
Casual observation suggests that the degree of regulation tends to be

positively correlated with a country’s income level, and this is supported
by some empirical evidence (Dasgupta et al. 1995). Particularly when ac-
count is taken of the level of monitoring and enforcement of environ-
mental standards, it is clear that major differences exist between the ad-
vanced industrial countries and the developing and transition economies.
European Union countries such as Germany, the Netherlands and Den-
mark have some of the strictest environmental standards in the world,
and although other EU countries lag behind the leaders, they still have
higher standards and more stringent enforcement than apply in the
South. It is these differences that give rise to much of the concern about
the interaction between globalization and increased environmental regu-
lation in the countries of the North. These are focused on the links be-
tween environmental regulation and competitiveness and fears over ‘‘in-
dustrial flight’’, ‘‘pollution havens’’ and ‘‘eco-dumping’’.
At the same time, the empirical evidence regarding the impact of envi-

ronmental regulation on competitiveness and the effects on investment is
far from clear-cut. Indeed, many economists argue that environmental
factors do not play a significant role in international trade and invest-
ment, while others go even further, arguing that environmental regula-
tion tends to increase competitiveness. The approach adopted in this

Table 2.2 Percentage share of 10 pollution-intensive industries in manufacturing
value added, 1980, 1985, 1990, 1996

LDCs Developed countries

1980 36.6 33.5
1985 37.0 31.8
1990 37.8 31.3
1996 39.0 31.3

Based on UNIDO (1999)

56 JONATHAN BARTON ET AL.



paper rejects mono-causal explanations of competitiveness and environ-
mental regulation. A major working hypothesis is that the relationship
between environmental regulation and competitiveness is a complex one.
This contrasts both with those studies that tend to concentrate on the
national level and those based on the experience of individual firms.
Mono-causal explanations, which attribute changes in competitiveness
solely to differences in environmental regulation, do not adequately cap-
ture this. They cannot explain why relocation occurs in some pollution-
intensive industries and not in others, or why some countries with rela-
tively strict environmental regulation have been able to maintain their
competitiveness in such industries. What is required is a framework that
allows the impact of changes in regulation to be analysed in the context
of other factors affecting competitiveness and the structural features of
the industry concerned.

A second factor that prompted this research was the realization that
the overwhelming bulk of previous work on these issues was focused on
the United States. This is not surprising since the United States has been
active in environmental protection for a number of years, and it has the
best sources of data on which to base such studies. It has also had the
most active public debate around these issues, which reached new heights
in the early 1990s in connection with the negotiation of the NAFTA
agreement with Mexico.

However, particularly in the 1990s, the implications of environmental
regulation for competitiveness in the countries of the European Union
have also moved up the political agenda. The Maastricht Treaty of 1991
made the environment one of the major concerns of the European Union
and called for the integration of environmental objectives into other EU
policy matters. The EU’s Fifth Environmental Action Programme, To-
wards Sustainable Development 1993–2000, emphasized the precaution-
ary principle and encouraged the introduction and adoption of cleaner
production processes (Bartzokas, Demandt and Ruijters 1997). Since
1992 the European Commission has committed itself to ‘‘turning environ-
mental concern into competitive advantage’’ (EC 1992: 31).

The distribution of production in the three case studies

Along with the general trend of globalization there have been significant
increases in international trade in recent years in the iron and steel,
leather and fertilizers industries. In the steel industry the share of pro-
duction traded internationally almost doubled from 23.2% in 1975 to
43.3% in 1997. An even more dramatic change occurred in the tanning
industry where the volume of light leather exported increased as a share
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of world production from 25.6% in 1979–1981 to 61.5% in 1994–1996
(FAO 1998). Despite the decline in world consumption of phosphate
fertilizer between the mid-1980s and the mid-1990s, trade in processed
phosphates increased by over 70%. Increased trade in iron and steel,
leather and fertilizers has been accompanied by significant changes in
the location of production and, in particular, an increase in the share ac-
counted for by developing countries (table 2.3).
The share of the world’s iron and steel production located in develop-

ing countries has more than doubled since the late 1970s. In tanning, the
share of production located in the South increased from 26% for heavy
leather and 35% for light leather in 1969–1971 to 56% for both types of
leather by the mid-1990s. Fertilizer production in developing countries
has also more than doubled its share of global production since the end
of the 1970s.

Factors contributing to changes in distribution of industrial
activity

The case studies in our project show no evidence of industrial flight from
North to South to take advantage of less stringent regulations in the
South. Except for fertilizers, these are not sectors where transnational
corporations or direct foreign investment are very significant. In the case
of the steel industry, there has been some investment in joint ventures
overseas, but these have not been motivated by a desire to relocate pro-
duction from the North but rather to get a foothold in rapidly grow-
ing markets in the South. In leather there has been a certain amount of
foreign investment of German capital in Poland and the Czech Republic
and of Italian capital in Brazil. Again this has not been a generalized
pattern.

Table 2.3 Percentage share of developing countries in world production in three
industries

1979 1997

Steel 14.2 36.8
Leather*
Heavy 34.1 56.2
Light 40.5 58.9

Fertilizer 20.2 45.2**

Source: IISD (2000), FAO (2002)
*Averages for 1979–1981 and 1994–1996
**1998
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Two European firms in the fertilizer industry, Norsk Hydro and Ke-
mira, have adopted global strategies and made important investments in
developing countries, including a number of joint ventures. There is no
evidence that these have been motivated by a desire to take advantage
of less stringent environmental regulations in host countries. Again, as
in steel, a desire to participate in rapidly growing markets has been an
important factor in some instances, while in other cases, as for example
in North Africa and the Middle East, the main factor has been access to
raw materials.

Indeed, demand has played a significant part in the changing pattern
of industrial location in all three industries. There is evidence in the
three cases that the share of world consumption in the South has in-
creased significantly. In tanning this has been caused by the relocation
of the footwear industry to developing countries. Between 1979–1981
and 1994–1996 the share of the world’s leather shoe production located
in developing countries more than doubled, from 35% to 71% (FAO
1998: table VIII). This represented an increased demand for leather of al-
most 900 million square metres (FAO 1998: table IX).

It has been observed that the steel-intensity of GDP increases as coun-
tries become more industrialized. Thus, it is not surprising to find that
steel consumption has increased rapidly in a number of less developed
countries in recent years. In addition, at higher levels of per capita in-
come, the growth in demand for steel tends to level off. Finally, in the fer-
tilizer industry the intensification of agriculture in the South has led to
a rapid growth in demand for artificial fertilizers, as the case studies of
Turkey and China illustrated. At the same time, environmental concerns
over the excessive use of agricultural chemicals and the growth in organic
agriculture in the North tend to reduce the growth of demand. Thus,
growth in the world fertilizer market tends to be increasingly concen-
trated in developing countries.

The fact that demand patterns are changing does not however rule out
the possibility that other factors have also played a role in the changing
pattern of industrial production in the three industries. In particular, it
is important to examine the changes which have taken place in interna-
tional competitiveness within these industries. In all three industries, the
share of developing countries in world exports has increased significantly
since the late 1970s (table 2.4). Although this lags behind their share of
world production, it does indicate that developing countries have been
gaining competitiveness, and that changes in the location of production
are reflecting more than just shifts in demand patterns.

There is also evidence from the case studies of shifts in the location of
production within each industry that is not picked up by looking at aggre-
gate figures. The study of tanning, which explicitly adopts a commodity
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chain approach, underlines the production of wet blue as the most pollut-
ing part of the tanning chain. Unfortunately, data on leather production
and trade does not distinguish between different stages of production but
only separates out light and heavy types of leather. Thus, apart from
highlighting the location of wet blue production, it is not possible to pro-
vide detailed evidence at the global level of the shifts that are taking
place within the commodity chain.
In particular it was found that tanners in Germany and Italy had en-

tered into sourcing arrangements with wet blue producers in Eastern Eu-
rope and Brazil. This enables the European manufacturers to avoid the
most polluting stages of production and to maintain the high-value-added
processes at home. Both in Italy and Germany this strategy is seen as a
way of coping with local environmental regulations. At the same time,
as illustrated by the case study of Brazil, it appears that the tanning in-
dustry in some countries in the South has become increasingly oriented
toward the more polluting parts of the production process. In the South,
in addition to the increase in the share of pollution-intensive industries in
manufacturing, there seems also to be an increase in the presence of the
most polluting stages of production.
While the clearest evidence of this trend comes from the tanning indus-

try, there is also some suggestion that a similar trend may have occurred
in the iron and steel industry. The most polluting stages of the integrated
steel-making process are the coke ovens and the sinter plant. Production
of both coke and sinter have been falling in the North but have tended to
increase in the South since the late 1970s. In the European Union, im-
ports of coke-oven products increased by more than 150% between 1988
and 1998.
In the case of the fertilizer industry there have also been changes in

the location of different parts of the commodity chain. Historically, the
raw-material producing countries tended to export phosphate rock, and
downstream processing occurred in the North. Over the past two de-
cades, however, exports of phosphate rock have been declining and ex-

Table 2.4 Percentage share of developing countries in world exports in three
industries

1979 1997

Steel 7.8 24.2
Light Leather* 44.5 57.9
Fertilizer 11.7 19.2**

Source: IISD (2000), FAO (2002)
*Averages for 1979–1981 and 1994–1996
**1998, based on value of exports

60 JONATHAN BARTON ET AL.



ports of phosphoric acid have increased, particularly to western Europe
and to India. In the case of Europe, most of the local phosphoric acid
plants were closed down for economic and environmental reasons. Thus,
the outsourcing of phosphoric acid has been an important factor in the
phosphate-fertilizer industry.

The processes in which the South has tended to specialize in these in-
dustries have not only been relatively pollution-intensive, but have also
tended to have low value added. In the case of the leather industry, wet
blue accounts for a relatively small share of the value added of finished
leather despite being responsible for most of the pollution. In the iron
and steel industry, value added per ton of steel produced is much higher
in Japan, the United States of America, Germany and the United King-
dom than in developing countries. An implication of this is that geo-
graphical shifts in the share of value added toward developing countries
will lag behind increases in their share of physical output.

Environmental regulation and sectoral competitiveness

The relationship between environmental regulation and sectoral compet-
itiveness is very much dependent on the sector. In this section we discuss
sectoral structure and competitiveness in the context of environmental
regulation in the iron and steel, leather tanning and fertilizer industries.
We also discuss the relationship between environmental regulation and
technological change, as well as the relationship between environmental
regulation and corporate strategy.

Sectoral structure and competitiveness

Iron and steel

Competition in bulk steel is primarily based on price. Although raw ma-
terials are not as significant a part of total costs as in tanning, access to
low-cost iron ore, coke and energy can be a source of competitive advan-
tage in the industry. Steel making is a capital-intensive activity subject to
significant scale economies, and consequently competitiveness depends
both on a significant volume of production and on access to capital.
Moreover, continuous technological improvement in the industry also
means that the vintage of a plant is an important determinant of firm
competitiveness.

Because iron and steel has long been regarded as a strategic industry,
there has often been extensive government involvement in the sector, in-
cluding of course state ownership, although this has become less impor-
tant as a result of the privatizations of recent years. However, national
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government policies, including trade policies, subsidies and procurement
policies, continue to be an important element influencing the competitive
position of firms.
The steel industry is characterized by cyclical variations in demand and

has also experienced international overcapacity in recent years. As a
result, profit rates overall have been low which has meant that cost re-
ductions have been important for firms that wish to remain competitive.
Substantial rationalization has taken place in the EU iron and steel in-
dustry since the 1980s, involving mergers, plant closures, joint ventures
and niche-market diversification.

Leather tanning

The tanning industry produces primarily for the footwear industry, but
also supplies a range of other leather product industries such as uphol-
stery, fashion goods and clothing. Tanners compete on both quality and
price. As far as quality is concerned, the key factors are the quality of
the raw materials that the tanner uses, and technology, particularly tacit
knowledge regarding production processes and chemical inputs. These
are important at the top end of the market.
For the bulk of the leather market, price competition is a major consid-

eration. The cost of raw materials accounts for a significant share of the
finished product, usually over half in Europe (Knutsen 1999). Tanning is
also a relatively labour-intensive industry so that labour costs are an im-
portant contributory factor in price competitiveness.
Many countries have placed export restrictions on exports of salted

hides, and this tends to reduce the cost to local producers in those coun-
tries vis-à-vis producers elsewhere. Thus, access to competitive hides ei-
ther of good quality or low price is an important competitive advantage
for some tanners. Some countries, including Poland and the Czech Re-
public, removed such export restrictions as part of their economic liberal-
ization in recent years, and this has tended to reduce the cost advantage
enjoyed by local tanners.
Tanning is a low-profit activity within the leather-commodity chain.

Environmental costs therefore, although not necessarily high relative to
the value of sales, can be quite significant in relation to profit and value
added at the tanning stage. This is particularly true for those firms that
compete in the most price sensitive segments of the market.

Fertilizers

Price competition is also important in the fertilizer industry. Major
sources of competitive advantage here are access to raw materials, par-
ticularly phosphate rock in the case of phosphates and natural gas in
the case of nitrogenous fertilizers. Thus, some of the most successful
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EU producers in the industry such as Kemira and Norsk Hydro base
their competitive position on their raw materials. In the case of phos-
phate fertilizers, the high cost of transporting phosphate rock also
gives a cost advantage to firms whose fertilizer production is close to
rock deposits.

Like steel, and in contrast to tanning, the industry is relatively capital-
intensive and large-scale so that access to capital is an important factor.
Some of the major producers form part of large chemical groups while
others, although specializing in fertilizers, are relatively large firms in
their own right.

A further important element in the competitiveness of fertilizer manu-
facturers is their distribution networks. As application techniques are be-
coming an increasingly important element in the productivity of fertilizers
from the point of view of farmers, user-producer links have become an
important strategic factor for firms.

Developments in the agricultural sector are crucial to the demand for
fertilizers. Although world demand for fertilizers continues to be strong,
there is a shift in demand toward developing countries. In the European
Union, demand is very much affected by the Common Agricultural
Policy. This, together with the environmental requirements imposed on
agriculture, for example through the Nitrate Directive and the Drinking
Water Directive, is likely to mean a downward trend in fertilizer con-
sumption within the EU.

The impact of environmental regulation

The impact of environmental regulation on competitiveness differs from
industry to industry, and within industries between different segments.

Iron and steel

As was seen above, price competition is an important factor in the iron
and steel industry. It is also estimated that environmental investments ac-
count for around 10% of total investment and of operating costs in the
industry in the EU. It might seem likely therefore that environmental
regulation would be a significant factor in competitiveness.

However, other factors appear to be far more important in the case of
the steel industry. Differences in the cost of steel between different pro-
ducers and countries are substantial, varying by as much as $100 a ton.
These may derive from access to low-cost sources of iron ore, as in Bra-
zil, or to large-scale production in modern, efficient plants as in South
Korea. Modern plants also tend to be more energy efficient and therefore
less polluting than older vintage plants. Pollution control is often built in
to newly constructed plants wherever they are located so that although
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local regulation may be less stringent than within the EU, this is not nec-
essarily reflected in substantial cost savings where new plants are being
opened. However, there is a particular problem for older plants, as for
example in central and Eastern Europe. Retrofitting to reduce pollution
is expensive, and because of less-modern technology, operating costs tend
to be higher.
Although steel producers fear the impact of future environmental reg-

ulation, particularly carbon taxes, on their competitiveness, they have not
so far been a major factor overall. There are some areas of steel produc-
tion however where there continue to be significant emissions, particu-
larly from coke ovens and sinter plants. New direct reduced iron (DRI)
technologies are being developed which obviate the need for these pro-
cesses in steel production, but so far these have not been extensively
adopted in Europe. These technologies depend crucially on access to
cheap energy and have been developed in Mexico (based on natural gas)
and South Africa (based on coal).

Leather tanning

To a much greater extent than the steel industry, tanning would appear
to be vulnerable to competition from countries where production is not
subject to the same stringent regulations that exist in Europe. This is
particularly true of those segments of the industry where competition is
largely based on price.
Estimates of pollution abatement costs in Europe put them as around

5% of total production costs. While this may seem not to be excessively
high, profit margins in the industry are only 2–3%, suggesting that the
cost of environmental regulation does significantly reduce profitability.
Other factors that contribute to low profitability have been the decline
in demand as a result of relocation of the footwear industry to developing
countries and greater use of synthetic substitutes, and increased competi-
tion from overseas manufacturers who have access to cheap raw materi-
als as a result of local policies to increase domestic value added.
These problems have been particularly acute in Northern Europe,

which has also tended to be the area with the strictest environmental reg-
ulations within the EU. The experience of the German tanning industry,
where tighter environmental regulation in the mid-1980s came at a time
when the industry was already weakened by these other factors since
the mid-1960s, provides a good illustration. As a result, the industry was
poorly placed to deal with increased environmental costs since profits
were low and its competitive position already eroded.
In the top end of the market, however, competition is mainly on qual-

ity, and therefore firms that produce this type of leather are much less ex-
posed to price competition. Value added in the tanning and finishing pro-
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cess is also greater than in the price-competitive section of the market. It
is thus much more feasible for firms to absorb or pass on the costs of en-
vironmental improvements, and they are less subject to competition from
less-regulated producers who may not have the technological capacity to
produce products of similar quality.

Fertilizers

The fertilizer case study illustrates how there may be considerable differ-
ences between segments of the same industry. In nitrogenous fertilizers,
pollution abatement costs are relatively low so that the overall impact of
nitrogen oxide regulations on firm competitiveness is not very significant.
The key factor affecting the competitive position of the EU in this sector
is increasing imports based on cheap natural gas from central and East-
ern Europe and the former Soviet Union.

The situation is quite different in the phosphate-fertilizer industry
where there are still technological and economic difficulties in removing
cadmium from phosphate rock and phosphoric acid, and in disposing of
phosphogypsum. As a result of the stringent regulations on phosphogyp-
sum, there has been a significant reduction in production capacity of
phosphoric acid and a fall in output in the EU since 1980. This has been
associated with increased imports of phosphate fertilizers from integrated
plants near deposits in the United States, Africa and the Middle East.

Technological change

The view that environmental regulation can lead to increased competi-
tiveness is based very much on the argument that it will lead to techno-
logical changes that are not only environmentally beneficial but also re-
duce costs or lead to an improved product.

A recent review of the literature on technological change and the envi-
ronment concluded that there was general agreement that environmen-
tal regulation is likely to stimulate innovation and technology adoption,
which will facilitate environmental compliance. It was also agreed that
external pressures can sometimes stimulate innovation that leaves the
firm better off, and that where domestic regulation correctly anticipates
worldwide trends, first-mover advantages may arise. However, there was
considerable disagreement over the extent to which ‘‘innovation offsets’’
exist in practice. There is also controversy, when they do exist, over
whether or not they are sufficiently large, relative to R&D and manage-
ment costs, to give rise to true ‘‘win-win’’ situations (Jaffe et al. 2000).

Innovation offsets can arise in a number of ways. The most significant
are where resources are used more efficiently and/or waste is reduced;
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by-products are recycled or converted into a form that can be sold, thus
generating additional revenues; or new technologies reduce production
costs. In general, end-of-pipe measures to reduce pollution are unlikely
to generate innovation offsets since they do not change the production
process. As a result they are likely to increase total costs.
To what extent have any of these occurred in the three industries stud-

ied? In the steel industry two major technological changes have had sig-
nificant environmental implications in recent years. The first of these is
the growth of electric arc furnaces, which are particularly significant in
many new producing countries. Although these are dependent on the ex-
istence of scrap, where this is available, it is a less polluting route to steel
production than the integrated route. The second is continuous casting,
which considerably reduces the amount of energy required in production.
Although the introduction of both of these processes has reduced envi-
ronmental damage caused by the steel industry, in neither case was the
technology a response to environmental regulation. The environmental
benefits were rather incidental to the economic advantages, which moti-
vated the introduction of these technologies.5
Most of the other steps that have been taken in the steel industry

to reduce pollution have involved end-of-pipe treatment. These include
electrostatic precipitation to treat flue gas, and wastewater treatment.
The rising cost of landfill in many countries has also led firms to increase
recycling and to seek ways of reusing or disposing of their waste. Where
landfill is not a problem however there is less interest in such measures
since they also require new investments. It is not surprising therefore
that steel companies tend to regard environmental improvements as in-
volving additional costs and not to perceive them in win-win terms.
In the leather tanning industry, suppliers of machinery and chemicals

are the main innovators rather than the tanners themselves. Moreover,
technological change in the industry has been incremental and there
have been no significant reductions in the costs of production. Indeed, as
the third section of this chapter shows, the industry has currently reached
a technological ceiling.
The main technological responses to environmental regulation have

been to utilize less-polluting chemicals and end-of-pipe measures, partic-
ularly wastewater treatment. Not surprisingly therefore the leather man-
ufacturers in Germany and Italy are clear that the cost of complying with
environmental regulations are not compensated through innovation off-
sets. The new chemicals that are used do not produce such good leather
as the traditional ones and ‘‘ecological leather’’ is both more expensive
and of lower quality than that produced by traditional methods.
Production technology in the fertilizer industry has remained essen-

tially unchanged since the late 1960s with most subsequent innovation
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being focused on reducing energy use and intermediate inputs. Increased
energy efficiency does of course have beneficial environmental impacts
through reductions in emissions such as nitrogen oxide and carbon diox-
ide. However, the main motivation behind energy saving is economic
rather than environmental. Measures specifically designed to reduce
environmental damage by the fertilizer industry are mainly end-of-pipe
technologies, including gas scrubbers and dust collectors, and the reuse
and recycling of process waters (Bartzokas and Yarime 1999: 42). Other
examples of additional investments required to deal with effluents are
specialized equipment to reduce nitric oxide emissions in the production
of nitric acid, and units designed to remove fluoride compounds in phos-
phoric acid plants. Reuse and recycling measures usually involve concen-
tration of process streams prior to recycling and also involve additional
costs.

A major environmental problem in the phosphate-fertilizer industry is
cadmium. The use of magmatic phosphate rock with a low cadmium con-
tent is one solution but world reserves are very limited so that this would
lead to increased input costs, while measures to reduce the cadmium con-
tent by calcination are also very costly (Bartzokas and Yarime 1999: 44).
As in the iron and steel industry therefore, environmental improvements
in the fertilizer industry have either been an incidental benefit from tech-
nological changes introduced primarily for cost reasons, or have involved
additional investments or production costs.

In summary therefore none of the three industries studied here provide
any significant examples of innovation offsets that would suggest that en-
vironmental regulation led to increased competitiveness.

Corporate responses to environmental regulation

Given that all three industries are technologically mature and that signif-
icant segments are characterized by price competition, it is particularly
interesting to discover the strategies that have been used by firms in the
industry to maintain their competitive position in the face of more strin-
gent environmental regulation and intensified international competition.

One strategy is to concentrate on the less price-sensitive segments of
the market, usually by moving into production of high-quality products
and/or those that incorporate more value added. This has clearly been
an important strategy in tanning where firms, particularly in northern Eu-
rope, have focused their production on the quality market, and there has
been a growing emphasis on upholstery leather. By emphasizing quality
these firms seek to insulate themselves against competition from lower
cost overseas sources. This is not easy to achieve and price remains an
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important consideration even among high-quality producers. Those firms
that have successfully adopted this type of strategy have been able to do
so despite the fact that there is little demand in Europe for environmen-
tally friendly leather so that there is no product offset to be gained.
It is possible to detect a similar strategy in the steel industry where EU

firms are concentrating more on high-value-added steel, rather than on
primary steel. This is not so much driven by environmental regulation
as in the case of tanning, but is a means of trying to avoid direct compe-
tition with firms that have lower costs of production often, as indicated
above, for non-environmental reasons. Nevertheless, a similar outcome
is likely since the most polluting processes in steel production are at the
early phases of production.
A second strategy is to outsource the most polluting stages of the pro-

duction process and to concentrate on producing the end product. The
tendency for the tanning industry to import wet blue is an example of
this, since it is this part that is the most pollution-intensive stage of the
production process. By concentrating on finishing and using imported
wet blue, some firms have been able to retain a position in the European
market despite increasing environmental costs. The case study illustrated
particularly clearly the effects of increasing demand for wet blue in the
case of Brazil where environmental regulation was much less strictly en-
forced than within the EU, and a similar pattern was evident in Poland
and the Czech Republic.
The tanning industry provides the clearest example of a competitive

strategy of outsourcing amongst the three case studies. However, as was
indicated above, some changes in the other two industries can be inter-
preted in a similar light. Coke ovens are one of the most polluting pro-
cesses in the steel industry and there has been a tendency in recent years
to make increasing use of imported coke within the EU while local pro-
duction has declined. Germany for instance has relied increasingly on
imports of Polish coke. Similarly, in the phosphate-fertilizer industry
European regulations of cadmium content has led to the outsourcing of
phosphoric acid and the closure of European plants.
Another important source of competitive advantage can derive from

close producer-user relations. This was found to be particularly impor-
tant in the fertilizer industry where some firms, faced with competition
from the former Soviet Union and Eastern Europe and from North Af-
rica, pursued a strategy of securing their own local market within Eu-
rope. A close relationship with local farmers is seen as a key part of this
regional strategy.
There are also some tanning firms, especially those producing for the

top end of the market, who have developed close relationships with cus-
tomers. Several of the Scandinavian tanners studied by Gjerdåker (1999)
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emphasized the importance of developing loyal and long-lasting relation-
ships with their clients as an important part of their competitive strategy.

Although traditionally the steel industry has not been thought of as
a customer-focused industry, there is some indication that this is begin-
ning to change and that some companies are trying to improve their prof-
itability by paying more attention to customer service. This seems to be
becoming more significant as a result of changes taking place in major
downstream industries such as automobiles, which have become highly
globalized and have increased their demand for uniformity of standards
worldwide and reliability of supply.6

All these strategies that have enabled firms to maintain their competi-
tiveness in highly polluting industries have usually involved focusing pro-
duction within the EU on higher-value-added products or processes. In
some cases, most clearly tanning, these processes or products tend to be
less environmentally damaging. In others, specialization in high-value-
added products, often incorporating a strong element of service, makes
them less subject to price competition and therefore it is easier to pass
on higher environmental costs.

Corporate strategy and environmental regulation

Corporate strategies are not only about adapting to external conditions,
but also involve trying to shape those external conditions. There is there-
fore a system of feedbacks between competitiveness and environmen-
tal regulation. Our sectoral case studies have not directly examined the
ways in which the three industries have influenced environmental regula-
tion, either within the EU or in the developing and transition economies,
since the main focus of the study has been the impacts of regulation on
competitiveness and location. However, there is anecdotal evidence to in-
dicate that firms do not simply take environmental regulations as a given.

In Europe, energy-intensive industries lobbied strongly against the in-
troduction of a carbon tax arguing that it would undermine the competi-
tiveness of European industry. Simulations of the impact of a carbon or
energy tax on different sectors show that the iron and steel industry is
likely to suffer major adverse impacts (Ekins and Speck 1998). It is not
surprising therefore that the industry has been vocal in its opposition to
any form of carbon tax. Because of its size and strategic importance, the
iron and steel industry is in a stronger position to influence environmen-
tal regulation than many other sectors. In Brazil the steel industry associ-
ation, IBS, is the only industry group that is represented on the Federal
Environment Committee. This obviously gives it considerable influence
over the evolution of government environmental policy.
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The tanning industry probably suffers from the fact that it is a rela-
tively small and fragmented industry, with a large number of small
firms. This feature is particularly significant in Germany where, in the
1980s, the industry was unable to convince the authorities of the prob-
lems that new environmental regulations would cause. In contrast, in
Italy where the industry is nationally more significant and also highly
concentrated in a few major towns, the industry was successful in per-
suading the government to revise the Merli Law on wastewater dis-
charges in 1979.
The fragmentary evidence from the iron and steel and leather indus-

tries suggests that where an industry is significant and therefore has
some political clout, as in the case of European iron and steel and Italian
leather tanning, it will use its influence to delay or water down envi-
ronmental regulations which are expected to increase costs. Where the
industry is insignificant, however, governments are able to introduce
tighter controls despite the negative impact on a particular sector. Since
the argument is often put in terms of the impact of regulation on the
competitive position of the industry, it seems plausible that there is a
‘‘chilling’’ effect on environmental standards, although none of the case
studies were characterized by reduced environmental standards as the
race-to-the-bottom hypothesis implies.

Environmental implications of industrial relocation

Independently of whether environmental factors are a prime cause for
the growth of pollution-intensive industries in developing and transition
economies, the fact that they are growing significantly in these areas has
major implications for the local environment. In this section we discuss
the environmental impact due to the growth of pollution-intensive indus-
tries in the host countries of our sectoral case studies.

Environmental regulation in host countries

Weak environmental regulation is a major problem in all the developing
and transition economies in which research was carried out. The case
studies of industries in countries outside the EU revealed that environ-
mental regulations were, as expected, considerably less stringent than
within Europe. Often this was not so obvious in terms of environmental
regulations because the key differences were at the level of inspection,
monitoring and enforcement.
In central and Eastern Europe there is a considerable gap between

compliance levels and those found in the EU. The steel industry contin-
ues to have some technologically obsolete plants with very high pollution
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levels, although these are now declining in significance due to loss of
markets and closures. The leather and tanning industries in the Czech
Republic and Poland continue to be high polluters, due mainly to weak
environmental regulatory regimes.

In Latin America, Brazil and Mexico also lag behind EU standards. In
Brazil there are differences between the various states with some in the
South having more effective regulation, but in much of the country regu-
lators are under-resourced and inspection and enforcement are limited.
In Mexico, although the water discharge standards for the tanning indus-
try were not significantly less stringent than those in the North, there was
little enforcement and a lack of disposal sites for solid waste.

In Turkey the environmental agency is new, politically weak and
poorly funded, and there are problems of enforcement with firms able to
use their political influence and/or financial resources to avoid regulatory
compliance. Moreover, in the fertilizer industry, although Turkey has
similar regulations and standards to those of the EU for wastewater dis-
charge and air emissions, there are no special regulations to cover solid
waste, primarily phosphogypsum, which as was seen above was one of
the major environmental problem areas for the industry. Environmental
protection was also found to be extremely weak in Morocco where there
are no specific Moroccan environmental norms and regulation is in an
embryonic state.

In China, although there are numerous environmental laws, regula-
tions and standards, again enforcement was found to be a key problem.
Most of the firms in the fertilizer industry showed an inadequate environ-
mental performance and this was attributable primarily to the weak en-
forcement of regulations. The case study of leather in India highlighted
the problems of environmental regulation in that country too. Water
and air pollution levels exceed the norms set by the pollution control
board, suggesting that inspection and enforcement are not effective.

Although environmental regulations outside the EU were generally
not as stringent as inside, the studies showed that this did not mean that
firms overseas always chose the lowest possible environmental standards
that they could get away with. Although lax regulation meant that many
firms did not meet local norms, there were also examples of firms that
exceeded such norms and had a proactive environmental policy. In the
steel industry for instance, POSCO in South Korea and USIMINAS in
Brazil were amongst the best environmental performers, ahead of some
producers in the EU.

Environmental impacts in host countries

The combination of rapid growth of production by pollution-intensive in-
dustries and inadequate enforcement of environmental standards has led
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to substantial environmental stress in the countries where research for
the case studies was carried out.
Poland and the Czech Republic are partial exceptions to this general-

ization. In common with other countries from the former Soviet bloc,
they underwent major restructuring in the 1990s and a significant decline
in industrial production. As a result there was a general reduction in in-
dustrial pollution in the two countries simply as a result of industrial con-
traction. As the case study of iron and steel shows, this meant the closure
of older plants and these tended to be the most polluting. Thus it is quite
possible that the drop in pollution was even greater than the decline in
industrial production would indicate.
On the other hand, some of the structural changes associated with

closer integration with the world economy, which were identified in the
case studies, tended to increase the level of pollution locally. Thus, the
location of wet blue production in Poland and the Czech Republic to
supply the German leather industry, and increased German imports of
Polish coke, both increased demand for products produced by particu-
larly polluting processes.
China and South Korea have both experienced exceptionally rapid in-

dustrial growth in recent years. In China, the evidence from the chemical
industry suggests that most firms do not have any facilities to treat waste-
water or atmospheric emissions and that this is a particularly acute prob-
lem amongst small and medium-sized enterprises. In South Korea, too,
there was a clear difference between the environmental performance of
the largest steel producer, POSCO, and the other smaller companies
studied. In both countries the sheer speed of industrial growth means
that controlling pollution presents a major challenge.
In India, despite lower growth than in the East Asian economies, in-

dustrial pollution is also on the increase. The leather industry case study
illustrates the impact that this has had on rivers and groundwater and
hence on crop yields in neighbouring areas. Where attempts have been
made to regulate the industry more strictly, firms have responded by
shifting the most polluting processes to more remote areas in the interior
of the country. This illustrates the difficulties of tackling industrial pollu-
tion in a country the size of India.
In the two Latin American countries in which case studies were carried

out, Brazil and Mexico, the economic context in recent years has been
dominated by trade liberalization and privatization. In Brazil the tanning
case study shows that this has had a negative environmental impact be-
cause of the increased emphasis on exports of wet blue. In the iron and
steel industry however, the privatization of the major state firms has
been accompanied by a significant increase in the level of environmental
investments, and there does not appear to have been a major structural
shift toward more polluting segments of the industry.
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Mexico has undergone an even more dramatic liberalization than Bra-
zil, particularly since 1994 as a result of the creation of NAFTA. There is
some evidence that in the tanning industry this has led to reductions in
pollution as a result of access to more advanced chemicals. Some Mexi-
can tanners have also used wet blue imported from Brazil, which while
reducing environmental stress in Mexico tends to intensify the prob-
lem in Brazil. Even though Mexico has not specialized increasingly in
pollution-intensive industries as a result of its increased integration with
the United States, rapid industrial growth, particularly in the north of the
country, has contributed to environmental stress (Barkin 1999).

The other two countries discussed in the case studies, Turkey and Mo-
rocco, also provide evidence of the considerable environmental impacts
of industrial development. Even though there have been some attempts
at regulation, these have not prevented serious environmental problems,
particularly in terms of the disposal of phosphogypsum.

Potential for environmental improvement

Despite the problems associated with the growth of pollution-intensive
industries in developing and transition economies, the case studies show
that some advances have been made, and there are examples of good
practice among the firms in our study.

In the steel industry, USIMINAS in Brazil and POSCO in South Korea
have been environmental leaders and have introduced environmental
measures and management systems comparable to, and sometimes even
better than, those in the North. There are clear opportunities in the steel
industry, where new investments are being made, to introduce equipment
that incorporates the latest environmental technologies. Because retrofit-
ting is relatively costly and may not reduce emissions to the same level as
can be achieved in modern plants, the industry can achieve lower emis-
sions per ton of steel in countries where production is growing rapidly.

A second important factor identified in the steel case study is the com-
mitment of top management to improving environmental performance.
This was clearly an important factor at USIMINAS, where the CEO em-
phasized the importance of environmental issues and the firm’s status as
the first in Brazil to obtain ISO 14001 certification. In Korea, POSCO
created an environment and technology team in 1983. POSCO was also
recently certified for ISO 14001.

Although tanning is a very different industry from steel, as it is made
up of much smaller firms and has not generally adopted environmental
management systems, there are also some positive experiences that
illustrate what can be achieved in the right circumstances. In India,
the United Nations Industrial Development Organization (UNIDO) has
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been involved in upgrading technology to reduce pollution in the leather
industry. In Mexico too, the UNIDO Clean Technology Centre has pro-
vided technical support to clean up the activities of some of the León tan-
neries. This shows that where there is a will, and structural support is
available, there are technological solutions that can lead to substantial re-
ductions in pollution levels.

Political debates and implications for policy

The discussion of the relationship between environmental regulation,
competitiveness and the location of industry has given rise to heated de-
bate. This paper has tried to throw some light on these debates through
detailed case studies of specific pollution-intensive industries. In this sec-
tion we summarize our conclusions in relation to these debates and draw
out the policy implications of the study.
First of all, our case studies lead us to reject the view that environ-

mental regulation does not affect competitiveness and the global distribu-
tion of industrial activity. They suggest that in certain industries, for cer-
tain parts of the value chain, environmental regulation, in combination
with other factors, has led to significant shifts. However, outcomes were
found to be highly context-specific, both in terms of the industries and
countries involved. It is not surprising therefore that general studies of
environment-competitiveness linkages have often failed to find any spe-
cific impacts.
The case studies also show that in these industries environmental regu-

lation does not lead to win-win situations a la Porter. There are cases
where new technologies have led to both economic benefits and environ-
mental improvements, as for example in the case of continuous casting of
steel, but as this example illustrates, these are technologies that are
adopted for economic reasons which have incidental environmental ben-
efits. None of the case studies found significant examples of either prod-
uct or process innovation offsets arising from changes motivated by envi-
ronmental regulation, which are at the heart of the Porter hypothesis.
There is only limited evidence, in the case of the steel industry specifi-
cally, of European firms that have been able to achieve first-mover ad-
vantage in the field of environmental technology.
A third debate concerns the impact of globalization or increased inter-

national competition on the ability of governments to protect the envi-
ronment. The arguments over whether or not there is a ‘‘race-to-the-
bottom’’ or a ‘‘regulatory chill’’ that affects environmental policy was
not a focus of the research on which this paper was based. Nevertheless,
the case studies did provide some evidence to suggest that where pro-
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ducers are strong and well organized they can successfully deploy com-
petitiveness arguments against government efforts to raise environmental
standards.

The findings of the study have a number of implications for the policy
debates on trade and environment. As far as trade policy is concerned,
one of the findings of the research is that it is often firms and industries
that are under considerable competitive pressures for other reasons that
find it most difficult to deal with stricter environmental regulation. There
is therefore a real danger that, as many developing countries fear, mea-
sures against alleged ‘‘eco-dumping’’ would become an additional weap-
on in the North’s protectionist arsenal. In other words, firms who find
themselves under competitive pressure will take advantage of environ-
mental clauses to remove potential competitors from the market. The
use of protectionist measures on environmental grounds should therefore
be resisted.

An alternative approach is to use eco-labelling as a means of identify-
ing products produced under environmentally sound conditions. This is
of limited applicability to the industries that were studied because they
produce intermediate goods that are rather removed from the final pro-
ducer. Even in the case of leather, which at least can be associated with
clearly identifiable final products and would therefore appear to have the
greatest potential for eco-labelling, it has not been developed on a signif-
icant scale. A certain scepticism concerning the scope for eco-labelling is
therefore indicated.

Turning to environmental policies, arguments about competitiveness
should not be used to block improvements in environmental standards
in the North. The case studies show that successful firms are able to de-
velop corporate strategies in response to such increased standards. The
most desirable outcome is for firms to successfully upgrade, moving out
of the most price-competitive markets into those where high environmen-
tal standards can be combined with competitiveness. There is evidence of
this happening even within an industry such as leather tanning where the
basic conditions of technological maturity and relatively labour-intensive
production, are not particularly conducive to such a strategy.

The three case studies showed that there is a clear problem in the
South resulting from the growth of pollution-intensive industries (partly
in response to growth in demand and partly to changes in international
competitiveness). This is taking place in a context where environmental
regulation is weak and lags behind the growth of the problem. As a re-
sult, the environmental damage caused by these industries is likely to be
even greater than in the North.

However, these industries provide important sources of employment,
income and foreign exchange so that preventing their growth is not a de-
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sirable (or feasible) solution. Efforts therefore need to be concentrated
on strengthening environmental regulation and encouraging the transfer
of cleaner technologies at reasonable prices and without preconditions.
Measures could include financial support and technical assistance to reg-
ulators in the South and credit for cleaner technologies.
It should also be pointed out that the purpose of environmental regu-

lation is to prevent excessive environmental damage. Thus, reduced com-
petitiveness in a particular industry leading to a reduction in the output
of that industry may not be necessarily bad, all things considered. It
may indeed be desirable to reduce the output of an industry that causes
considerable environmental damage, since this can raise overall welfare
when negative external effects are taken into account. This conclusion
is reinforced when it is recognized that reduction in output in one indus-
try as a result of environmental regulation leading to reduced competi-
tiveness may, in a general equilibrium context, lead to increased output
from other industries that cause less environmental damage. There is
a danger in focusing on the effects of regulation on competitiveness in
particular industries: the negative impacts at the macro level may be
exaggerated.

Appendix 2.I: Definitions and terminology

Two phrases recur during the course of this paper, and it is necessary to
clarify at the outset the sense in which they are used and the way in
which they have been defined. These are pollution-intensive industry and
environmental regulation.
The industries on which we wish to focus in this paper are among

those: (a) that cause considerable environmental degradation, and (b)
where the costs of reducing pollution are substantial.
It is in these industries that the impact of environmental regulation on

investment decisions and competitiveness are likely to be marked. It is
also these industries that are most likely to have substantial environ-
mental impacts on the areas where they are sited and therefore where lo-
cation decisions are likely to be most critical. Generally throughout the
paper, we use the term pollution-intensive industries to describe these in-
dustries. Some authors prefer to use the terms ‘‘environmentally sensi-
tive’’ rather than ‘‘pollution-intensive’’. The term pollution-intensive is
preferred here since it captures certain parallels between the debates
on environmental regulation and trade, and other areas of trade theory
where industries are classified as capital-intensive, labour-intensive or
skill-intensive.
There are two ways in which industries have been identified as
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pollution-intensive in the literature on trade, competitiveness and envi-
ronment. The most common approach identifies those industries that
have a relatively high share of pollution abatement costs in total costs,
or relative to their turnover, as pollution-intensive.7 The second ap-
proach considers the volume of pollution generated by an industry per
dollar of output or value added, or per person employed.8 Usually this
approach relies on one indicator of pollution, often some weighted value
of toxic releases.

Conceptually these two approaches could lead to the identification of
very different industries as pollution-intensive. If, in the absence of any
expenditure on pollution abatement, all industries generated the same
volume of pollution relative to, say, output, and the marginal cost of pol-
lution abatement were the same in each industry, then those industries
with the highest pollution abatement costs would tend to rank lowest in
terms of pollution per unit of output, while those with no expenditure
on pollution abatement would rank highest in terms of emissions. Thus
the choice of indicator would lead to totally different industries being
identified as pollution-intensive.

In practice this is not generally the case since the assumptions that
were made are patently not valid. Industries differ substantially in the
amount of pollution that they generate per dollar of output, and the costs
of abatement also differ considerably between industries. Thus, whether
pollution-abatement costs or emission-based indicators are used to iden-
tify industries as pollution-intensive, the same group of sectors tend to
emerge as the most problematic. As a result, there is a strong correlation
between the ranking of industries by share of pollution abatement costs
and by measures of toxic pollution intensity (Lucas, Wheeler and Hettige
1992: table A.1; Eskeland and Harrison 1997: table 2).9

A second potential problem in identifying pollution-intensive indus-
tries would arise if the ranking of industries differed significantly from
country to country. Again however this is a theoretical problem rather
than a practical one. Although the levels of both pollution per dollar of
output and the share of pollution abatement costs may differ absolutely
between countries as a result of differences in environmental regulation,
the ranking of industries is broadly similar (Lucas, Wheeler and Hettige
1992: Appendix).

Because of the far greater availability of data for the United States, vir-
tually all empirical studies use United States data as the basis for classify-
ing industries, and this study is no exception. Industries were considered
as pollution-intensive if they were ranked in the leading ten industries in
terms of emissions per dollar of output for at least two key pollutants in
the United States of America in 1987, or if they were amongst the ten top
industries in terms of pollution abatement costs as a share of output.
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These are therefore the industries that are environmentally most prob-
lematic in northern countries and where tighter environmental regulation
is most likely to affect investment, location of production and technology.
Although it is generally the case that pollution-intensive industries

tend to have both high emissions levels and high abatement costs, there
may be firms within such industries that have relatively low levels of
emissions and effluents as a result of significant investments in pollution
control. Within industries, at the firm level, the assumptions set out
above are more likely to apply than between industries. In other words,
where basic processes are similar, firms with high abatement costs will
tend to have lower emissions per unit of output and firms that do not in-
vest in pollution abatement will tend to have high emissions, so that the
inverse relation between the two criteria will hold. In practice again the
picture is complicated by the fact that firms in the same industry will op-
erate with different vintages of capital and that older equipment may in-
volve both higher pollution abatement costs and higher emissions than
more modern plants. There may also be differences where firms special-
ize in different stages of the production processes, so that a situation sim-
ilar to that described across industries can arise.
The second term running through the paper is environmental regula-

tion. The point that needs to be emphasized is that this is used in a broad
sense. In other words, it refers not only to the legal and institutional
framework of environmental norms and standards, but also to other
environmental policies that can influence a firm’s costs or the incentives
that it faces. Clearly, regulation is not applied just to ‘‘command and
control’’ type environmental measures but also includes market-based
instruments.
The second way in which environmental regulation is broadly defined

is that it includes not only the legal framework but also its implementa-
tion on the ground. This is particularly important to bear in mind when
considering the impact in transition and newly industrializing economies.
Environmental standards often appear to be quite high on paper, but
the key issue is the degree of enforcement. This study found numerous
examples of regulators who, because of lack of resources and/or lack of
political will and the priority given to other considerations such as em-
ployment and exports, were unable to effectively enforce the standards
that were legally required. Thus, when referring to ‘‘environmental regu-
lation’’ this should be taken to encompass enforcement aspects.

Notes

1. For a presentation of the terminology (and what that implies) used in this study, see
Appendix 2.I.
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2. See, for example, the literature review in Grether and de Melo (2003).
3. In fact of course the electronic industry itself has important environmental impacts, for

example, through the use of toxic materials and solvents.
4. These are identified as the ten most pollution-intensive industries overall among ISIC

three-digit industries by Mani and Wheeler (1999: table 8.1).
5. As Johnstone (1997: 22) points out, this is not an uncommon pattern: ‘‘Since technologi-

cal change is only partially driven by efforts to save on environmental factors, many of
the resulting environmental benefits (and costs) arise almost incidentally out of efforts
to save on the use of other factors of production.’’

6. An example is the collaboration between British Steel (now Corus) and Toyota.
7. Studies that classify industries on the basis of pollution abatement costs include Low and

Yeats (1992), Sorsa (1994), Xu (1999).
8. Studies that classify industries on the basis of emissions data include Mani and Wheeler

(1999) and Ferrantino and Linkins (1999).
9. Eskeland and Harrison however find that there is no correlation between pollution

abatement and either suspended particulate or BOD emission intensity.
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3

Environmental management
and innovative capabilities in
Argentine industry

Daniel Chudnovsky and Andrés López

In recent years the focus in environmental management has shifted
from the treatment of pollution at the end of the process, the so-called
end-of-pipe (EOF)1 reactive approach, to a more holistic and proactive
approach that addresses environmental impact over a wider range of pro-
duction activities including product design, procurement practices, and
production processes (OECD 2001).

This new approach towards environmental management is usually re-
ferred to as ‘‘pollution prevention’’ or ‘‘eco-efficiency’’. The key idea is
to shift from a ‘‘corrective’’ approach to a ‘‘preventive’’ one, as well as
to try to transform what has traditionally been seen as a source of addi-
tional private costs – to meet environmental regulations – into a source of
potential benefits, through environmentally friendly products or produc-
tion processes.

This pollution prevention approach may not only contribute to a more
efficient treatment of the environmental problems but, according to
some of its promoters, may also reconcile environmental compliance
with competitiveness – the so-called ‘‘win-win’’ scenario. This hypothesis,
which was first advanced by Michael Porter (Porter 1991; Porter and van
der Linde 1995a, b), is at odds with the traditional viewpoint on the rela-
tionship between environmental protection and competitiveness, where
environmental regulations can only be met with additional investments
and higher operative costs, hence reducing firms’ profitability. While in
the end-of-pipe approach a trade-off between environmental protection
and private competitiveness – and hence national competitiveness – may
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arise, it is argued that pollution prevention or eco-efficient technologies
may not only be less costly than EOP treatment but also, in some cases,
may generate additional monetary benefits. Furthermore, firms may find
ways to transform environmental actions into opportunities by respond-
ing to the changing demands placed on them by society in an integrated
and anticipatory manner (OECD 2001).
Win-win solutions could be available for a wide range of industries and

firms through what Porter defines as ‘‘innovation offsets’’; i.e., process or
product innovations which at the same time generate less pollution and
improve firms’ competitiveness, through higher productivity, decreasing
costs or improved quality (Porter and van der Linde 1995a, b). This
hypothesis has been rejected on the basis of conceptual and empirical
objections by mainstream economists (see Palmer, Oates and Portney
1995). Nonetheless, some aspects of Porter’s hypothesis may find support
in another conceptual framework, namely, the evolutionary approach to-
ward technical change. (see López 1996; and Bartzokas and Yarime
1997). Furthermore, several studies find that pollution prevention tech-
nologies are applied in many industries, but highlight the institutional
and organizational obstacles to their diffusion, as well as the bias of regu-
lations in favor of end-of-pipe solutions, confirming arguments already
advanced by Porter in his papers (Hanrahan 1995).2
These new approaches may be of special interest in developing coun-

tries where social problems such as poverty or unemployment can only
be mitigated in a context of sustained and sustainable economic growth.
However, a number of obstacles, such as weak innovatory capabilities in
manufacturing enterprises, lack of enforcement of environmental regula-
tions, low priority of environmental issues in public policies and public
opinion and/or the insufficient development of environmental NGOs,
may constrain the adoption of a pollution prevention approach in those
countries.
This paper is focused on the first of these obstacles, namely the need of

manufacturing enterprises to build technological and organizational ca-
pabilities aimed at adopting pollution prevention or eco-efficient mea-
sures. These capabilities – which are usually acquired through lengthy
‘‘in house’’ learning processes – are required to select, adopt and master
imported technologies. Moreover, since environmental problems are
highly location- or firm-specific, there may also be a need to develop an
endogenous innovatory capability to find solutions for pollution problems
for which there are no ‘‘on the shelf’’ technologies available. As it is
widely known, firms from developing countries seldom have such capa-
bilities, thus constraining the diffusion of pollution-prevention measures.
In this connection, the Argentine experience since the early 1990s is an

interesting case to be analysed. The levels of pollution are more serious
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than one would expect in a country of middle levels of income per capita
and where industrial discharges are a major source of pollution (World
Bank 1995). Despite this background, little progress has been made in
the environmental front where regulations are mostly of the command-
and-control type and their enforcement is limited. According to the
World Bank (1995), Argentina’s weakness in environmental manage-
ment is due to an absence of clear institutional responsibility and a fail-
ure to enforce existing regulations. This situation still holds true over a
decade later.

Nevertheless, the environmental situation has slowly and unevenly
started to improve. In spite of their weaknesses, regulations are a source
of pressures for firms to improve their environmental performance.
Other factors that have induced better environmental behaviour include
trade liberalization, the arrival of significant inflows of foreign direct in-
vestment (FDI) and the greater environmental concerns in some seg-
ments of the population. The fact that some industrial plants have been
temporarily closed by judicial initiatives due to pollution problems has
also forced many firms to consider environmental management more
seriously.

Trade liberalization provided a powerful force to induce firms to re-
duce costs and upgrade their technologies in order to become more com-
petitive. These processes have had favourable environmental conse-
quences in some cases, through reductions in the consumption of energy
and raw materials, waste minimization, etc. However, the available evi-
dence shows that trade liberalization without complementary policies
has often had negative effects. The difficulties faced by many firms (espe-
cially SMEs) for upgrading their technological capabilities and the poor
development of endogenous innovatory capabilities were some of the
key factors that contributed to the uneven impact of trade liberalization.

The main purpose of this paper is to gain a deeper knowledge of Ar-
gentine manufacturing firms’ environmental management (EM) and es-
pecially to learn about the interactions between EM and innovation and
technological modernization activities. With this objective, two surveys
were carried out between the end of 1996 and mid-1997. One of them
comprised 32 large firms and the other involved 120 SMEs. Their findings
are the main source of information for this paper. Whenever possible
those findings are compared with other information on the Argentine
firms’ industry environmental performance. Data from a survey made in
2002, which aimed at gathering information on technological issues but
also contained some questions on environmental management in the
manufacturing industry, were also employed.

Our previous expectation was that a more active environmental man-
agement and a wider adoption of pollution prevention or eco-efficient
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measures would take place in larger, export oriented, foreign owned
and/or more innovative firms. Most of the findings are in line with these
expectations.
In the following section we discuss the main aspects of the pollution

prevention approach for firms in developing countries. In section 2 we
summarize some key facts regarding environmental management and
technological and innovative activities in the manufacturing industry dur-
ing the trade liberalization process in Argentina. Section 3 addresses
more systematically the relationship between both variables on the basis
of the above-mentioned information sources. The concluding remarks,
further-research suggestions and policy implications are dealt with in the
final section.

Pollution prevention, innovation and learning

According to the proponents of the pollution prevention or eco-efficient
approach, the traditional viewpoint on the relationship between environ-
mental protection and private costs is based on a static way of thinking
in which technology and customer needs are all considered as given,
information is perfect, and profitable opportunities for innovation have
already been discovered. Instead, the actual process of dynamic com-
petition is characterized by changing technological opportunities coupled
with highly incomplete information and organizational inertia. In this
context, properly designed environmental standards can trigger innova-
tion that may partially or fully offset the compliance costs. Such ‘‘innova-
tion offsets’’, broadly divided into product and process offsets,3 as Porter
and van der Linde (1995a) call them, would not only reduce pollution but
also improve the productivity with which resources are used.
Pollution prevention measures normally include (a) good housekeep-

ing, maintenance and operating practices, (b) product reformulation and
raw material substitution, (c) relatively simple process modifications em-
ploying currently available technologies, (d) more fundamental process
modifications, mainly requiring technological innovation, and (e) external
recycling. The design of ‘‘green products’’ is also part of the eco-efficient
approach toward EM.
Pollution prevention actions can be distinguished according to their

level of complexity. Some are ‘‘simple’’, with small investment require-
ments, low technological complexity and short implementation periods,
such as water, energy and input savings. At the other end of the scale
are more ‘‘complex’’ measures, generally involving greater investments,
longer lead times and higher technological complexity and uncertainty;
for example, the development of new, cleaner technologies. At the same
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time, it has been stated that there are many similarities between pollution
prevention and total quality management, a key instrument for compet-
ing in open economies (OTA 1994).

Although the most exaggerated claims made by Porter on this ap-
proach are hardly supported by the available evidence, the advantages
of pollution prevention or eco-efficient measures vis-à-vis conventional
solutions, such as end-of-pipe,4,5 are unanimously underlined. Compared
with the conventional treatment, pollution prevention and recycling in-
vestments are often more cost-effective. Pollution prevention may pro-
duce significant environmental benefits as well, including reduced cross-
media transfers and reduced environmental impacts from avoided energy
and materials usage. The development of an innovatory capability to find
new solutions for pollution problems in the productive sector becomes a
key element to make this fundamental change possible.

As the pollution prevention approach has been encouraged in several
developed countries, manufacturing firms in these countries have been
adopting it, motivated by the idea of finding cheaper solutions to under-
take their environmental management activities. However, these mea-
sures (especially the more ‘‘complex’’ ones) have not yet been widely
diffused. According to Hanrahan (1995), both ‘‘exogenous’’ and ‘‘endog-
enous’’ factors may account for such a situation. An appropriate regu-
latory framework appears as a prerequisite for a wider diffusion of pol-
lution prevention programmes. The internal dynamics, the managerial,
productive and innovative capabilities and the sector of operation are
some of the factors accounting for the uneven adoption of pollution pre-
vention approaches within firms. Moreover, the lack of information on
specific pollution levels in each firm may mean that PP opportunities are
sometimes foregone. In addition, the lack of appropriate information on
the availability and costs of pollution prevention options constrain the
diffusion of such measures, especially among SMEs (OTA 1994). Supply
restraints, such as the absence of the necessary technologies or the pres-
ence of an environmental lock-in situation where the equipment pro-
ducers are biased to end-of-pipe solutions, could also explain the so-far
limited diffusion of the pollution prevention approach.

In the case of developing countries these restrictions are still stronger.
Most firms, and especially SMEs, seldom have the required endogenous
capabilities to absorb and adapt modern environmental technologies and
the capacity to develop innovative solutions within a context of weak
public technological infrastructure and research capabilities. Those few
developing countries that have made significant inroads into the manu-
facturing sector usually face severe industrial pollution problems. This
situation is often the result of a lack of appropriate environmental regu-
lations and/or the weakness in the enforcement of the existing norms. In
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turn, the deficiencies in the environmental regulatory scheme reflect both
the fact that local communities are not much concerned about the protec-
tion of the environment as well as the fear that if more stringent regula-
tions were passed, the industrialization process would be hindered.
However, this situation might have slowly begun to change. Trade lib-

eralization, pressures from clients in developed countries, the increasing
attention that transnational corporations (TNCs) are paying to environ-
mental issues – both in the parent companies as well as in their affiliates
– and the growing concern of their citizens with the protection of the en-
vironment would be drivers to stimulate the improvement of environ-
mental performance within the industrial sector through the adoption of
new practices and/or technologies.6 This changing reality has been cap-
tured in recent econometric research.
Dasgupta, Hettige and Wheeler (2000) studied the determinants of en-

vironmental management in a large sample of Mexican factories. They
found that environmental performance is mainly determined by regula-
tory pressures, implementation of ISO 14000 standards and provision of
general environmental education for plant employees.
In Venezuela, Otero, Peterson Zwane and Panayotou (2002), using

survey data from a sample of manufacturing firms, investigated the deter-
minants of private environmental investments. They found that despite
relatively weak formal regulation, past penalties and environmental per-
mit status were strongly correlated with environmental investments and
that firms that exported to rich countries choose to invest more in that
area.
Ferraz et al. (2002), using survey data from a sample of manufacturing

firms in Brazil, found that a past history of inspections and formal sanc-
tions, market pressures – having received publicity about their environ-
mental performance – and being publicly traded in international equity
markets were strongly correlated with present environmental invest-
ments. Since it holds the promise of improving the environmental perfor-
mance with little extra costs (or even generating additional benefits),
firms in developing countries should be very interested in the pollution
prevention or eco-efficient approach.
Nonetheless, the fact that many firms in developing countries have

limited technological and organizational capabilities may cause them to
choose end-of-pipe solutions once the environmental challenges appear.
This tendency may be reinforced by the above-mentioned biases in the
regulations, technology providers, etc., in favour of EOP technologies.
At the same time, more complex pollution prevention measures are
harder to implement: they demand planning, design, production and mar-
keting activities redefinition, as well as the corporate management reor-
ganization, in order to include environmental concerns in each one of
these stages.
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Hence, in view of organizational inertia, uncertainty about innovations
and limited learning skills, it may be expected that the process of adop-
tion of pollution prevention measures, with the exception of the ‘‘sim-
pler’’ options, would be slow and gradual.

At the same time, not all firms react in the same manner and with sim-
ilar technological responses to the new stimuli. The different paths avail-
able to them depend on the nature of their accumulated capabilities and
learning skills. In other words, their trajectory is strongly predetermined
by the nature of their specific assets (it is path-dependent). Their size,
ownership structure and form of corporate governance may also influ-
ence firms’ decisions, strategies and performance.

Firms with the resources and capacity to innovate and to harness tech-
nological and organizational change may be those more apt to face the
new challenges. Those firms that have strong technological capabilities
would be in a better position to absorb and adapt pollution prevention
technologies available at international level through different channels.
Furthermore, they would also have more chances to find ad hoc techno-
logical solutions to those pollution problems that are location specific.

In fact, those conditions are to a great extent the same as may allow
developing countries’ firms to successfully face the competitive pressures
arising from trade liberalization in their domestic economies. Hence, it
can be expected that the firms that manage to survive and expand in this
context are in a better position for ‘‘greening’’ their operations. Fur-
thermore, as previously stated, the pro-efficiency and quality-enhancing
measures taken by firms as part of their restructuring process often have
positive environmental consequences in terms of reductions in the con-
sumption of energy and raw materials, waste minimization, recycling,
etc.

In this connection, Barton (2002) studied environmental management
in the iron and steel sector in Spain, the United Kingdom, Belgium,
South Korea, Brazil, the Czech Republic and Poland. He found that man-
agement standards in developed countries, such as those with ISO 14000
series certification who have adopted proactive environmental manage-
ment, do not always ensure that the use of clean technologies are
maximized and the estimated performances of applied technologies are
realized. However, for developing nations, demands of environmental
compliance and innovation seem to go together.

In Brazil, for example, where the post-privatization transition period
has brought environmental protection in line with firms in the European
Union, production technology advances have had positive environmental
benefits in the sense that there has been a shift toward pollution preven-
tion and not solely end-of-pipe systems. Also in Brazil, Borger and Kru-
glianskas (2004) undertook case studies of three Brazilian enterprises
(Daimler-Chrysler, De Nadai and Natura) to analyse the impact of the
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adoption of an integrated ‘‘corporate social responsibility’’ strategy on
the technological innovation capacity and the environmental manage-
ment of the firms. They found evidence of a strong relationship between
such strategy and effective environmental and innovative performance.
In a previous study, Lustosa (2001) had examined the environmental

and innovative behaviour of Brazilian industrial firms using data from a
large-scale innovation survey from the State of Sao Paulo. Her main find-
ing had been that companies with the highest efforts in R&D were the
most likely to adopt environmental innovations. Moreover, she found
that the consideration of environmental conservation as incentive for
innovation was more clearly present in companies that attributed more
importance to their internal R&D departments.
Last but not least, transnational corporations may play a key role in

these processes, mostly in those developing countries that received signif-
icant foreign direct investment inflows in the 1990s. Transnational corpo-
ration affiliates are supposedly in a better position than local firms to face
trade liberalization and environmental pressures since they have access
to the modern technologies and management methods employed by their
parent companies. Furthermore, these firms may exert a positive influ-
ence on the environmental performance of their suppliers, competitors
and/or customers, both by ‘‘demonstration effect’’ as well as by the intro-
duction of their own environmental standards. Local staff training on
pollution control technologies, waste minimization and dangerous waste
handling may also be provided by the parent companies (O’Connor and
Turnham 1992; UNCTAD 1993).
It is also relevant to evaluate to what extent environmental technolo-

gies possessed by transnational corporations are diffused to domestic
firms through spillovers. Environmental spillovers can occur when do-
mestic firms are stimulated or obligated to undertake environmental
management (or upgrade quality) by the parent TNC. Spillovers may
also result from human capital mobility. Recent research has suggested
that for spillovers to arise, local firms need to have significant absorption
capabilities that allow them to reap benefits from the knowledge pos-
sessed by TNC affiliates.
While as far as we know no studies have been carried out on environ-

mental spillovers from foreign direct investment, the environmental prac-
tices of foreign firms are analysed in recent research. Kaiser and Schulze
(2003) studied the decision of Indonesian manufacturing firms to engage
in reported environmental abatement expenditure using a data set of
22,000 large- and medium-scale manufacturing establishments. They
found that exporting and foreign-owned firms were significantly more
likely to incur environmental expenses. Ruud (2001) studied local envi-
ronmental practices of transnational corporations on the basis of an eval-
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uation of 53 affiliated Indian units and detailed case studies, finding
evidence that environmental management in TNC-affiliated units in the
country was strongly influenced by their parent policies and standards.
However, he also found that local contextual factors counted with regard
to the content and nature of the environmental measures adopted by
TNC affiliates, and that local performance did not necessarily replicate
headquarters’ practices.

Borregaard and Dufey (2002) analysed the environmental manage-
ment practices undertaken in the mining sector in Chile and Peru, based
on interviews with selected experts in the respective countries and a
survey applied to 50 mining companies in Chile. They found that envi-
ronmental regulations regarding foreign investment (or, more often,
production in general), consumer requirements, local image, interna-
tional financial markets, competitor pressures, national and international
NGOs pressures and environmental guidelines by the headquarters or
parent companies located abroad influenced firms’ environmental prac-
tices. They concluded that pressures for improved environmental perfor-
mance derived primarily from international factors.

Economic restructuring, innovation activities and
environmental concerns in Argentina. The evidence
for the 1990s

Argentina went through a process of deep change in its economic policy
regime in a very short time period, from the late 1980s to the early 1990s.
During that period, a far-reaching programme of structural reforms was
implemented in a quick way, including the liberalization of the trade and
capital accounts, the privatization of almost all state-owned firms and
the deregulation of different activities such as banking, oil, etc. The for-
eign direct investment regime, already one of the most deregulated
among developing countries, was further liberalized. Price stabilization
was achieved through a currency board scheme that pegged the Argen-
tine peso to the US dollar from 1991.

As a result of this shift in the economic policy regime, import competi-
tion became a significant threat for firms operating in the domestic mar-
ket. Argentine manufacturing firms, which had been highly protected
during the import substitution industrialization stage, were expected to
rapidly restructure in order to gain efficiency and thus be able to compete
with imported goods in the domestic market. As public authorities put
their thrust in market forces, almost no specific policies were adopted to
assist the enterprises in their restructuring processes.

With the reforms, Argentina’s economic performance substantially im-
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proved as inflation drastically fell and growth resumed after the so-called
‘‘lost decade’’ which had been marked by stagnation and hyperinflation.
Even if in 1995 the ‘‘tequila’’ crisis had a severe impact on the GDP,
growth restarted in 1996. However, from the end of 1998 until 2001 the
economy was steadily contracting. At the end of 2001 a major financial
and institutional crisis exploded, followed by the default of huge foreign
debt and, at the beginning of 2002, the elimination of the currency board
and the peso devaluation.
To cope with trade liberalization and increased competition within the

domestic market, most manufacturing enterprises operating in Argentina
implemented rationalization strategies to reduce costs and increase effi-
ciency (Chudnovsky and Chidiak 1996). At the same time, as part of a
technological modernization strategy, capital goods imports by manufac-
turing enterprises increased from an annual average of US$470 million in
1990/91 to US$2.6 billion in 1997/98. The introduction of new organ-
izational technologies, such as ‘‘just in time’’ (JIT), total quality systems,
work teams, etc., was also a significant feature of the restructuring pro-
cess of the manufacturing industry, especially among large firms (Kosac-
off 1998).
As a result of these trends, labour productivity in industry increased

52% between 1990 and 1997 (Alvaredo et al. 1998). By the end of 2000,
hourly labour productivity was 50% above that of 1993. The industrial
productivity gap between Argentina and the world leader, the United
States, diminished as domestic productivity rose from 55% of the US
levels in 1990 to 67% in 1996 (Katz 1999).
Regarding quality improvements, the number of ISO 9000 certificates

granted to local firms or institutions passed from only two in 1993 to
2,275 by the end of 2001. In their search for higher productivity, many lo-
cal firms reduced their personnel, as well as the local content of their
products, weakening the domestic value chain and reducing the demand
for labour. According to data from INDEC (Instituto Nacional de Esta-
dı́stica y Censos – National Institute for Statistics and Censuses), employ-
ment in the manufacturing industry decreased by 6% between 1990 and
1997; in 2000, the number of industrial workers was 25% below that of
1993.
On the other hand, not all firms could cope with trade liberalization

and structural reforms. Many domestic enterprises, especially SMEs,
lacked the technical and productive capabilities as well as the human re-
sources needed to survive in the new economic environment. In turn, the
absence of domestic policies aimed at facilitating the transition to the
new economic policy regime and at alleviating or removing market fail-
ures (notably in the financial market) were obviously harmful for SMEs.
Even some large domestic firms faced similar problems. In this scenario,
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while many firms went bust, others were bought by domestic enterprises
and, most often, by transnational corporations.

The expansion of TNC affiliates has been one of the key features of
Argentina’s economic restructuring process. Foreign direct investment
inflows amounted to US$80 billion between 1990 and 2000; two-thirds
had materialized through mergers and acquisitions (including privatiza-
tions). As a consequence, the sales share for transnational corporations
within the top one thousand Argentine firms increased from 35% in
1990 to nearly 70% in 2000 (see Chudnovsky and López 2002).

What were the sources of technological upgrading and productivity im-
provements within the Argentinean industry during this period? As said
previously, capital goods imports were a main channel of technology ac-
quisition during the 1990s. Foreign direct investment also played a key
role, insofar as transnational corporations updated the process, product
and organizational technologies employed in their already established af-
filiates as well as in the formerly domestic firms acquired in the 1990s.
Other sources of technology imports were licences, patents, know-how
agreements, etc., whose amounts also increased in the 1990s.

It is quite clear that foreign technology sources overcame domestic
sources in the 1990s. Even if this had been the norm within the Argenti-
nean economy for many decades, the dominance of technology imports
was strengthened in the 1990s. Foreign firms not only displaced local
companies in the domestic market, but the expenditure of industrial firms
in foreign technology acquisitions saw greater growth than domestic in-
novation expenses. While in-house innovation expenditure by Argentine
industrial firms grew by 47% between 1992 and 1996, expenditure on for-
eign intangible technologies (licences, patents, etc.) increased by 74%
and capital goods imports by 100% during the same period (INDEC
1998). The bulk of intangible technology transfers also came from abroad
during the last decade.

It should be noted that, according to data from the National Secretariat
of Science and Technology, local resources for science and technology
(S&T) also increased from 0.33 in 1990 to 0.52 in 1999 as a percentage
of the GDP, and then fell to 0.44% in 2001 as a consequence of the mac-
roeconomic crisis. In any case, the gap with other countries is still very
significant. Spending by the business sector as a share of total expendi-
ture in R&D is also very low in international terms, at 22%.

During the 1990s, SMEs had a higher level of innovation expenditure
relative to their sales as compared with large firms. However, large firms
are more prone to generating innovation expenditures than small firms:
while 99 and 95% of large and medium firms, respectively, incurred inno-
vation expenditures in 1998–2001, only 77% of small firms did likewise.
(INDEC 2003).
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It is certainly encouraging to find a significant group of firms that has
undertaken innovation activities in response to the new rules of the
game. However, besides the actual low size of the innovation outlays, it
is important to bear in mind that the private sector efforts are generally
of a short-term nature, do not include systematic scientific and technolog-
ical research activities, are not linked up with public science and technol-
ogy institutions and are not carried out in networks with active participa-
tion of suppliers, users and clients.
What has happened to the environmental performance of the Argen-

tine industry since the early 1990s? Very little information is available
on this issue, since no official statistics exist on either the resources de-
voted to environmental protection or on the pollution levels generated
by the manufacturing industry.7 Hence, it is not possible to examine the
environmental performance of the Argentine industrial firms as such.
While the local environmental regulations8 are quite stringent, there is

a wide consensus that their enforcement is weak due to the lack of polit-
ical will and/or resources to adequately monitor the environmental per-
formance of local producers. This fact is aggravated because of the exis-
tence of multiple regulations for the same resource, since even if the
provinces retain all the power over their natural resources and their envi-
ronment, national environmental regulations have also been put in place.
Nonetheless, as previously mentioned, and due both to the need to

meet local regulations – even if their enforcement is weak – as well as to
pressures from consumers and local communities, foreign customers’ re-
quirements, etc., the environmental performance, or at least the environ-
mental management methods in place in the Argentine industry, have
improved during the last years, especially in large firms. The fact that
the number of ISO 14000 certifications rose, from 9 in 1997 to 343 by
April 2004, is a reflection of this trend.
In turn, the available data on private environmental expenditure sug-

gests that the resources devoted to environmental protection by indus-
trial firms increased in the last decade. Table 3.1 shows the environmental
expenditure incurred by the Argentine Business Council for Sustainable
Development (ABCSD) members between 1994 and 2001.9 Such expen-
diture slowly grew from US$40 million to US$55 million from 1994 to
1998 and abruptly increased in 1999 and 2000, reaching US$120 million.
In 2001 there was a fall in private environmental expenditure, which was
mainly the result of the serious economic crisis that affected Argentina’s
economy. Since the crisis was further aggravated in 2002, it may be as-
sumed that an additional reduction in private expenditure took place
that year.
Our estimates for the private sector as a whole10 are shown in column

two of Table 3.1. In 2000, the environmental expenditure of private firms
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in Argentina was around US$480 million, accounting for 0.17% of the
country’s GDP. Given the fact that private environmental expenditures
in the OECD area oscillate between 1% (in countries such as the United
States, the United Kingdom, Austria and Switzerland) and 0.4% (in Aus-
tralia and France), it does not seem unreasonable to assume that such ex-
penditures reach nearly 0.17% in a country such as Argentina. In any
case, even if some overestimation may exist in this figure, it is clear from
ABCSD data that private environmental expenditure in Argentina grew
not only in absolute terms, but also relative to the GDP (see Chudnovsky
and López 2001).

No information is available on the breakdown and objectives of these
environmental expenditures. Nonetheless, the information collected in
previous research suggests that the increase in environmental expendi-
ture is not only associated with the need to comply with domestic reg-
ulations but also with other factors, such as the need to meet stringent
environmental standards in export markets. In the case of transnational
corporation affiliates, global environmental corporate policies may entail
some exigencies that could be stricter than those in force in Argentina,
including the need to improve the environmental ‘‘reputation’’ of the
firms, the possibility of obtaining cost reductions through measures such
as waste recovery, energy or raw material savings, etc. (Chudnovsky et al.
1996).

In some highly polluting sectors such as pulp and paper, steel, petro-
chemicals and leather tanning, it was found that firms started to improve
their environmental management in parallel with their restructuring
efforts in a context of greater competition through trade liberalization,

Table 3.1 Private environmental expenditures in Argentina 1994–2001
(US$ current million and %)

Year

Environmental
expenditures by
ABCSD members

Estimated private
environmental
expenditures

Private environmental
expenditures
as % of GDP

1994 40 160 0.06
1995 42 168 0.07
1996 45 180 0.07
1997 50 200 0.07
1998 55 220 0.07
1999 110 440 0.15
2000 120 480 0.17
2001 102 408 0.15
Average 94–01 70 282 0.10

Source: Argentine Business Council for Sustainable Development and own esti-
mates.
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regional integration within Mercosur and growing inflows of foreign
direct investment (Chudnovsky and Chidiak 1996; Chudnovsky et al.
1996). Export-oriented firms were especially prone to improving their
environmental performance due to the requirements they found in for-
eign markets. Similar improvements in environmental management had
been reported in other studies conducted in the pharmaceutical and
food processing industries, though the motivations differed in each sector
(FIEL 1996).
The above-mentioned studies found that firms had started to improve

their environmental management in parallel with their restructuring ef-
forts, and better environmental performance was often achieved as a by-
product of the efforts made to reduce costs and increase production effi-
ciency to face the growing competition in domestic and export markets.
Those studies also found that while end-of-pipe treatment was unevenly
incorporated in many facilities, there was limited evidence of pollution
prevention and waste-minimization activities. While several firms under-
took process optimization and waste-reuse activities as part of their ef-
forts to reduce costs and save energy, few firms adopted pollution pre-
vention technologies (Chudnovsky et al. 1996; Chudnovsky and Chidiak
1996).
A study made by the World Bank also highlighted the positive role of

economic restructuring on the environmental performance of the Argen-
tine industry. This positive role stemmed not only from measures aimed
at improving the productive efficiency and enhancing product quality, but
also from the fact that ‘‘liberalization of trade and capital flows has
opened up new horizons for many businesses, which are beginning to
recognize that they will have to improve both their economic and their
environmental performance. The crucial lesson which is gradually being
learnt is that with modern technologies there may be no significant trade-
off between these two dimensions of industrial performance’’ (World
Bank 1995: 58).
The same study pointed out other trends that were judged as positive

in terms of the environmental performance of the Argentine industry: (a)
the massive inflows of foreign direct investment may have positive im-
pacts since transnational corporations impose the same environmental
standards that are in force in their home countries; (b) the fact that
many Argentine firms had begun to take credits from foreign institutions
was another source of pressure for improving their environmental per-
formance, since many loans – notably those from multilateral agencies –
include environmental clauses (environmental impact studies, audits,
etc.); (c) the imports of capital goods and the deregulation of intangible
technology transfers may have allowed the access to modern ‘‘greener’’
technologies (World Bank 1995). However, no quantitative estimates
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on the magnitude of those effects were presented. At the same time, the
World Bank study acknowledged that SMEs were less likely to regard
the new economic regime as positive and less well placed in terms of
access to capital, technology and markets to take advantage of the new
opportunities.

Chudnovsky and Chidiak (1996) warned that advances in environ-
mental management were dissimilar not only among different types of
firms, but also among sectors. For instance, those sectors that were more
export-oriented seemed to be more prone to adopt modern environmen-
tal management systems. In turn, key variables explaining the differences
in terms of EM and the rate of adoption of pollution-prevention mea-
sures were not only the size of the firms, but also other elements such as
the origin of their capital (transnational corporation affiliates were seem-
ingly more advanced than local firms), as well as the age of their facilities
(modern plants were generally ‘‘greener’’ than older ones). Another
issue highlighted by Chudnovsky and Chidiak was that ‘‘environmental
spillovers’’ from large firms toward their small- and medium-scale suppli-
ers and customers seemed to be very weak. It was also clear that environ-
mental practices leading to a positive economic return were first adopted.

Even though the relationships between innovation and environmental
management were not systematically explored in that study, Chudnovsky
and Chidiak (1996) suggested that although the adoption of measures
aimed at saving energy and raw materials, or at minimizing wastes, had
implied some kind of minor technology improvements mostly based on
endogenous capabilities, the weak domestic innovation capabilities could
pose a limit to the adoption of more ambitious ‘‘eco-efficient’’ measures
which often require finding ad-hoc solutions to highly specific problems.

The next section discusses the results of a survey made in 1996/97 of
a group of large private firms in Argentina and, whenever possible, com-
pares them with information regarding the environmental activities of
SMEs – which comes from another survey undertaken during the same
years – and with more recent information for a representative sample of
manufacturing firms covering the period 1998–2001. The focus of this
section is on learning and analyzing more systematically the relationship
among innovation, environmental management and the adoption of pol-
lution prevention or eco-efficient measures.

Environmental management, innovation and pollution
prevention in Argentina

The first survey was prepared and distributed jointly with the ABCSD to
50 large companies (38 from ABCSD and 12 belonging to the pulp and
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paper, steel and petrochemical sectors).11 Answers from 32 firms were
obtained (see tables 3.2 and 3.3).
The surveyed firms represented nearly 16% of the total turnover of the

largest 1,000 Argentinean firms. The sales of the surveyed firms were, in
turn, about 5% of the GDP, and their exports amounted to more than
10% of the country’s exports. Surveyed firms’ sales were, on average,
US$440 million per year, and the average level of employment was
2,600 people.
To analyse the main research issues three indicators were defined to

reflect, respectively, the environmental management level, the adoption
of pollution prevention practices and the firms’ quality and innovation
capabilities. The following variables were included in the environmental
management indicator: the existence of a formal EM department; the
number of people involved in environmental protection activities; moni-
toring of environmental indicators and goals; environmental targets; an
environmental accounting system; environmental investments registra-
tion; percentage of R&D expenditure geared to environmental issues;
the implementation of studies on environmental impacts of product/
process and on raw materials recycling; analysis of possibilities of using
environmentally friendly raw materials and/or technologies; interactions
with customers and/or suppliers; adoption of pollution prevention mea-
sures; and environmental certifications.

Table 3.2 Surveyed firms’ sectoral distribution

Firms

Sector: Quantity Percentage

Chemicals and petrochemicals 7 21.9
Pulp, paper & paper products 6 18.9
Automotive 3 9.4
Petroleum 3 9.4
Food & beverages 2 6.2
Telecommunication equipment 2 6.2
Glass 1 3.1
Telephone services 1 3.1
Steel 1 3.1
Natural gas transport 1 3.1
Cement 1 3.1
Pharmaceuticals 1 3.1
Textiles 1 3.1
Tobacco 1 3.1
Electrical apparatus 1 3.1

Total 32 100
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The pollution prevention indicator was estimated taking into account
the importance given to the following measures: maintenance and oper-
ating practices, staff training, customer/supplier cooperation schemes,
energy, water and input savings, product and/or process reformulation,
raw material substitution, changes of existing processes, adoption of clean
technologies and external recycling.12

Finally, the quality and innovative capabilities indicator was estimated
through the following variables: R&D expenditure as a percentage of
sales, number of engineers, professionals and scientists as a percentage
of total employment and the quality certifications already13 obtained or
in-progress.

Environmental management, market orientation and
origin of the firms

More than 90% of surveyed large firms had an environmental depart-
ment. In addition, they defined their own environmental policies and
also established targets for their environmental performance. Moreover,
all these firms had staff exclusively assigned to environmental manage-
ment, even if they were not full-time personnel.

These enterprises were aware of local and international environmental
regulations and in several cases they were members of business associa-
tions created for the purpose of disseminating new environmental man-
agement standards. All of them had adopted primary and secondary
treatment facilities, or similar end-of-pipe facilities. Of the surveyed
firms, 92% carried out environmental training of their staff (even though
the time devoted to environmental training activities and the number of
persons involved were not yet very significant). Almost 13% of the sur-
veyed firms had achieved one environmental certification (ISO 14000),
whereas another 40% had at least one in progress.

Regarding environmental investments, the survey revealed a growing
trend between 1993 and 1997, except in 1996. Moreover, the share of en-
vironmental investments in total investments had been increasing since
1993 (table 3.3).

Pollution prevention practices had been adopted by surveyed firms as
part of their environmental management and were, predictably, the ‘‘sim-
pler’’ measures such as energy, water and input savings, followed by good
housekeeping, maintenance and operating practices and staff training.
More ‘‘complex’’ measures – such as process modifications, cleaner new
technology, raw material substitution and product reformulation – were
less important adoptions.

The relevance given to pollution prevention measures within the envi-
ronmental management of the surveyed large firms was also illustrated
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by the available information regarding the share of PP investments in the
large firms’ overall environmental investments: they accounted for 50 to
60% in the period 1994–1997.
Environmental management was stronger in export-oriented firms than

in those geared to the domestic market (table 3.4). Most exporting firms
surveyed had already obtained an ISO 9000 certification while only 25%
of the firms selling to the domestic market had achieved that same level
of certification. The same trend was also visible with ISO 14000 certifica-
tions, though dissemination of the latter was still incipient.
Regarding the dissemination of pollution prevention measures, a weak

PP management was more often found in firms mostly selling to the do-
mestic market than in those oriented towards the export market (table
3.5).
As expected, there was also a difference in environmental management

between foreign and domestic enterprises. Broadly speaking, active EM
was more frequent in foreign than in domestic firms. Nevertheless, there
were also a greater percentage of foreign firms with weak environmental
management (table 3.6). In the specific case of transnational corporations
with a weaker EM, it is not likely that they were behaving as ‘‘environ-

Table 3.3 Surveyed firms’ sizes

Firms

Firms with: Quantity Percentage

100 to 500 employees 8 25.0
From 500 to 1000 employees 9 28.2
From 1000 to 2000 employees 5 15.6
From 2000 to 10000 employees 5 15.6
More than 10000 employees 5 15.6

Table 3.4 Environmental investments 1993–1997 (US$ thousands and percent-
ages)

1993 1994 1995 1996
1997
(estimated)

Environmental
investments
(on average)

1877 2163 2209 1504 3054

Environmental
investments/total
investments
(on average)

10.0 11.9 8.3 18.7 19.0
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mental refugees’’. In fact, they were firms that had recently been pur-
chased by foreign investors and where environmental practices had been
inherited from preceding local owners. Meanwhile, most foreign enter-
prises with active environmental management were applying the global
policies defined by their headquarters even though, in some cases, the
subsidiaries retained some autonomy to react to specific local circum-
stances. Furthermore, on average, pollution prevention measures had
been adopted more by transnational corporation subsidiaries than by
domestic firms (table 3.7).

Technology sources and innovation intensity

With regard to obstacles against the adoption of pollution-prevention
measures, access to cleaner technologies was the main one firms faced.
Although this barrier was more frequent among domestic enterprises, it
was also significant among transnational corporation subsidiaries. Fur-
thermore, the lack of monetary and/or human resources also constrained
the adoption of pollution-prevention measures, especially among domes-
tic firms.

Table 3.5 Firms’ environmental management according to market orientation
(percentages)

Weak EM Medium EM Active EM Total

Export oriented (17 firms) 12 35 53 100
Internal market oriented

(15 firms)
27 53 20 100

Table 3.6 Adoption of PP practices according to market destination (percent-
ages)

Weak PP
management

Medium PP
management

Active PP
management Total

Export oriented (17 firms) 18 47 35 100
Internal market oriented

(15 firms)
40 13 47 100

Table 3.7 Environmental management according to the origin of the firm (per-
centages)

Weak EM Medium EM Active EM Total

Domestic (15 firms) 14 57 29 100
Foreign (17 firms) 18 35 47 100
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In-house activities were the main source for the technologies required
to adopt pollution prevention measures, basically for those that could
be easily implemented and/or where the problems were firm specific.
Not surprisingly, other sources were as important as in-house activities
when product reformulation or the adoption of a cleaner technology is
required.
Expectedly, headquarters appeared as a substantial source of technol-

ogy for foreign enterprises. Besides that key source, transnational corpo-
ration affiliates also relied for their technological inputs on specialized
local enterprises (instead of foreign firms) and to some extent on local
universities and/or research institutes. In contrast, besides the role of in-
house activities as the main source of technology, domestic firms also re-
lied on specialized foreign enterprises (instead of domestic assistance)
and they had few links with local universities and/or research institutes.
A positive relationship between innovatory capabilities/quality man-

agement and environmental management and the adoption of pollution
prevention measures was found (tables 3.8 and 3.9). This finding is a clear
reflection of the importance of endogenous technological capabilities in
the development of proper environmental management.
Firms operating in medium-high- and high-technological-content

branches14 displayed better environmental management and had made
more progress in the adoption of pollution prevention practices (tables
3.10 and 3.11). These branches are the most dynamic and innovative at
the international level, hence they have more possibilities of developing
resourceful environmental solutions from which local firms may also
benefit.

Table 3.8 Adoption of PP practices according to the origin of the firm (percen-
tages)

Weak PP
management

Medium PP
management

Active PP
management Total

Domestic (15 firms) 29 50 21 100
Foreign (17 firms) 23.5 17.5 59 100

Table 3.9 Environmental management according to firms’ innovative capabilities
(percentages)

Innovative capabilities: Weak EM Medium EM Active EM Total

Low (10 firms) 30 60 10 100
Medium (10 firms) 20 30 50 100
High (12 firms) 8 42 50 100
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Benefits from the adoption of pollution prevention measures

An interesting finding was that the adoption of pollution prevention mea-
sures, which in general did not eliminate the need for keeping end-of-
pipe facilities, resulted in economic advantages with respect to more tra-
ditional control methods. In fact, seventy important pollution prevention
projects carried out between 1992 and 1997 were identified from among
the large firms surveyed. In only 17% of the projects did the expenditure
for adopting pollution prevention measures indicate a non-recovered
cost. Expenditures had at least been partially recovered in the remaining
projects. In more than 20% of the projects additional monetary benefits
had been achieved.

Most pollution prevention projects – especially those that were most
profitable – were developed by firms with better environmental manage-
ment, more advanced adoption of PP practices and higher innovatory
and quality capabilities (tables 3.12 to 3.15). Take note that none of the
pollution prevention projects with totally recovered costs or with net
benefits were developed by firms with weak environmental management.
Meanwhile, most of these types of projects were generated by enterprises
with medium/high innovatory and quality capabilities and a higher level
of progress with regard to pollution prevention methods.

An unexpected finding was the weak relationship between the origin of
a firm and the project results. Since foreign firms have advantages in ac-
cessing new technologies and innovations concerning pollution preven-

Table 3.10 PP management according to firms’ innovative capabilities (percen-
tages)

Innovative capabilities:
Weak PP
management

Medium PP
management

Active PP
management Total

Low (10 firms) 50 30 20 100
Medium (10 firms) 20 30 50 100
High (12 firms) 17 33 50 100

Table 3.11 Firms’ environmental management according to sectoral technological
contents (percentages)

Sectors according to their
technological contents: Weak EM Medium EM Active EM Total

Low (11 firms) 27 62 11 100
Medium-low (7 firms) 28.5 28.5 43 100
Medium-high (7 firms) 0 14 86 100
High (3 firms) 0 67 33 100

ARGENTINE INDUSTRY’S EM LEARNING PROCESS 101



Table 3.12 PP management according to sectoral technological contents (percen-
tages)

Sectors according to their
technological contents:

Weak PP
management

Medium PP
management

Active PP
management Total

Low (11 firms) 27 55 18 100
Medium-low (7 firms) 43 43 14 100
Medium-high (7 firms) 0 0 100 100
High (3 firms) 33 0 67 100

Table 3.13 ‘‘Preventive projects’’ results according to firms’ environmental man-
agement level

Expenditures for adopting PP measures have meant:

NRCa CPRb CTRc
Total of
projects

Firms’ EM: N� % N� % N� % N� %

N� of projects
per firm
(on average)

Weak 4 33 5 18 0 0 9 13 1.5
Medium 6 50 12 43 12 40 30 43 2.1
Active 2 17 11 39 18 60 31 44 2.6

Total of projects 12 100 28 100 30 100 70 100 2.2

a. No recovered cost.
b. Partially recovered cost.
c. Totally recovered cost in some cases jointly with additional benefits with a sim-

ilar or lower rate of return than other non-environmental investments.

Table 3.14 ‘‘Preventive projects’’ results according to firms’ PP management
level

Expenditures for adopting PP measures have meant:

NRC CPR CTR
Total of
projects

Firms’ PP
management: N� % N� % N� % N� %

N� of projects
per firm
(on average)

Weak 4 33.3 8 28.5 5 17 17 24 1.9
Medium 4 33.3 8 28.5 11 36 23 33 2.3
Active 4 33.3 12 43 14 47 30 43 2.3

Total of projects 12 100 28 100 30 100 70 100 2.2
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tion measures, they should be in a better position to develop projects
with greater economic and environmental results. However, this does
not seem to be the case in our sample.

Environmental management in SMEs

A survey made of 120 manufacturing SMEs in Gran Buenos Aires in
1997 sheds light on some aspects of environmental management in that
group of firms. The surveyed firms were chosen as a representative sam-
ple from a universe of 668 companies operating in an important industrial
district of Gran Buenos Aires. Tables 3.16 and 3.17 include information
on the sectors and size of the firms surveyed.

Expectedly, the SMEs surveyed showed strong deficiencies in their en-
vironmental management. For instance, only 20% of them had end-of-
pipe facilities. Likewise, 60% did not have environmental performance
targets and in several cases had no knowledge of the current national
and provincial environmental regulations. Hence, it comes as no surprise
to find that environmental management among SMEs was much weaker

Table 3.15 ‘‘Preventive projects’’ results according to firms’ innovative capabil-
ities

Expenditures for adopting PP measures have meant:

NRC CPR CTR
Total of
projects

Firms’ innovative
capabilities: N� % N� % N� % N� %

N� of projects
per firm
(on average)

Low 3 25 11 39 2 6.6 16 23 1.6
Medium 4 33 6 22 14 46.6 24 34 2.4
High 5 42 11 39 14 46.6 30 43 2.4

Total of projects 12 100 28 100 30 100 70 100 2.2

Table 3.16 ‘‘Preventive projects’’ results according to the origin of the firm

Expenditures for adopting PP measures have meant:

NRC CPR CTR
Total of
projects

Firms: N� % N� % N� % N� %

Domestic 5 42 12 43 15 43 32 46
Foreign 7 58 16 57 15 57 38 54

Total of projects 12 100 28 100 30 100 70 100
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than in large firms,15 and that the dissemination of pollution prevention
measures was much more limited (tables 3.18 and 3.19).
According to the survey, the lack of access to modern technologies was

the principal restraint to adopting pollution-prevention measures among
SMEs. In addition, the lack of information was also an important obstacle

Table 3.17 Surveyed SMEs’ sectoral distribution

Firms

Sector: Quantity Percentage

Autoparts 31 25.8
Metal products, except machinery 23 19.2
Rubber & plastic 11 9.2
Machinery & equipment 11 9.2
Textiles 9 7.5
Electrical machinery & apparatus 8 6.7
Steel & aluminium 5 4.2
Wood products, except furniture 4 3.3
Publishing & printing 4 3.3
Chemicals 4 3.3
Paper products 3 2.5
Food & beverages 2 1.7
Furniture 2 1.7
Clothing 2 1.7
Leather manufactures 1 0.8

Table 3.18 Surveyed SMEs’ sizes

Firms

Firms with: Quantity Percentage

Fewer than 6 employees 10 8.3
From 6 to 10 41 34.2
From 11 to 25 37 30.8
From 26 to 50 18 15.0
More than 50 employees 14 11.7

Table 3.19 Environmental management in SMEs and large firms (percentages)

SMEs Large firms

Absent 20 –
Very weak 31 –
Weak 21 19
Medium 16 44
Active 12 37
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for many of them. Another key finding was that more than 25% of SMEs
were not able to identify the difficulties they faced in order to be able to
improve their environmental management.

A recent survey made with the purpose of obtaining information on
the innovation activities and technological behaviour of Argentinean
manufacturing firms also sheds light on some aspects of the SMEs’ envi-
ronmental performance. The survey covered the period 1998–2001 and
included 1,688 firms, from which 1,489 were SMEs (INDEC 2003). Em-
ployment in surveyed firms amounted to 26% of total employment in
the manufacturing sector in 2001.

Expectedly, environmental management activities are less diffused
among SMEs than in large firms. However, the survey showed that 26%
of surveyed SMEs had some kind of end-of-pipe system (table 3.20),
while 50% had undertaken at least one type of environmental manage-
ment activity. Furthermore, 5% of SMEs had an environmental certifica-
tion. Interestingly, this survey shows that ‘‘cleaner technologies’’ or ‘‘pol-
lution prevention’’ methods are more diffused than end-of-pipe systems
among SMEs.

Technology seems to be the main obstacle for improving the level of
environmental management among SMEs (table 3.21). This includes: (a)
the high costs of some technologies, (b) the lack of information about
feasible technical alternatives, and (c) the lack of adequacy of the tech-
nology supply to the specific needs of SMEs.

Finally, Chudnovsky and Pupato (2005) have been able to carry out an
econometric analysis of micro data available for a representative sample
of 716 enterprises from the previously mentioned innovation survey
(INDEC 2003).

With the purpose of analysing the determinants of the quality of the
environmental management in the manufacturing industry, the available
information was used to group the firms into four mutually exclusive cat-
egories, according to the quality of the environmental management they

Table 3.20 Diffusion of PP practices in SMEs and large firms (percentages)

SMEs Large firms

Preventive maintenance 41 84
Energy, water and inputs savings 32 91
Workforce training 26 81
Process modifications through cleaner technologies 22 59
Process modifications through existent technologies 21 66
Substitution of inputs and raw materials 20 56
External recycling 16 66
Product reformulation 14 41
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undertook during 1998–2001 (following Chidiak and Gutman 2004): com-
plex clean production (CP) management; simple clean production man-
agement; end-of-pipe; and firms without environmental management.16
Briefly, Chudnovsky and Pupato find that the size of a firm and its

technology acquisition expenditure17 (though not R&D expenditure) in-
creased both the probability of undertaking environmental management
activities as well as the quality of EM itself. In addition, they record a
positive impact of environmental regulatory pressure on innovative be-
haviour, though such regulatory pressure induced end-of-pipe at the ex-
pense of simple clean production management. Foreign firms were more

Table 3.21 Environmental management activities, 1998–2001 (percentages)

Activities: SMEs Large

1) Improvement of the efficiency in the use of water,
inputs and energy

34 79

2) Systems for treatment of effluents and waste 26 83
3) Internal or external recycling 23 69
4) Replacement or modification of polluting processes 17 40
5) Replacement of polluting inputs or raw materials 15 40
6) Remediation actions 15 30
7) Development of ‘‘environment-friendly’’ products 9 32
8) Environmental management certifications 5 32
9) Others 4 9

SMEs: total panel of SMEs, conformed by 1,489 enterprises.
Large: total panel of large enterprises, conformed by 109 enterprises.
Source: INDEC (2003).

Table 3.22 Obstacles to improving firms’ environmental management, 1998–2001
(percentages)

Obstacles: SMEs Large

High cost of the available technologies 39 54
Others 24 16
Lack of information about the available sources of technology 9 5
Lack of certain environmental technologies in the local
market

7 21

The available technologies are not adequate to the needs of
the firm

7 11

Lack of certain environmental technologies in the
international market

2 3

The available technologies are protected by patents or other
means

1 1

SMEs: total panel of SMEs, conformed by 1,489 enterprises.
Large: total panel of large enterprises, conformed by 109 enterprises.
Source: INDEC (2003).
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prone to undertake environmental management activities and generated
positive environmental spillovers, by inducing simple clean production
management in domestic firms with high absorption capabilities.18

While these findings are certainly more robust than those based in the
descriptive statistics that we have used so far, the reported results should
be read with due caution. As stated by Chudnovsky and Pupato (2005),
although they have measured the explanatory variables at the beginning
of the period covered by the data set and included sector-fixed effects in
their regressions in order to obtain more robust estimations, endogeneity
problems still remain. Hence, they prefer to view their findings as indicat-
ing conditional correlations between variables, rather than proper causal
relationships.

Concluding remarks, research issues and policy implications

The surveys undertaken in the second part of the 1990s, which provided
information for one point in time, showed that, as expected, pollution
prevention approaches were more diffused among large firms, particu-
larly those with higher export orientation and/or foreign controlled.
Adopted pollution prevention measures were those demanding small in-
vestments and/or costs and requiring relatively ‘‘simple’’ technological
actions.

Another important finding was a positive relationship between
innovatory/quality capabilities and environmental management and the
adoption of pollution prevention practices. In-house activities had been
the main source of technology for the adoption of pollution prevention
measures, even among transnational corporation subsidiaries, which any-
way depended on technology flows from their headquarters. This finding
was related to the fact that the more diffused measures were generally
firm-specific. Hence, internal staff was able to develop appropriate solu-
tions linked to their own experience and learning (i.e., it was a tacit and
specific knowledge). However, endogenous efforts were also important,
though with less intensity, when more technological ‘‘complex’’ measures
such as the adoption of cleaner technologies and/or product reformula-
tion were undertaken.

Nevertheless, since mostly ‘‘simple’’ pollution prevention practices had
been adopted, the virtuous connection between innovatory capability and
environmental management, particularly the adoption of ‘‘complex’’ PP
measures, seemed to take place within narrow boundaries. These early
findings are partially confirmed by more recent evidence and analysis.
Size and technology acquisition activities are key variables explaining
both the probability of undertaking environmental management activities
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as well as the quality of EM when a large sample of firms with informa-
tion for 1998–2001 is analysed on the basis of econometric techniques.
Foreign ownership is also a relevant variable in this analysis. The fact
that R&D expenditures were not a significant variable deserves further
research. In this connection it is important to learn to what extent R&D
and/or management, design and engineering expenditures related to in-
novation activities have been a complement or a substitute for technol-
ogy acquisition.
In any case, the access to more ‘‘complex’’ technologies appears as the

main obstacle to making more progress in the adoption of pollution pre-
vention practices. It may reflect that insufficient resources have been allo-
cated to the adoption or development of environmental technologies.
This is quite understandable given the risks involved in making long-
term investments in an uncertain and volatile country like Argentina.
Economic reasons (environmental management cost reduction) seem

to be the leading motivating factors for adopting pollution prevention
practices. It has been common for PP measures to appear as by-products
of actions aimed at reducing the operative costs of the firm. National
regulations did not play a significant role in this connection.
As suggested in the received literature, the adoption of pollution pre-

vention measures has meant economic advantages with respect to more
traditional control methods and in many cases it also resulted in net eco-
nomic benefits. The importance of local innovative and quality capabil-
ities is also shown here: most pollution prevention projects have been de-
veloped by firms with such assets; also this type of enterprise has been
responsible for the bulk of the more profitable PP projects. However,
most of these projects have been based on ‘‘simple’’ measures, in which
productive and environmental efficiency seem to be synonymous.
Summing up, the progress made in the 1990s in the adoption of more

advanced environmental practices within Argentine industry seems unde-
niable. However, such progress was concentrated within a small group
of firms, especially large, export-oriented firms or transnational corpora-
tion subsidiaries. Most Argentine manufacturing firms made little if any
progress in this field. Even among those firms that apparently made
greater efforts, the adopted measures were mainly of the ‘‘simpler’’ kind.
Since good environmental management would increasingly become a cru-
cial condition to compete in the marketplace, this situation is serious not
only for environmental but also for economic reasons. This perception
has not yet been incorporated among local businessmen, and particularly
among SMEs (although improvements in the environmental behaviour of
this group of firms has taken place in recent years).
Moreover, even among large, export-oriented and/or foreign firms, the

advances do not cover the whole spectrum of environmental manage-
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ment. Whereas in several cases accumulated problems have to be solved,
on other occasions measures involving higher costs and/or investments
have to be implemented. Likewise, for greater and quicker diffusion of
environmental management based on product life-cycle criteria, cus-
tomer and/or supplier interactions need to be expanded.

Several issues should receive priority on the research agenda. First, in-
formation on the environmental behaviour of Argentine firms needs to be
collected on a regular basis and complemented with data on key eco-
nomic and technological variables in order to be able to carry out de-
scriptive and econometric research.

Second, access to technology as a key obstacle to the adoption of
pollution-prevention measures should be investigated. It would be impor-
tant to learn whether the main constrains are due to supply restrictions,
lack of information, cost problems or insufficient in-house resources,
among others. Furthermore, the relationship between environmental man-
agement, the adoption of pollution-prevention measures and innovation
capabilities in each firm should be studied with far more detail.

Taking into account the importance of transnational corporations to
the Argentine economy, both their environmental management and in-
novation activities should be studied in depth, paying special attention
to their spillovers on domestic firms.

The specific causes of environmental management and innovation
weaknesses among SMEs, as well as the main obstacles to facing such
problems, should be studied, considering different sectors and regions
and the linkages between SMEs and large firms.

Given Argentina’s situation, it is difficult to think that any of the prob-
lems discussed in this paper would receive priority in the short term.
However, the improvement and preservation of the environment should
become an integral part of a development strategy. Hence, instead of
confronting productive activities, environmental policies should be grad-
ually designed and implemented by introducing mechanisms to facilitate
a negotiating process among the state, private firms, non-governmental
organizations and other social groups. Likewise, the regulatory frame-
work should provide incentives to induce firms to improve their environ-
mental performance through innovative activities.

In this connection, current environmental regulations, which have been
defined mostly in isolation, should be integrated with other policies in re-
lated areas. For example, it is pretty clear that firms’ environmental man-
agement strongly depends on their innovative and quality management;
hence, the improvement of innovatory and quality capabilities should be
considered as a key component within any global environmental policy.
At the same time, innovative public policies should explicitly take into
account the environmental dimension.
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The search for and adoption of cost-effective technologies (following a
preventive approach) should become a priority in environmental policy.
For example, OECD guidelines may be followed to examine which cur-
rent policies constrain or facilitate this kind of approach. Moreover, since
firms and sectors do differ in their environmental management, perfor-
mance and problems, the policies in question should clearly differentiate
between the appropriate standards and actions for each case. In particu-
lar, SMEs’ environmental problems should become a priority for policy-
makers.
Finally, there is practically no public information on firms’ and sectors’

environmental performances and contamination. Since the availability of
such information is a basic condition to examine the weak and strong
points in environmental management and innovation within the manufac-
turing sector, environmental and technology authorities should make se-
rious efforts to bridge the information gap.

Notes

1. The end-of-pipe approach is based on the identification, processing and disposal of dis-
charges or waste. It is thus a corrective approach that tries to control the pollution after
it has occurred.

2. See Bartzokas and Yarime (1997) for a review of pollution-prevention technologies in
pollution-intensive industries, and Albrecht (1998) for a test on Porter’s hypothesis.
See also Jaffe et al. (1995) and Jenkins (1998).

3. Product offsets occur when environmental regulation produces not only less pollution,
but also creates better-performing or higher-quality products, safer products, lower
product costs and products with higher resale or scrap value or lower costs of product
disposal for users. Process offsets occur when environmental regulation not only leads
to reduced pollution, but also results in higher resource productivity such as higher pro-
cess yields, less downtime through more careful monitoring and maintenance, material
savings, better utilization of by-products, lower energy consumption, reduced material
storage and handling costs, etc.

4. Pollution control technologies, which transform dangerous substances into harmless
ones before being emitted to the environment, and cleanup technologies, which render
innocuous those dangerous substances that have already penetrated into the environ-
ment and/or improve degraded ecosystems, are included in the EOP measures classifica-
tion (NSTC 1994).

5. However, in many cases, the limits between pollution prevention and end-of-pipe are
imprecise; for example, sometimes substances of positive economic value are recuper-
ated by adopting EOP treatments. In addition, end-of-pipe treatment is seldom totally
eliminated by the adoption of pollution prevention measures.

6. It is not always true that better environmental management represents superior envi-
ronmental performance. For example, a study on a number of transnational corporation
subsidiaries in the United States concludes that there was no correlation between envi-
ronmental practices and pollutant emissions in each firm (Levy 1995). However, in gen-
eral one can assume that firms with more active environmental management have the
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conditions to control their pollutant emissions in a more efficient way than those with
poor EM. Certainly, a firm with active environmental management would probably
achieve a better environmental performance per product unit than their competitors
in the same sector with weaker EM. At the same time, after adopting active EM the
environmental performance of the firm should improve.

7. Some estimates may be found for the mid-1990s in a study made by the World Bank
(1995).

8. Most environmental regulations in Argentina are of the command and control type.
There are rules for air and water that set environmental quality and emission standards,
as well as legislation on hazardous waste. There are some ‘‘shy’’ cases of environmental
taxes and subsidies (see Conte Grand 2000), but they play only a marginal role in local
environmental policy. In turn, no official deposit/refund scheme exists, and new policy
instruments such as voluntary agreements to reduce pollution have not been introduced.

9. The Argentine Business Council for Sustainable Development (ABCSD) is an organiza-
tion that gathers 38 business conglomerates – local as well as foreign-owned – that
jointly represent 25% of the sales of the largest 1,000 Argentine firms. In turn, the sales
of these 1,000 firms are about 50% of the domestic GDP.

10. To estimate the total environmental expenditure by Argentina’s private firms the figures
from the ABCSD member were increased by four. The fact that ABCSD firms are the
most environmentally conscious in Argentina is compensated by the fact that the envi-
ronmental expenditure for the remainder of the Argentine firms are not taken into
account and probably decrease proportional to the size of the firms.

11. For a more detailed analysis of the methodology and the results of this survey, see
Chudnovsky, López and Freylejer (1997).

12. Firms were classified in three groups in terms of their environmental management and
pollution prevention levels (weak, medium and active). The groups were constructed in
the following way. For each firm we assigned a value in each variable on the basis of its
relative performance in the respective field. Then we summed up all the values assigned
to each firm, which allowed us to rank the surveyed firms according to their environ-
mental management and pollution-prevention levels. We added up the minimum and
the maximum values observed in each indicator and divided this result by three. On
this basis, we defined the three above-mentioned groups.

13. Three groups were constructed for this indicator, following the same procedure de-
scribed in the preceding endnote.

14. The classification of branches according to their technological intensity is based on
OECD methodology. Broadly speaking, such methodology takes into account, among
other elements, the significance of R&D expenditures on total output.

15. For SMEs, the environmental management indicator was built considering the following
variables: knowledge of environmental regulations, targets for environmental perfor-
mance and measures implemented to reduce pollution levels (such as end-of-pipe treat-
ment, maintenance and operating practices, staff training, customer/supplier coopera-
tion schemes, energy, water and input savings, product and/or process reformulation,
raw material substitution, adoption of new clean technologies and external recycling).
The indicator (ISME) took values from zero to one (which resulted from the addition
of the weighted values assigned to each firm in each of the variables considered). The
groups were defined in the following way: (a) ISME ¼ 0; (b) 0 < ISME > 0.2; (c)
0.2 < ISME > 0.4; (d) 0.4 < ISME > 0.6; (e) ISME > 0.6.

16. Based on the activities enumerated in table 3.20, firms with complex ‘‘cleaner produc-
tion’’ management were those that undertook at least one of the activities numbered
four, five, seven and eight. Firms with simple cleaner production management were
those engaged in at least one of the activities numbered one and three that did not
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undertake complex CP management activities. End-of-pipe management was firms
engaged in at least one of the activities numbered two, six and nine.

17. Technology acquisition includes expenditure in capital goods (related to innovation ac-
tivities within the firm) and technology transfer (patent rights, licences, trademarks and
designs) acquired domestically or abroad in 1998.

18. In order to measure absorption capabilities, the authors elaborated an index that in-
cludes different factors, as follows:
1) quantitative variables: the ratio of R&D employees relative to total employment,

the ratio between expenditures in consultancy and sales, the payments for technology
licences relative to sales, the expenditures in capital goods related to new processes or
new products relative to sales and the ratio between innovation activities (including not
only expenditures in formal R&D but also in adaptive and incremental innovation activ-
ities, project engineering, etc.) and sales;
2) qualitative variables: the degree of formalization of R&D activities (i.e., whether

the firm has an R&D department or not), the use of modern organizational techniques,
the importance assigned to product innovation in firms’ strategies, the use of informa-
tion technology in the relationships with customers and suppliers and the importance
of tacit and codified sources of technological information;
3) qualitative-quantitative variables: whether the firm undertook training activities

and, if so, the expenditures in training relative to sales.
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gestión ambiental en la industria argentina: Resultados de la Segunda Encuesta
de Innovación y Conducta Tecnológica’’, mimeo, Buenos Aires: ECLAC.

112 DANIEL CHUDNOVSKY AND ANDRÉS LÓPEZ
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4

To the limits . . . and beyond?
Environmental regulation and
innovation in the Canadian pulp
and paper industry

Brent Herbert-Copley

In the mid-1990s, new regulations entered into force in Canada that
significantly tightened limits on effluents from pulp and paper mills.
Whereas earlier regulations had been relatively weak and ineffective,
the new federal regulations on traditional pollutants (combined with pro-
vincial standards dealing with chlorine use) resulted in a situation where
Canadian firms faced regulatory limits at least as stringent as competitor
countries – and in some respects more stringent.

In the wake of the new regulations, environment-related investment by
the industry expanded rapidly, and average effluent levels fell in equally
dramatic fashion. By 1996 (the deadline for compliance with new regula-
tions) only one Canadian pulp mill was consistently out of compliance
with the new federal regulations.

Based on a survey of pulp and paper firms carried out in 1997, this
paper examines in detail the nature of industry’s response to the new reg-
ulations. In particular, it discusses the way in which regulations interacted
with other structural features of the Canadian pulp and paper industry to
promote innovation and diffusion of environmental technologies. The
paper argues that we can ‘‘read’’ the story of industry’s adaptation to reg-
ulatory pressures in at least two different ways. A first narrative empha-
sizes the compliance-oriented nature of most investment by Canadian
pulp and paper firms, which focused on the adoption of proven control
technologies rather than actively searching for innovative solutions to
environmental challenges. A second narrative, however, takes a slightly
more nuanced view of industry’s response to new regulations. While
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‘‘end-of-pipe’’ controls dominated investment programmes, many firms
also introduced a series of internal process changes, resulting in levels of
environmental performance well beyond mandated limits. The choice of
which narrative to emphasize has important implications for our thinking
on the links between environmental and innovation policy.

Regulatory influences on Canadian pulp and paper firms

Pulp and paper manufacturing is characterized by a series of environ-
mental impacts, ranging from upstream forest management practices to
downstream issues concerning recycling and disposal of solid wastes.
Most regulatory attention, however, has tended to focus on direct con-
tamination from the pulping process – and in particular on liquid efflu-
ents. Effluent quality is generally assessed along two sets of parameters:

Organic material in liquid effluents

Levels of organic matter are generally measured in terms of biochemical
oxygen demand (BOD) or chemical oxygen demand (COD), which re-
flect the impact of biodegradeable wastes on dissolved oxygen in water –
and thus indirectly on the ability of a body of water to support aquatic
life. Also important are levels of total suspended solids (TSS). Levels of
organic pollutants depend on a number of factors, in particular the type
of process technology employed (mechanical pulping, chemical or kraft
pulping or chemo-thermo-mechanical pulping, CTMP).

Toxic compounds in liquid effluents, resulting primarily from chlorine
used in order to improve the colour of pulp

Levels of contamination are generally measured by levels of overall orga-
nochlorines (absorbable organic halides, or AOX) by the presence of
specific toxins like dioxin and furans, or in terms of the extent of use of
elemental chlorine.1 The bleaching issue is a particularly controversial
one, and over the course of the 1990s most new producers of kraft pulp
switched to either elemental chlorine-free (ECF) bleaching processes, or
to totally chlorine-free (TCF) processes. Prior to the 1990s, effluent regu-
lations facing Canadian pulp and paper mills were relatively weak and in-
effective. The principal legislation at the federal level was a set of 1971
amendments to the Fisheries Act, which set standards for total suspended
solids, biochemical oxygen demand, and acute lethality based on the type
of process technology employed at individual mills. Standards were set
on a Canada-wide basis, and were meant to apply to all direct-discharge
mills – although older mills were to be provided with time to adapt to the
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requirements of the legislation, by negotiating with authorities regarding
timetables for compliance.

In practice, the Act suffered from a number of weaknesses (see Bonsor
1990; Sinclair 1991; and Stanbury 1993 for reviews). In the first place,
standards were in fact not uniform across the country. Regulation of in-
dustrial pollution in Canada is shared between federal and provincial
governments, and overlapping mandates have been a source of confusion
and concern. Most provinces issue permits for mill operations: provincial
standards are typically set on a mill-by-mill basis, and in many cases reg-
ulate additional parameters (pH, colour, and more recently AOX) be-
yond those covered by federal regulations.2 Moreover, enforcement of
regulations was and continues to be primarily the responsibility of pro-
vincial officials. Thus, actual regulatory limits facing mills varied widely
across the country: data compiled by Sinclair (1991: 88–89) showed that
of 122 direct discharge mills in operation in 1985, approximately 45%
were subject to provincial limits more stringent than federal require-
ments, 31% faced less stringent requirements and 16% faced provincial
limits equal to those required under federal law (in the remaining 7% of
cases, information was not available).

Even more critically, in practice regulations were only applied to mills
constructed after 1971 (or which expanded production by more than 10%
after 1971); for older mills, regulations were used only as guidelines, and
company officials negotiated timetables for compliance with regulatory
authorities. Given the imbalance in technical and economic knowledge
about mill operations between company and regulatory officials – and
the potential economic impact of mill closings on what are frequently
remote, single-industry communities – regulatory officials tended to be
sensitive to claims about the negative economic consequences of regula-
tions on older mills (Sinclair 1991: 98–99). As a result, most older mills
were exempted from the regulations: Bonsor (1990: 169) claims that as
of 1990 only 10% of all pulp and paper mills in the country were subject
to the regulations. Data for 1985 indicate that a large number of mills fell
below federal guidelines for environmental performance: 79% met BOD
limits, 61% were in compliance with TSS limits, and only 32% met acute
lethality standards (Sinclair 1991: 90). Prosecutions of violators were
relatively rare, and fines levied were insufficient to act as a deterrent
(Bonsor 1990: 170; see also Nemetz 1986).

By the late 1980s, pressures had mounted for changes in regulatory
policy vis-à-vis the industry. In part, changes were motivated by the
evident failure of existing regulations and accompanying investment sub-
sidies to promote environmental improvements across the industry. A
1988 study commissioned by the federal environment department (Sin-
clair 1988) noted the failure of the guidelines approach to promoting
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improvements at older mills. Meanwhile, widespread media attention in
1987 and 1988 following the discovery of significant concentrations of po-
tentially carcinogenic dioxins in kraft pulp mill effluents in Ontario raised
the pressures on both government and industry to take action.
The main result was a series of amendments to the Fisheries Act and

the Canadian Environmental Protection Act (CEPA), which came into
effect in July 1992 – as well as a number of changes to provincial regula-
tions announced at about the same time (or in some cases somewhat ear-
lier). The 1992 regulations introduced new, more stringent regulations on
BOD and TSS, based on performance standards that could be reached
with the installation of up-to-date primary- and secondary-treatment
facilities. They also maintained acute lethality standards, and added new
regulations governing dioxin and furan emissions. Even more impor-
tantly, the regulations were designed to apply to all mills (not just new
ones) and to dramatically restrict the scope for exemptions from regula-
tion. In the case of dioxin and furan limits (which applied only to mills
using chlorine bleaching), mills in operation prior to 1990 were given un-
til January 1994 to ensure compliance; all mills also had to immediately
cease using woodchips contaminated with pentachlorophenol, and to re-
formulate defoamers to remove dioxins and furans – thus removing the
two major sources of dioxin/furan emissions. In the case of BOD and
TSS limits, mills that needed time to install treatment facilities or alter
production processes could apply for an authorization to delay compli-
ance until December 31, 1993, and a further extension of the time limit
to December 31, 1995 under exceptional circumstances.3 In practice, ex-
tensions were widely used: of the 157 mills subject to the new BOD/TSS
limits, 97 were granted extensions to the end of 1995 (Environment Can-
ada 1998). Even so, the timetable for compliance with regulations was
extremely tight by earlier standards, and there was no scope for excep-
tion beyond the December 1995 deadline.
As a result of the 1992 regulations and accompanying provincial re-

strictions, Canadian pulp and paper producers face effluent standards
that are at least as stringent as those prevailing in competitor countries,
and in many respects more stringent. Table 4.1 provides an overview of
Canadian federal and provincial guidelines prevailing in the late 1990s,
as well as comparable limits in the United States, and a composite mea-
sure of international ‘‘good practice’’ based on a review of performance
in a number of countries. One point that needs to be kept in mind is that
regulatory requirements vary among pulp-producing regions in Canada.
In particular, the Atlantic provinces are the only major pulp-producing
region which has not set provincial regulations; as a result, pulp mills in
Atlantic Canada generally face lower BOD and TSS limits than mills in
other provinces, and no limits whatsoever on AOX.
Strict numerical comparisons may understate the stringency of Cana-
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dian regulations, given the fact that federal regulations provide few
opportunities for exemption from regulations (whereas other jurisdic-
tions frequently set permit levels on a mill-by-mill basis, providing
greater opportunities for firms to lobby for lower limits). Moreover, at
least one analysis claims that the use in Canada of daily maximum limits

Table 4.1 Regulatory standards in Canadian and other jurisdictions, ca. 1996 (1)

Biochemical
oxygen demand,
BOD5 (kg/adt)

Total suspended
solids, TSS
(kg/adt)

Adsorbable organic
halides, AOX
(kg/adt)

Federal
Government

7.5 11.25 No limits set

Alberta (2) 1.5–5.5 3.0–9.5 0.54–1.5

British Columbia
(2)

5.0–7.5 11.25 2.5 (various dates)
1.5 (by 31/12/95)
0.0 (by 31/12/02)

Ontario (2) 3.35–5.0 5.0–7.87 2.5 (by 25/11/93)
1.5 (by 31/12/95)
0.8 (by 31/12/99)

Quebec (3) 5.0 8.0 1.5/2.5 (by 31/12/93)
1.0/2.0 (by 31/12/95)
0.8 (by 31/12/00)

International ‘‘Good
Practice’’ Levels
(4)

Bleached Kraft
15.0 (4.0)

Mechanical 10.0
(4.0)

Bleached Kraft
7.0 (5.0)

Mechanical 7.0
(3.0)

2.0 (0.8)

United States (5) 5.5–8.05 11.9–16.4 0.623

(1) Canadian data are taken from Simons Consulting Group (1994: Appendix 2).
Canadian regulations at federal and provincial levels set standards for both daily
maximum and monthly average discharge levels; monthly figures have been used
in this chart since most other jurisdictions do not set daily maximum levels. Fed-
eral regulations also set limits for pH, acute lethality and dioxins/furans, which
are not included in this chart.
(2) Alberta, British Columbia and Ontario set mill-by-mill discharge limits; fig-
ures are range of permit levels.
(3) Quebec has set two AOX levels – one for predominantly softwood-based pulp
mills, and one for those using primarily hardwoods. By the end of 2000, a single
limit of 0.8 kg/adt will apply to all producers.
(4) International data are based on a survey of good practice in mills world-wide;
numbers in brackets represent levels possible for new mills with primary and sec-
ondary treatment of effluents. See IIED (1996) Toward a Sustainable Paper Cycle.
London: International Institute for Environment and Development, 1996: 119.
(5) United States figures are EPA ‘‘cluster rules’’ discharge guidelines for existing
mills, which were approved by the EPA in November 1997. See McCubbin (1997:
193).
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on effluents – in addition to the kind of monthly or yearly averages ap-
plied in most other countries – increases the effective regulatory burden
on mills. Monthly or annual average limits allow for ‘‘peaks’’ and
‘‘troughs’’ in mill effluents, whereas daily maximums provide much less
margin for error. As a result, Canadian mills have a higher probability
of exceeding limits than do their competitors in other jurisdictions, and
may have to operate below permitted levels in order to ensure compli-
ance (Simons Consulting Group 1994: 3–4). Partly as a result of these
kinds of factors, a competitive cost analysis showed quite high costs to
Canadian firms of meeting the new standards, at least in the case of older,
smaller mills (Simons Consulting Group 1994: 10–12).
At the same time, it is important not to overstate the implications of

the new regulations for Canadian mills. Federal standards in particular
were based on levels of performance which could be achieved with the
installation of ‘‘best available technologies’’ for primary and secondary
treatment of effluents: while mills might choose to pursue other options
for compliance, regulations were not structured to require them to search
for novel means of improving environmental performance. Provincial
regulations on AOX levels were somewhat more ‘‘technology forcing’’
in nature, since these could only be met by shifting bleaching processes
to ECF or TCF methods – and/or by moving toward ‘‘closed loop’’ tech-
nologies in which all mill effluents are recycled. Even here, however, the
main implication of the new standards was the need to move toward
proven technologies for chlorine dioxide substitution – particularly since
the industry effectively lobbied against the more extreme standards (no-
tably British Columbia’s proposed ‘‘0 AOX’’ limit for 2002, which as of
the late 1990s was being quietly ignored by industry and regulatory offi-
cials alike).

Other structural influences on firm behaviour

In order to understand firms’ responses to this new regulatory climate, it
is also necessary to consider some of the broader structural features of
the industry. Three such factors are of particular importance: the strong
export-orientation of Canadian pulp and paper manufacturing; the aver-
age size and age of Canadian mills relative to those in competitor coun-
tries; and the relatively weak innovative capabilities of the industry.

Export orientation

The Canadian pulp and paper industry is highly export-oriented, with
over 80% of total shipments destined for export markets. As a result,
producers are extremely susceptible to shifts in environmental demands
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in key export markets. This is backed up by the findings of a survey of 76
Canadian forest product firms carried out by the Conference Board
of Canada in 1992 (Krajewksi 1992: 39–56). Sixty-five per cent of export-
ing firms in the sample reported that foreign environmental measures
affected their ability to access export markets. Of the foreign-market en-
vironmental measures mentioned as a barrier to market access, the most
important were regulations concerning wastepaper recycling (23%), bans
on harvesting of old-growth forests (21%), and chlorine bleaching/AOX
regulations (14%).

Pulp and paper exports are concentrated in the United States, which
accounts for approximately 60% of total exports, and 50% of total ship-
ments. For the most part, environmental standards in the United States
during the 1990s were not significantly more demanding than Canadian
standards, and in many respects were less demanding – the exception be-
ing regulations on wastepaper recycling, where United States standards
for recycled content placed Canadian firms at a competitive disadvantage
due to the greater reliance of Canadian newsprint producers on virgin fi-
bre, and the greater proximity of United States producers to major urban
centres which are the source for recycled fibre.

However, it is likely that the key constraint regarding United States
market access has not been actual regulations, but expectations of future
regulatory limits. There was considerable uncertainty about the direction
of United States regulatory policy in the mid-1990s, in particular concern
within the Canadian industry that regulations would stipulate stringent
limits on AOX levels that would be difficult for Canadian producers to
meet without converting bleached kraft pulp operations to TCF produc-
tion. In the end, the new guidelines announced by the Environmental
Protection Agency (EPA) in November 1997 included BOD, TSS and
AOX limits comparable to (or less stringent than) those in most Cana-
dian jurisdictions (see the data presented in table 4.1 above). More strin-
gent limits on AOX were included only as part of a voluntary incentives
programme. Nonetheless, there is no doubt that uncertainty about future
United States limits exerted an important influence on Canadian pro-
ducers, since Canadian regulations required them to make critical invest-
ment decisions at a time when United States regulations were still under
discussion.

European markets make up approximately 16% of total exports, or
13% of total shipments. Environmental demands are generally highest
in European markets, due to strong consumer demand and a number of
well-established eco-labelling programmes. While these market pressures
are not significant for the industry as a whole, they are a considerable
issue for firms producing market pulp. Whereas newsprint exports are
concentrated in the United States and Asian markets (with less than
10% destined for western Europe) western Europe accounts for approx-
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imately 30% of market pulp exports. Thus, environmental standards in
European markets – notably restrictions on chlorine-based bleaching –
are likely to exert considerable influence on investments by Canadian
bleached kraft pulp producers, but will be less of a factor for newsprint
and other paper producers without bleaching operations.

Competitive position

A second major issue affecting firms’ responses to regulation has been
the competitive position of Canadian producers vis-à-vis foreign compet-
itors, which is critically affected by the age and size of Canadian mills.
The Canadian industry has grown based on the availability of relatively
low-cost, high-quality fibre. But overall productivity rates have been
relatively stagnant since the 1960s, reflecting relatively low rates of new
investment and continued pressure on input and labour costs (Statistics
Canada, 1996b).
While printing- and writing-paper production and exports increased

significantly in the 1980s and 1990s, the industry is still dominated by
commodity exports which are vulnerable to competition from new paper-
producing regions with lower fibre costs. In addition, the greater average
age and smaller average scale of Canadian pulp and paper mills vis-à-vis
competitor countries has long been a source of concern. Given the gen-
eral trend in pulp and paper production to a greater scale of new mills,
new entrants generally enjoy a significant advantage in scale economies
compared to established Canadian mills. Competitiveness has also been
limited by the smaller average size of Canadian pulp and paper firms
compared to rivals. Despite Canada’s leading position as a pulp and pa-
per producer, until recently few Canadian firms have ranked among the
largest in the industry worldwide – although this has changed somewhat
in recent years due to a number of high-profile mergers and acquisitions.
Competitive pressures have been particularly significant for newsprint

producers, who in addition to smaller average mill size have also been af-
fected by changes in patterns of input supply: increases in the recycled
content in newsprint puts Canadian producers at a competitive disadvan-
tage vis-à-vis American producers, who are generally located closer to
major urban markets, which constitute the principal source of recycled fi-
bre. Partly as a result of this, newsprint production and exports have stag-
nated over the past two decades. Market pulp and other paper products,
on the other hand, have been more dynamic. Table 4.2 shows the evolu-
tion of Canada’s competitive position in the three principal product
groups. As can be seen, share of pulp exports remained largely steady at
30 to 35% over three decades, but newsprint exports as a share of world
exports fell significantly in the same period. While still much smaller in
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volume terms, Canada’s share of printing and writing paper exports al-
most doubled (Globerman et al. 1998: S30).

Overall capacity in the industry grew relatively slowly during the 1970s
and early 1980s, as a number of producers closed older, less productive
mills in the face of increased competitive pressures. Capacity has grown
somewhat more rapidly since the mid-1980s, at least for pulp and printing
and writing papers; newsprint capacity has continued to stagnate in the
face of strong competitive pressures. Even during the most recent period,
however, new investment has been oriented primarily to upgrading and
expansion of existing plants, rather than to new, greenfield investments.
Only a very small number of new mills have been built over the past de-
cades. Canadian government (federal and to a lesser degree provincial)
grant programmes have played some role in helping firms adjust to the
structural hurdles facing them – notably the age/size problems noted
above. The best-known of the programmes was the Pulp and Paper Mod-
ernization Program (PPMP), a joint federal-provincial programme which
operated between 1979 and the mid-1980s (and until 1991 in Newfound-
land) and offered capital subsidies to firms for modernization, rationaliza-
tion of production, pollution abatement, energy efficiency and develop-
ment of higher value-added products.

There has been considerable criticism of the programme in terms of its
overall cost-effectiveness, but there is little doubt that the PPMP helped
lay the foundations for compliance with environmental regulations intro-
duced in the early 1990s – at least among mills in Eastern Canada which
faced the greatest competitive and environmental threats due to their age
and size. It is unlikely that adjustment to the new regulations would have
been so widespread and rapid without the upgrading investments carried
out under the PPMP in the 1980s. Overall, weaknesses in terms of age
and the scale of mills has affected environment-related spending in two
ways. First, the cost pressures on Canadian firms (particularly newsprint
producers) have meant that they are unlikely to shoulder expensive envi-
ronmental measures unless forced to do so. As a result, the emphasis is
on relatively minor process improvements and housekeeping measures
that can produce cost savings as well as improvements in environmental

Table 4.2 Canada’s share of world exports, by volume (percentages)

1965–1974 1975–1984 1985–1994

Wood pulp 31 34.2 32.3
Newsprint 70 64.6 55.7
Printing and writing paper 7.2 8.6 13.3

Source: Globerman et al (1998: S30).
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performance. Second, more far-reaching environmental improvements
are usually linked to broader modernization programmes that increase
the scale of production. Given the large capital costs associated with pol-
lution control measures, firms have typically financed such investments
by adding capacity.

Weak innovative capabilities

Pulp and paper manufacturing is a mature industrial sector, characterized
by relatively slow advances in core process technology. Moreover, much
of the technical advance in the industry comes from outside sources of
technology and expertise – both consulting engineering firms who design
plants, and equipment manufacturers who supply specialized equipment.
These factors strongly condition the ways in which producers react to en-
vironmental regulations. This situation is particularly acute in Canada.
Most observers agree that the level of innovation in the Canadian pulp
and paper industry is low compared to that in many competitor countries:
levels of intramural R&D spending (averaging 0.4% of sales) are low by
international standards; Canadians hold few patents registered in the
paper products and paper-making fields in Canada or the United States;
employment of R&D personnel is lower than in comparable United States
or Scandinavian firms; and rates of adoption of new technologies have
been slower than in competitor countries, or other industries in Canada
(Globerman et al. 1998: S33–37; see also Science Council of Canada 1992).
Globerman and colleagues (1998, S35) argue that Canadian forest-

product firms ‘‘have simply built their competitive success on access to
high-quality fibre and an engineering focus on being cost-efficient in the
production of ‘commodity’ products’’. Levels of innovation are low, and
innovative effort is geared largely to improving product quality and costs,
rather than promoting product innovation and differentiation. The abil-
ity of the Canadian pulp and paper industry to innovate in response to
environmental pressures is also limited by the relative weakness of the
domestic equipment manufacturing industry. This industry is relatively
small in comparison to the United States and Scandinavian countries,
and is dominated by branch offices of foreign-controlled firms. Partly as
a result of this, there has been little development of the strong supplier-
user linkages witnessed in countries like Finland.
The pulp and paper equipment industry grew significantly during the

1980s, but remains small in global terms (approximately 50 firms and
C$250 million in sales in 1990). Most of the growth during the 1980s
came as a result of increased exports from a small number of specialized
suppliers – there is no evidence that linkages with Canadian pulp and
paper firms have improved over the period, and there are no inter-
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corporate holdings or alliances for technology development between
equipment suppliers and pulp and paper firms. At the same time, how-
ever, the Canadian industry does have strengths on which to draw in its
efforts to adapt to environmental pressures. While the domestic manufac-
turing base is weak, the service sector (consulting engineering companies,
monitoring services) is much better developed. Canadian consulting engi-
neering companies are strong, and in a number of cases are among the
world leaders in pulp and paper mill design and engineering – including
in the environmental field. Even more importantly, a well-developed
structure of collaborative research provides a strong basis for adaptation.
The principal institution in this regard is the Pulp and Paper Research In-
stitute of Canada (Paprican), a collaborative research body linked to the
Canadian Pulp and Paper Association. The institute, which has a current
budget of approximately C$40 million annually, is funded primarily by
contributions from member companies (about 75% of total revenue,
with contributions levied on a per-ton of output basis).

Paprican is generally seen as an example of a successful industry-led
research consortium. Its success is due in part to the highly export-
oriented nature of the Canadian industry, which means that member
companies view foreign producers as their principal rivals; this, plus the
relatively standardized nature of pulp and paper technology, mean that
the scope for collaboration in pre-competitive research is relatively large
(Potworowski 1994: A-13). Paprican accounts for a significant share of
total R&D activity in the industry, with active programmes in the areas
of product quality and value, cost-competitiveness issues, and environ-
mental performance. The institute has played a key role in research in
the environmental field, supporting research to identify toxins in pulp
mill effluents, and (more recently) on process closure for bleached kraft
pulp plants. Despite the important role of Paprican, it appears likely
that the primary direction of innovation in the Canadian industry in
response to environmental pressures will be continued application of
imported abatement and control technologies, coupled with incremental
improvements in the efficiency of existing operations – what one report
refers to as an ‘‘adopt and adapt’’ strategy (Science Council 1992: 17).
More ambitious programmes, like Paprican’s work on closed-cycle tech-
nologies are promising, but had not yet resulted in commercial applica-
tions at the time of this research, and were not a factor in adjustment by
industry to new regulatory pressures. There have been some more major
technical breakthroughs in the industry – notably pioneering work on
closed-cycle processes for thermo-mechanical pulp (TMP) production by
Millar Western and others, and Repap’s work on solvent-based pulping
processes – but these are exceptions to the general pattern of innovation
in the industry.
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Environmental regulation and innovation: Two narratives

How then did Canadian firms adapt to the new regulations announced in
the mid-1990s? How successful were the regulations in spurring environ-
mental improvements in pulp and paper mills? And to what extent did
the regulations result in innovations by the industry? In order to respond
to these questions, data were assembled from a variety of sources. First,
secondary data from industry sources and regulatory agencies provided
an overall picture of environment-related investments by the industry,
and trends in environmental performance. Second, a mail questionnaire
was administered to senior executives of pulp and paper firms in the fall
of 1997, soliciting a mixture of firm- and mill-level data on environmental
performance and investments. A total of 34 firms, representing 56 mills,
responded to the survey – which represents approximately 48% of the
mills subject to the 1992 federal regulations. Finally, questionnaire re-
sponses were coded to ensure anonymity of respondents, and then
matched with additional mill-level data on the environmental perfor-
mance of mills circa 1987 (prior to the entry into force of the new reg-
ulations), on the estimated costs of compliance with regulations (as cal-
culated in background studies commissioned as part of the process of
developing the new regulations), and on environmental performance of
mills circa 1996 (the deadline for compliance with the new regulations).
The result is an extremely rich base on which to assess the influence

of regulatory and non-regulatory factors on mill-level decision-making.
Most existing studies focus on a single parameter to assess the environ-
mental performance of firms (either pollution abatement expenditures
or, less frequently, data on effluent levels themselves). In this case, the
mix of survey and other data allow us to assess not only patterns of
environmental investment, but also absolute levels of environmental per-
formance, and relative changes in environmental performance of mills
compared to pre-regulatory levels. Moreover, data on the anticipated
costs of compliance permit a more sophisticated analysis of the regula-
tory burden facing individual mills than is the case in most existing
studies, which generally either assume uniform regulatory pressures on
firms across the industry, or use other variables (such as age of mills) as
proxies for regulatory burden. There are some gaps in the availability
of information – notably the lack of data on AOX levels at individual
mills (since AOX data is not monitored by federal regulatory officials).
Similarly, there are slight biases in the sample of reporting firms (over-
representation of firms from Western versus Eastern Canada) but these
are not sufficient to call into question the overall analysis.4 Given the na-
ture of the data used, the analysis focuses on the main period of adjust-
ment to new regulations, up to 1996, but does not deal with more recent
changes by firms.
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Narrative 1: Compliance and limited innovation

A first reading of the industry’s response to new regulatory pressures
squares easily with existing theoretical and empirical literature. Regula-
tions spurred a significant wave of investment by pulp and paper firms,
and resulted in rapid decreases in effluent levels. But investments were
heavily weighted toward end-of-pipe controls, and there is little evidence
that regulatory pressures resulted in increased R&D spending, develop-
ment of new technologies, or strengthening of intra-firm technological
capabilities.

The first and most obvious aspect of the industry’s response to new
regulations was a significant increase in levels of investment. Pollution
abatement expenditures – which had been below C$100 million during
the mid-1980s – rose rapidly beginning in the late 1980s, and averaged
more than C$700 million annually between 1990 and 1996. Spending
peaked in 1996 at over C$1 billion, but declined thereafter, presumably
reflecting the fact that deadlines for compliance with new federal regula-
tions had passed. Statistics Canada figures show that the pulp and paper
industry accounted for almost 40% of total capital expenditures on pollu-
tion abatement and control by all Canadian industry in 1995 (Statistics
Canada 1998), compared to an average of approximately 20% during
the latter half of the 1980s (Gagnon 1996: 13). Moroever, pollution
abatement and control expenditures absorbed an increasing percentage
of overall capital spending by the pulp and paper industry, rising from 1
to 3% annually during the mid- to late 1980s to 10 to 15% annually during
the 1990s (Gagnon 1996: 14). As a result of these investments, average
effluent levels also fell sharply, as table 4.3 shows. Reductions in dioxin
and furan emissions were particularly striking, with overall emissions be-
ing essentially eliminated over a 10-year period; the main drop occurred
at the beginning of the decade as mills took action to meet expected
regulatory requirements by reformulating defoamers and ceasing the use
of treated woodchips. AOX levels fell dramatically as well, reflecting the
speed at which bleached kraft pulp producers have phased out the use of
chlorine in favour of chlorine dioxide (see also Parsons and Luthe 1995).
Biological oxygen demand and TSS levels fell less rapidly, although BOD
levels dropped markedly in 1996 as a number of new secondary-treatment
facilities came on stream due to the requirement for all mills to meet
federal regulations by 31 December 1995. As of 1996, average BOD and
TSS levels were well below federal regulatory guidelines. The drops in
effluent levels between 1988 and 1996 were particularly striking given
that there was relatively little greenfield investment in new pulp mills
during this period; reductions thus primarily reflect efforts to improve
the performance of existing mills, rather than changes in the average age
of plants due to the entry into production of new mills.5

CANADIAN PULP AND PAPER INDUSTRY 127



Equally importantly, improvements in effluent levels appear to be gen-
eralized across the industry. Environment Canada data on compliance
with 1992 CEPA regulations during the 1992–1994 period show a 99%
compliance rate for traditional pollutants (BOD, TSS and acute lethal-
ity), and a 93 to 99% compliance rate for dioxins and furans (Environ-
ment Canada 1998).6 Compliance data for 1996 show similarly high levels
of compliance across most firms.7 Questionnaire responses also sug-
gest that regulations had a considerable impact on patterns of invest-
ment and environmental performance in respondent firms. ‘‘Domestic
regulations’’ were rated as by far the most important determinant of
environment-related investments by firms, far in excess of other factors
such as export market demand, pressures from parent or partner firms,
expected cost savings, or corporate image.
Of the 34 respondent firms, 21 (61.8%) introduced new investment

plans specifically in response to the new regulations announced in the
mid-1990s, and a further 11 firms (32.4%) changed existing investment
plans to respond to the new regulations. Only a minority of firms stated
that regulations had no impact on their operations (seven responses) or
could be met through previously planned investment programmes (six
responses). Perhaps more importantly, there is little evidence of ‘‘defen-
sive’’ reaction to the regulations: only two firms noted that mills were
closed as a result of the regulations, and one respondent noted that pro-
duction levels at one of its mills had been decreased in order to comply
with regulatory limits on effluents. (Note that respondents in some cases
indicated more than one response, such that totals exceed 100%.)
Analysis of levels of environmental spending and performance at indi-

vidual mills provides further evidence of the impact of regulations. Levels
of environmental spending are strongly correlated with the degree of

Table 4.3 Trends in effluent levels of Canadian pulp and paper mills

Biochemical
oxygen demand,
BOD5 (kg/adt)

Total suspended
solids, TSS
(kg/adt)

Adsorbable
organic halides,
AOX (kg/adt)

Dioxins and
furans (g/year)

1988 26.3 10.0 4.8 360
1989 25.4 10.0 3.9 190
1990 22.9 9.0 3.4 120
1991 20.0 8.0 2.4 17
1992 16.5 7.0 1.8 12
1993 15.2 6.0 1.3 6
1994 13.3 6.0 1.0 2
1995 11.0 5.0 0.9 n.m.
1996 2.6 4.0 0.6 n.m.

Source: Canadian Pulp and Paper Association, Reference Tables, various years.
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regulatory burden facing individual mills (i.e., the estimated costs of com-
pliance with federal regulations); the only other factor that strongly ex-
plains abatement expenditures is the export orientation of mills (percent-
age of output destined for western European markets). Meanwhile, levels
of environmental performance (BOD and TSS levels in 1996) are strongly
correlated with the stringency of (provincial) regulations facing mills, but
largely unrelated to estimated costs of compliance. This suggests that
mills geared their investment programmes to meet varying regulatory
limits in different jurisdictions; it further suggests that regulations worked
to reduce the gaps between ‘‘leading’’ and ‘‘laggard’’ firms, rather than
promoting ongoing improvements by leading firms. (Somewhat surpris-
ingly, while export orientation is correlated with levels of abatement ex-
penditure, it is not correlated with levels of environmental performance.
This is presumably due to the fact that mills exporting to western Europe
concentrated on changes to bleaching sequences to reduce AOX levels,
which are not monitored by federal regulatory officials). On the other
hand, both secondary-source and questionnaire data confirm that the
primary impact of regulations was to spur the adoption of end-of-pipe
control technologies. Abatement expenditures focused in particular on
the installation of primary and secondary-treatment facilities for liquid
effluents, with end-of-pipe expenditures accounting for over 80% of all
investments in 1995 (Statistics Canada 1998: 20).

A similar picture emerges from questionnaire data. Over 75% of re-
spondents indicate installation of new or upgraded secondary treatment
systems for liquid effluents; 40% new or upgraded primary treatment
systems; and over 60% reported investments to improve the handling or
disposal of solid wastes. In contrast, no internal process changes were re-
ported by a majority of respondents, other than relatively simple house-
keeping measures and improvements in process control. Finally, there is
little evidence that regulations had an impact on the process of innova-
tion within respondent firms and mills. As noted above, only a minority
of firms introduced new product or process technology in response to
environmental demands, and almost none reported that regulations re-
sulted in improvements to in-house R&D or engineering capabilities.
Even where firms introduced innovations, these have primarily been rel-
atively simple changes in product technology (recycled paper products)
rather than more complicated process innovations which hold out the
promise of longer-term improvements in environmental performance.
Only 21 firms (62%) reported carrying out any environment-related
R&D: of this group, only slightly more than half indicated that this had
increased as a percentage of total R&D spending over the previous five
years. Again, this reflects the weak innovative capacities of the industry
discussed earlier.
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Overall intramural R&D spending by the industry was stagnant dur-
ing the first half of the 1990s (Statistics Canada 1996c) and leading
firms closed in-house R&D facilities. To the extent that environmental
regulations spur innovation, this is likely to occur not because of break-
throughs by individual firms, but instead as a result of incremental
improvements at the mill level, and because of indirect impacts on suppli-
ers. Unfortunately, solid data on this last point is not available. This read-
ing, therefore, suggests that regulations primarily worked by stimulating
the adoption of proven ‘‘best practice’’ control technologies. They signi-
ficantly narrowed the gap between leading and laggard firms, and in
so doing dramatically changed the overall environmental performance
of the industry. But regulations were not sufficient to overcome some
of the structural weaknesses of the Canadian industry with regard to
innovation.

Narrative 2: Moving beyond compliance?

A slightly different reading emerges, however, when we focus attention
on those firms that went beyond strict regulatory limits. While the dollar
value of investments has been dominated by end-of-pipe treatment tech-
nologies, most firms also introduced at least some (minor) internal pro-
cess changes, with a significant minority undertaking more significant
process changes. Moreover, many firms went well beyond compliance in
terms of their environmental performance, with effluent levels well below
limits mandated by the new regulations. This reading thus takes a slightly
different outlook on the nature of changes introduced by Canadian pulp
and paper firms, and on the way in which regulatory factors have inter-
acted with other, structural influences of firms’ behaviour.
As noted earlier, secondary data indicate that abatement expenditures

by the industry were heavily weighted toward end-of-pipe. In part,
however, this reflects the tremendous capital investment involved in
secondary-treatment facilities, and may thus understate the extent to
which firms have also sought out solutions through internal process
changes or better ‘‘housekeeping’’: in their responses to a Statistics Can-
ada survey, 61.9% of pulp and paper firms indicated investing in end-of-
pipe controls – but almost as many reported investments in integrated
process changes (50.9%), and a significant number mentioned im-
proved control of operations (42.1%). Frequency of investments in inte-
grated process changes was highest out of the 13 industrial sectors sur-
veyed (Statistics Canada 1998: 34). Again, questionnaire data shows a
similar picture. While investments were weighted toward end-of-pipe
control measures, a significant minority of respondents did undertake
various types of in-plant changes with, in each case, 30 to 40% of re-
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spondents reporting increases in the use of recycled fibre, improvements
in the energy efficiency of machinery, improved fibre and/or chemical re-
covery or changes to bleaching sequences. Even if we set aside the rela-
tively simple improvements in housekeeping and process control, the vast
majority (87.5%) of respondent mills did report undertaking at least one
type of internal process change between 1990 and 1996. Rather than opt-
ing for internal or end-of-pipe solutions alone, most mills appear to have
combined both types of investments, as they struggle not only to ensure
compliance with regulations, but also to control production costs and en-
sure market access.

As noted earlier, firms in most cases had to finance the costs of end-of-
pipe controls by adding productive capacity – which in turn meant mod-
ernizing equipment and phasing out older, less competitive pulping lines.
Thus, while there is little evidence of radical innovations by the industry
in response to regulatory pressures, neither is it entirely accurate to state
that firms’ responses were limited to end-of-pipe compliance measures.
In some cases, process changes were significant – such as the widespread
shift by bleached kraft producers to ECF or TCF methods, and the large
number of newsprint producers who phased out older mechanical pulp-
ing lines in favour of new TMP or CTMP processes. Even in these cases,
however, firms chose to adopt relatively standard, proven technologies.
This second reading also provides a somewhat different picture of the in-
terplay between regulatory and non-regulatory factors influencing firms’
behaviour.

Two factors are particularly important here: first, the competitive posi-
tion of individual mills; and, second, the in-house resources and capabil-
ities available to firms in terms of R&D capabilities and previous expe-
rience with environmental management systems. The nature of process
changes undertaken was critically affected by the overall competitive
challenges facing firms. Thus, bleached kraft pulp manufacturers, facing
new restrictions on access to European and other markets, overwhelm-
ingly invested in chlorine dioxide substitution to produce elemental
chlorine-free pulp. Of the 21 kraft producing mills in the sample, 19
had opted to produce ECF pulp, with three mills also investing in TCF
technology.

For newsprint manufacturers, on the other hand, the main competi-
tive pressure was production costs, with smaller, older Canadian mills
at a disadvantage vis-à-vis their United States competitors. Environmen-
tal regulations – and hence the need to shoulder the costs of effluent
treatment – merely added to this competitive pressure, with the result
that a significant number of firms chose to convert older, smaller facilities
by introducing newer, larger and more efficient pulping technology. This
underlines the close links between the environmental and competitive
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pressures facing firms: environmental regulations have worked not simply
by placing new demands on firms, but also by accentuating some of the
underlying competitive challenges facing them. The high rates of compli-
ance for the industry lend support to arguments by Sinclair (1991) and
others that earlier estimates of the negative impact of regulations on the
economic viability of firms may in fact have been over-stated. Despite in-
dustry’s claims in the run-up to the new regulations, few if any mills have
shut down as a direct impact of the regulations.
The relatively strong industry response was no doubt aided by some of

the broader conditions prevailing in the industry. In the first place, a
number of the oldest and least competitive mills (particularly in the
newsprint subsector) were shut down in the period before the entry into
force of the new regulations, due in particular to low pulp prices in the
1980s and increased competition from lower-cost de-inking operations
producing newsprint from recycled fibre – which had in turn been given
a boost by regulations stipulating minimum recycling rates (Tremblay
1994: 83). Given that pollution loads are generally strongly correlated
with age and the production efficiency of mills, this presumably eased
the overall burden of compliance for the industry. Moreover, high pulp
and newsprint prices in the 1993–1995 period facilitated financing of
new environment-related investments. Neither regulatory nor competitive
pressures alone, however, appear sufficient to entirely explain the process
of adaptation by individual firms. Prior investments in R&D by the indus-
try appear to have also played an important role. Thus, for example, col-
laborative research on bleached kraft effluent by Paprican set the stage
for changes introduced in the 1990s, and helped stave off pressures for
complete elimination of chlorine.
Also important were the in-house resources and capabilities available

to individual firms. Analysis of questionnaire data shows that in addition
to being linked to the stringency of (provincial) regulations, levels of en-
vironmental performance by respondent mills in the wake of regulations
are also correlated with two other factors: firms’ overall commitment to
and experience with environmental management (as indicated by the na-
ture of environmental reporting by the firm); and the extent to which the
firm reported in-house R&D spending. Even when other factors like firm
and mill size and ownership are taken into account, these correlations re-
main relatively strong. (See tables 4A.1 and 4A.2 for presentations of bi-
variate and partial correlation coefficients.) This result suggests that the
ability of firms to respond efficiently to regulatory and market pressures
is critically dependent on the in-house resources available to them, and
the capabilities acquired by the firm in its past activities. Even in a case
like the Canadian pulp and paper industry, where innovation has been
slow and dependent on outside sources of technology, the gradual build-
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up of innovative skills and abilities is a key factor in smoothing the adap-
tation to environmental pressures.

Conclusions and policy implications

Ultimately, of course, these two narratives are complementary rather
than contradictory. Together, they suggest that regulations did not result
in the development of innovative new solutions by Canadian pulp and
paper firms or domestic equipment suppliers, but were successful in spur-
ring the diffusion of proven technologies.

The ability of firms to adapt to new environmental pressures, mean-
while, was critically affected by two factors. First, the competitive situa-
tion of the industry (notably high pulp prices and a prior phasing out of
uncompetitive mills) eased the investment burden facing firms, with the
result that firms were less likely to follow defensive strategies, and more
likely to pursue far-reaching investment programmes. Second, the ability
of firms to achieve superior levels of environmental performance appears
to be linked to prior investments in environmental management and in
R&D, both within individual firms and in industry-financed R&D consor-
tia. Overall, then, this case suggests that environmental regulations can
be remarkably effective in promoting diffusion of proven technologies –
particularly where market conditions are supportive of new investments,
and where there is a base of in-house technological capability to ease the
process of adaptation.

Would an alternative approach to environmental policy that provided
firms with more flexibility in the nature and timing of responses (emis-
sions taxes, negotiated compliance schedules or ‘‘covenants’’) have re-
sulted in a greater degree of innovation by the industry? In at least one
case, a firm did shelve plans for innovative process changes because of
the need to comply with regulatory timetables. Overall, however, there
is little reason to expect radical innovation in response to alternative pol-
icy measures, given the weakness of the Canadian pulp equipment manu-
facturing base, and the previous response of the industry to ‘‘negotiated’’
compliance schedules. Rather than looking for a ‘‘better’’ environment to
promote innovation, this case suggests that it may be more productive to
examine the ways in which innovation policy can increase the effective-
ness of environmental regulations. In other words, rather than expecting
environmental policy to ‘‘do the heavy lifting’’ of promoting innovation,
the opposite may be true. At least in this case, adaptive R&D invest-
ments by the industry – stimulated in part by deliberate public policy –
were a critical factor permitting firms to adjust to new environmental
regulations.
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Table 4A.1 Determinants of environmental behaviour and performance
(Bivariate correlation coefficients)

Dependent variables

Independent
variables

Pollution
abatement and
control
expenditures per
ton of output

Percentage
reduction in
combined BOD
and TSS levels
between 1987
and 1996

Environmental
performance, ca.
1996 (based on
combined BOD
and TSS levels)

Regulatory
stringency
(Stringency of
provincial
regulations)

.1539
(52)
P ¼ .276

.3712
(51)
P ¼ .007

.4219
(56)
P ¼ .001

Regulatory burden
I (Estimated
control costs to
meet BOD and
TSS limits)

.2656
(51)
P ¼ .060

.2961
(51)
P ¼ .035

.0002
(55)
P ¼ .999

Regulatory burden
II (Estimated
control costs to
meet BOD, TSS
and dioxin/furan
limits)

.3239
(51)
P ¼ .020

.2288
(51)
P ¼ .106

�.0619
(55)
P ¼ .653

Export orientation
(Percent of 1996
output exported
to western
Europe)

.3264
(42)
P ¼ .035

�.0513
(42)
P ¼ .747

.0028
(46)
P ¼ .985

Foreign ownership �.0792
(49)
P ¼ .589

�.1855
(49)
P ¼ .202

�.0633
(53)
P ¼ .652

Firm size (Log of
total employment,
1996)

�.1575
(49)
P ¼ .280

.2434
(48)
P ¼ .096

.3545
(53)
P ¼ .009

Mill size (Total
production
capacity ca. 1990,
t/day)

.0292
(52)
P ¼ .837

�.1188
(51)
P ¼ .406

�.1980
(56)
P ¼ .143

R&D expenditures
ca. 1996

�.2826
(52)
P ¼ .042

.0571
(51)
P ¼ .691

.2957
(56)
P ¼ .027

Commitment to
environmental
management
(Environmental
reporting by firm)

.1196
(51)
P ¼ .398

.1121
(51)
P ¼ .433

.3012
(56)
P ¼ .024
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Notes

1. The acute lethality parameter is peculiar to Canada as a measure of toxicity. It involves a
test in which rainbow trout fingerling are exposed to effluent, and survival rates over a
96-hour period are measured. The test is still used in the latest 1992 regulations, although

Table 4A.2 Determinants of environmental behaviour and performance
(Partial correlation coefficients, controlling for all other independent variables)

Dependent variables

Independent
variables

Pollution
abatement and
control
expenditures per
ton of output

Percentage
reduction in
combined BOD
and TSS levels
between 1987
and 1996

Environmental
performance, ca.
1996 (based on
combined BOD
and TSS levels)

Regulatory
stringency
(Stringency of
provincial
regulations)

.2798
(26)
P ¼ .149

.3518
(26)
P ¼ .066

.6417
(26)
P ¼ .000

Regulatory burden
I (Estimated
control costs to
meet BOD and
TSS limits)

.3084
(26)
P ¼ .110

.2053
(26)
P ¼ .295

.0449
(26)
P ¼ .821

Export orientation
(Percent of 1996
output exported
to western
Europe)

.3904
(26)
P ¼ .040

�.0622
(26)
P ¼ .753

�.2969
(26)
P ¼ .125

Foreign ownership �.1654
(26)
P ¼ .400

�.0298
(26)
P ¼ .880

.1034
(26)
P ¼ .601

Firm Size (Log of
total employment,
1996)

�.4221
(26)
P ¼ .025

.1801
(26)
P ¼ .359

�.2256
(26)
P ¼ .248

R&D expenditures
ca. 1996

.0251
(26)
P ¼ .899

�.0734
(26)
P ¼ .711

.3452
(26)
P ¼ .072

Commitment to
environmental
management
(Environmental
reporting by firm)

.2792
(26)
P ¼ .150

.0288
(26)
P = .884

.3942
(26)
P ¼ .038
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there has been criticism that its relevance as a measure of the toxicity of effluents is lim-
ited (Stanbury 1993: 8–9).

2. The relevant provincial regulations are as follows:
Alberta: Environmental Protection and Enhancement Act, June 1992 (Alberta has not

issued specific regulations specifying characteristics of pulp mill effluents; instead, these
are established on a mill-by-mill basis and regulated through licenses to operate.)
British Columbia: Environmental Protection Act, 1994; and Pulp Mill and Pulp and

Paper Mill Liquid Effluent Control Regulations, December 1990
Ontario: Environmental Protection Act, 1990. Control orders for all bleached kraft

mills were issued in 1989, setting limits on BOD, TSS and AOX; limits were revised and
extended to all pulp and paper mills in November 1993.
Quebec: Regulations Respecting Pulp and Paper Mills, October 1992, issued under the

Environmental Quality Act
Remaining provinces have not set limits independent of federal regulations. For an

overview, see Simons Consulting Group 1994: Appendix 1.
3. The somewhat tighter timetable for compliance with dioxin and furan regulations (in

comparison with limits on traditional pollutants) reflected the fact that many pulp mills
had already undertaken early action to reduce chlorine use, reformulate defoamers and
cut use of contaminated woodchips. At the time of promulgation of the new regulations,
approximately 60% of affected mills were in compliance with the dioxin/furan limits,
compared to perhaps one-quarter of mills that complied with new BOD/TSS limits.

4. One point to consider is that the sample may be weighted toward stronger environmental
performers and/or to firms facing lower levels of regulatory burden, who might presum-
ably be more willing to respond than those facing higher costs of complying with regula-
tions. Estimates of costs of compliance do show some variation between the sample mills
and the industry as a whole. However, this is largely explained by the presence in the
sample of four new mills constructed since the 1980s (for which compliance costs were
estimated to be zero). Once this is controlled for, differences are not significant.

5. Biological oxygen demand and TSS levels also fell dramatically during the 1960s and
1970s. In this case, however, much of the reduction occurred as a result of the entry into
production of new mills and the resulting drop in the average age of mills.

6. These compliance rates are based on the number of exceedances as a percentage of all
tests performed. They somewhat overstate the compliance rate for the acute lethality
test, since this parameter is measured only once per month, as opposed to three weekly
measurements of TSS and BOD levels. Even in 1996, a sizeable number of mills still
failed to pass all acute lethality tests.

7. Two mills in British Columbia had short-term problems with their effluent treatment sys-
tems (since remedied) which caused them to exceed limits temporarily. Two other mills
were out of compliance because of delays in installing treatment systems, but have since
undertaken necessary investments (one of the mills was late in installing treatment equip-
ment, and was fined under the terms of CEPA; the other mill experimented unsuccess-
fully with zero discharge process but abandoned this because of scaling problems and in-
stalled a secondary-treatment facility). Only one mill was consistently out of compliance
with federal regulations.
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5

Toward a theory of innovation
and industrial pollution:
Evidence from Mexican
manufacturing

Kevin P. Gallagher

This chapter discusses how environmental conditions in Mexico are wor-
sening in part because of a lack of capacities for linking Mexico’s Na-
tional Innovation System (NIS) with environmental policymaking and
for a lack of innovation-based environmental policy in general. Interest-
ingly however, this chapter will show that by no design of government
policy, a few exceptional cases have occurred whereby new investment
in Mexico has resulted in the deployment of less-pollution-intensive tech-
nology. Indeed, in some sectors Mexico is less pollution intensive than its
counterparts in the United States. Based on these observations in Mexi-
can industry, a theoretical framework is put forth that draws on Nelson’s
(1981) observations on technological change. Implications for innovation
and environmental policy are then discussed for Mexico and other devel-
oping countries.

Integration, growth and innovation in Mexico

The case of Mexico offers many lessons for current discussions regarding
economic integration and sustainable development because Mexico has
a very long history of economic integration. Whereas many nations are
just now considering a deep level of integration into the world economy
through regional or bilateral arrangements, or through agreements of the
World Trade Organization (WTO), Mexico began liberalizing its econ-

138



omy in 1985 and is now one of the more open economies in the world.
This transformation has had a profound effect on Mexico’s National In-
novation System. Mexico’s transformation to openness occurred through
four rather dramatic policy changes.

First, in response to deep macroeconomic crises and pressure from in-
ternational monetary institutions, in 1985 Mexico embarked on what it
called its ‘‘apertura’’ (openness in English) policy where it began lower-
ing tariffs for the first time in many years. Second, in 1986 Mexico joined
the General Agreement on Tariffs and Trade (GATT) and became
actively engaged in the Uruguay Round negotiations. Third, Mexico es-
tablished its ‘‘El Pacto’’ policy in 1988 – an economic pact between the
government, private industry and some labor organizations to stabilize
prices and to further liberalize trade and investment. The capstone of
these efforts came in 1994 with the passage of the North American Free
Trade Agreement (NAFTA). Fourth, Mexico entered into the Organiza-
tion of Economic Cooperation and Development (OECD) in 1995 and
since then has negotiated over 20 other free trade agreements with other
countries. In the minds of Mexico’s policymakers, economic integration
would attract foreign direct investment and increase exports, which
would translate into economic growth and rising standards of living. Mex-
ico’s strategy of economic integration has performed remarkably well in
terms of controlling inflation and increased foreign investment and ex-
ports. Mexico’s export profile was radically transformed as these policies
were being implemented.

During the 1970s and early 1980s the engine of growth in the Mexican
economy was crude oil exports, which were as high as 80% of total ex-
ports in the early 1980s. By the year 2000, oil exports had fallen to less
than 10% of total exports – oil exports were being replaced with manu-
factured exports. Today, manufactured exports comprise close to 85% of
all Mexican exports (Gallagher and Zarsky 2004). However, this trans-
formation is yet to translate into rising incomes. Between 1994 and 2002,
GDP grew at an average rate of 2.7% per year. Gross domestic product
growth in the 1990s was less than half the 6.7% average growth rate
under the policies of the 1970s. In per capita terms, Mexico has grown
less then 1% per annum since 1985 (World Bank 2003).

What accounts for this poor performance? Economists point to a vari-
ety of factors, such as continued macroeconomic instability due to grow-
ing deficits in both foreign and domestic accounts. One of the most cited
reasons is the contraction of domestic investment or gross fixed capital
formation. (Mattar, Moreno-Brid and Wilson 2002). Between 1994 and
2002, total annual investment as a percentage of GDP averaged 19.4%,
down from almost 22% in the 1970s. However, the share of foreign direct
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investment (FDI) in total investment more than doubled, rising from 5.4%
between 1981 and 1993, to 12.6% between 1994 and 2002 (Gallagher and
Zarsky 2004; Gallagher 2004).
Secondly, Mexico’s low-wage competitiveness has begun to slide. Ac-

cording to the World Competitiveness Yearbook, Mexico fell from thirty-
fourth place in 1998 to forty-first in 2002. Another index, from the World
Economic Forum, shows that Mexico slipped from forty-second to forty-
fifth place from 2000 to 2002. Similarly, the Microeconomic Competitive-
ness Index reports a fall in Mexico’s position from number forty-two
in 1998 and 55 in 2002. Falling competitiveness has been attributed to
three factors: the economic slowdown in the United States, the relative
strength of the peso, and other factors such as the emergence of China’s
entry in the WTO (CSIS 2003; Gerber and Carillo 2003).
In line with the current focus in numerous countries to view growth as

being a product of the national innovation system (NIS), Mexico’s Na-
tional Council for Science and Technology (CONACYT) recently com-
missioned an assessment of the state of Mexico’s NIS in the context of
the nation’s new economic model (Cimoli 2000). Nelson (1992) defines
an NIS as ‘‘a set of institutions whose interactions determine the innova-
tive performance of national firms’’. CONACYT draws on an extension
of Nelson’s concept by Metcalfe (1995) whereby an NIS is defined as ‘‘a
set of institutions which jointly and individually contribute to the devel-
opment and diffusion of new technologies and which provide the frame-
work within which governments form and implement policies to influence
the innovation process’’. The Mexican assessment finds that the following
five factors have caused Mexico’s NIS to perform quite poorly:
a) Macroeconomic instability in the form of exchange rate and infla-

tionary volatility has affected Mexico’s NIS at every level. This has forced
many small and medium-sized enterprises to adopt an extremely cautious
and short-term investment agenda that gives little room for innovation.
b) Low technological opportunities have arisen from the fact that

Mexico’s static comparative advantage has been in a level of specializa-
tion that is an assembly-oriented production system.
c) Poor R&D efforts. Spending on R&D in Mexico is a mere 0.58% of

manufacturing value added, compared to over 3% in the United States.
d) Globalization of production and low contribution to local R&D.

Economic integration has resulted in Mexico importing the vast majority
of its technology and inputs. In addition, reforms have resulted in a dom-
inance of foreign firms that make little contribution to local R&D efforts.
e) Low interaction of science sectors with local institutions such as uni-

versities and sector-level associations.
The authors of the study fault government policymakers for assuming
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that technological innovation would automatically arise from integration
policies. Mexico’s more protectionist period resulted in a very high de-
gree of local domestic linkages but also a fairly low level of international
competitiveness and production capacity. Under integration, Mexico’s
local linkages have been all but lost. In return, Mexico has gained inter-
national competitiveness and is home to numerous exporting firms with
large production capacities. As for increasing Mexico’s innovative capaci-
ties, the challenge for the policymakers is to maintain competitiveness
and production capabilities while building the technological capabilities
of local firms (Cimoli 2000).

Economic integration and environment in Mexico

The context set by the members of the innovation assessment is also the
context under which Mexico has developed its environmental policy. As
in the case of technology policy, during the NAFTA negotiations propo-
nents of the agreement argued that free trade would lead to seemingly
automatic improvements in environmental conditions in countries like
Mexico. Opponents of NAFTA said that the environment would auto-
matically worsen in Mexico because Mexico’s lower standards would at-
tract highly polluting firms from the United States to locate there, provid-
ing, in effect, a pollution haven for US industry. The proponents were
generalizing from the so-called ‘‘environmental Kuznets curve’’ (EKC)
hypothesis. The name derives from an analogy to the original Kuznets
curve – the theory that growth in per capita income over time first in-
creases inequality, then later decreases it.

Studies in the early 1990s reported a similar relationship between envi-
ronmental degradation and levels of income: environmental degradation
may sharply increase in the early stages of economic development, but
the rise in per capita income past a certain ‘‘turning point’’ seemed to
gradually reduce environmental damage. Economists hypothesized that
environmental improvement beyond the turning point happened for
three reasons. First, multinational corporations that invest in developing
countries bring more advanced, environment-friendly technologies to
the developing world. Second, development itself causes structural shifts
toward services and other less pollution-intensive economic activities.
Finally, increasing income would eventually lead to higher levels of envi-
ronmental awareness, which would translate into more stringent environ-
mental policies as the growing middle class demanded a cleaner environ-
ment (Grossman and Krueger 1993). Early EKC studies suggested the
turning point at which economies would begin to get more environmen-
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tally benign was a per capita income of approximately US$5,000. This led
to the policy prescription now prevalent in many negotiating rooms: the
environment can wait, since economic growth will eventually (and natu-
rally) result in environmental improvement. More recent studies, how-
ever, have called into question both the specific findings and the broad
generalizations from these early EKC studies (Stern 1998).
Mexico reached US$5,000 GDP per capita in 1985, precisely the year it

began opening its economy. The analysis in this chapter, however, shows
that subsequent rises in income have been small and environmental deg-
radation has been large. Statistics from Mexico’s National Institute for
Statistics, Geography and Information Systems (INEGI) document how
environmental degradation has taken a big bite out of the benefits of
trade-led economic growth in Mexico. First, since 1985 real incomes
in Mexico have grown at less than 1% annually. Second, according to
INEGI, every major environmental problem has worsened since trade
liberalization began in Mexico. Despite the fact that Mexico reached
levels of income beyond the range of a predicted EKC turning point,
national levels of soil erosion, municipal solid waste and urban air and
water pollution rose quite dramatically from 1985 to 1999. According to
these data, rural soil erosion grew by 89%, municipal solid waste by
108%, water pollution by 29% and urban air pollution by 97%. Regres-
sion analyses have shown that there is no sign of a turning point for these
environmental indicators in Mexico (Gallagher 2004). These results have
been costly to Mexico’s prospects for development. The INEGI studies
estimate the financial costs of environmental degradation at 10% of GDP
from 1988 to 1999, an average of US$36 billion of damage each year ($47
billion for 1999). The destruction overwhelms the value of economic
growth, which has been just 2.5% annually over the same period, or
US$14 billion per year (INEGI 2000).
Is the Mexican environment worsening because Mexico is serving as a

pollution haven for highly polluting industries in the United States? Nu-
merous studies have tested for pollution havens in Mexico but none have
found evidence. If one were to find Mexico to be a pollution haven, one
would expect that the amount of pollution-intensive industry would de-
crease in the United States and increase in Mexico after NAFTA. Gal-
lagher (2004) finds that the amount of dirty industry decreased more in
Mexico than in the United States. A number of other studies have at-
tempted to empirically test whether the evidence of pollution havens in
Mexico has become widespread and have come to similar conclusions.
Grossman and Krueger (1993) performed the only such study during the
NAFTA debates.
In a cross-industry comparison of data in one year, 1987, the authors

tested whether pollution abatement costs in United States’ industries
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affected imports from Mexico, as one would expect if Mexico was a pol-
lution haven relative to the United States. They found the impact of
cross-industry differences in pollution abatement costs on United States
imports from Mexico to be positive, but small and statistically insignifi-
cant. Indeed, traditional economic determinants of trade and investment,
such as factor prices and tariffs, were found to be far more significant. A
more recent study examined whether pollution abatement costs affected
patterns of United States foreign investment into Mexico and three other
countries. Also a cross-industry comparison of data in 1990 found similar
results to those of Grossman and Krueger (1993). Eskeland and Harrison
(1997) found a statistically insignificant, though positive, relationship be-
tween pollution abatement costs and levels of FDI.

Kahn (2001) is the only study to examine this question over time.
Rather than looking at the costs of pollution abatement like the previous
two studies, Kahn examined pollution intensity of United States trade
with Mexico and other countries. Using United States Toxic Release In-
ventory data for 1972, 1982 and 1992, he found the pollution content of
US imports from Mexico slightly declined during the period. The reason
why this analysis and so many others like it fail to find evidence for pollu-
tion havens in developing countries is that the economic costs of environ-
mental degradation are relatively much smaller than many other factors
of production – especially those that determine comparative advantage.
Mexico is factor-abundant in unskilled labour that takes the form of man-
ufacturing assembly plants. On average, such manufacturing activity is
relatively less pollution intensive than more capital-laden manufacturing
activities such as cement, pulp and paper and base metals production.
The latter sectors have been contracting in the Mexican case. In terms
of costs, even at the margin, the costs of pollution are too small to signifi-
cantly factor into the average firm’s location decisions. In addition, many
firms are simply too large and cumbersome to move to another location,
and they need to stay close to their product markets. The marginal abate-
ment costs are small relative to the transaction costs of decommissioning
and actually moving to another country (Gallagher 2004).

Although the evidence suggests that the majority of the firms that
move to Mexico do not move there because of low environmental stan-
dards, such a finding does not imply that when firms move to Mexico
they are model environmental corporations. In fact, the World Bank con-
ducted a survey of over 200 firms in Mexico and found that whether a
company was a foreign firm or not had no correlation with the degree to
which a company complied with Mexican environmental law (Dasgupta
et al. 2000).

If the Mexican environment is worsening, but not because it is a pollu-
tion haven, what is driving environmental degradation? The answer is
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similar to the one which indicates why technological capabilities have
not arisen from Mexico’s development strategy. Costly degradation is
occurring because the proper mechanisms were not put in place to help
Mexico manage its economic growth in an environmentally sustainable
manner. In a comprehensive evaluation of Mexican environmental con-
ditions, the OECD applauds Mexico for establishing a number of key
environmental laws and institutions, but cites Mexico’s ‘‘implementation
gap,’’ as ‘‘the complex and sometimes unclear distribution of environ-
mental competency across levels of government and limited local author-
ity to raise revenues from taxes or charges’’ (OECD 2003).
Indeed, spending on environmental protection doubled in the late

1980s and Mexico started a much-needed industrial environmental in-
spection programme. However, shortly after NAFTA was signed and
fiscal and financial woes set in, attention to the environment fell sharply
(Gallagher 2004; CEPAL 2004). According to INEGI, since 1994 real
spending on environmental protection has declined by 45%. Even at
their highest levels, allocations for environmental protection were paltry
in comparison to Mexico’s counterparts in the OECD. As a percentage
of GDP, expenditure on environmental protection was only one-fifth the
size of other OECD nations (OECD 1998). Tellingly, the number of en-
vironmental inspections has also decreased by 45% over the same period
(Merino and Tovar 2002; Stromberg 2002; Gallagher 2004).
In the meantime, the environmental ‘‘side’’ institutions created by

NAFTA set some important precedents, but were not equipped to fill
the implementation gap left by the Mexican government. At most, Mex-
ico receives only one-third of the $9 million annual budget of the North
American Commission for Environmental Cooperation. NACEC has
been effective in carrying out its limited mandate, enabling citizens
groups to monitor environmental progress and convening cross-national
information sharing and research efforts in North America. But its $3
million budget is dwarfed by Mexico’s budget shortfalls and buried by
the $36 billion price tag of environmental degradation.

Investment and the deployment of environmentally sound
technology

The overall trends in the Mexican environment mask some interesting
exceptions that have occurred in the manufacturing sector. New invest-
ment in the manufacturing sector (both foreign and domestic) spurred
the deployment of cleaner technologies where pollution is a function of
plant vintage (or core technology). However, when pollution was a func-
tion of end-of-pipe technologies, new investment was not accompanied
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by environmental improvements because of Mexico’s implementation
gap.

Table 5.1 shows air pollution intensities (and the ratio between the
two) for sulfur oxides in the United States and Mexico. The overall result
is that Mexican industry is fourteen times more pollution-intensive than
is the United States. However, in some cases such as iron and steel and
non-ferrous metals, Mexico is actually less pollution-intensive than the
United States. Earlier work has shown that in industries where pollution
is largely a function of core technologies and cleaner fuels, Mexico is
cleaner than the United States. Industries using older technologies burn
dirtier fuels, are more apt to need end-of-pipe technologies for pollution
abatement and are dirtier in Mexico when compared to the United States
(Gallagher 2004).

The United Nations Institute for New Technologies has published a
useful summary of technology and pollution intensity in manufacturing
(Bartzokas and Yarime 1997). According to this study, which surveys
production processes throughout the world economy, the environmental
impacts of manufacturing have two sources: energy combustion emissions
and byproducts of the production process itself.

Energy combustion is of course essential to various parts of the pro-
duction process. As a result, air pollutants such as sulfur oxides (SOx),
nitrous oxides (NOx) and particulate matter (PT) are emitted at various
levels depending upon the amount of energy used and the type of fuel
used for combustion. Some of the more energy-intensive industries are
more capital-intensive in that they transform matter from one form into
another: iron ore and coke into steel, wood into paper products, bauxite
into aluminum and so forth. To reduce emissions from this part of

Table 5.1 Pollution intensity for SOx in Mexico and the United States
(Tons per US$ million)

US Mexico US/Mex

Food and beverages 0.50 1.71 0.29
Textiles and apparel 0.35 1.56 0.22
Wood and wood products 0.36 0.68 0.53
Paper, printing, and publishing 2.33 5.67 0.41
Chemicals and petroleum products 3.16 2.80 1.13
Non-metallic mineral products 6.19 1.96 3.16
Iron and steel, non-ferrous metals 11.89 1.12 10.62
Fabricated metals and machinery 0.15 0.08 1.88

Source: Calculated from World Bank data1
1 ‘‘New Ideas and Pollution Regulation’’, available from http://www.worldbank.
org/ni, accessed July 2004.
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the production process, newer combustion technologies are being devel-
oped that are more energy efficient and thus reduce the total amount of
energy used. In addition, fuel-switching away from fuels like coal, diesel
and residual fuel oil and toward fuels like natural gas generally lowers
emissions. Table 5.2 shows the percentage of ‘‘dirty’’ fuels in Mexican
and United States manufacturing industries.
Although new technologies and changes in the fuel mix can reduce

air pollution from energy in manufacturing, the main product and basic
chemical reactions can remain unchanged. Chemical processes like the
bleaching of paper, the mixing of paint for automobiles and the dyeing
of wool are examples of production processes that create byproduct pol-
lutants. To abate byproduct pollution there are two strategies. First are
end-of-pipe technologies, which are devices added to the final stage of
production to remove waste. Second are ‘‘process-integrated technolo-
gies’’ that reduce or eliminate the creation of wastes themselves by mak-
ing the production process more efficient through such activities as reuse
and recycling, implementing environmental management systems or re-
designing basic processes (Bartzokas and Yarime 1997). The following
cases provide further illustration.

Iron and steel

The iron and steel sector is the clearest example of the relatively cleaner
effects of plant vintage. During the years of economic integration, the
Mexican steel industry was completely transformed. Beginning in the
early 1990s, large new private investments, mostly domestic in origin, be-

Table 5.2 Energy and fuel intensity in North American manufacturing

Mexico United States

Sector
Energy
(MJ/US$) Dirty fuel

Energy
(MJ/US$) Dirty fuel

Iron and steel 101.48 10% 118.79 49%
Chemicals 19.63 38% 23.77 5%
Cement 85.86 77% 160.88 64%
Pulp and paper 37.45 39% 40.36 21%
Beer and malt 6.41 41% 5.36 38%
Automotive 0.89 4% 1.24 5%
Rubber 7.38 27% 4.47 8%
Aluminium 31.36 0% 169.98 1%

Source: Personal Communication, INEGI (2002); Environmental Protection
Agency, AP-42 (2002)
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gan to flow into the Mexican steel industry. Compared to the United
States steel industry’s notoriously slow growth (less than 1% annually),
Mexican steel grew 3.7% annually in the 1990s. With such investment
came newer, cleaner technologies. In addition, case study evidence has
shown that some firms in the Mexican steel sector have begun to employ
environmental management systems (Mercado Garcia 1999).

In the late 1980s, Mexico began to integrate its steel sector into the
world economy by selling its state-owned enterprises and by freeing the
sector from government price controls. Adding momentum to this effort,
in 1988 the World Bank gave the Mexican government a US$400 million
loan to restructure the sector. Close to $170 million of the loan went to
the modernization of technology and equipment at various steel facilities.
In some cases, environmental clean-up and compliance were part of pri-
vatization agreements between government and private buyers (Gentry
and Fernandez 1998).

A recent study on the diffusion of electric arc furnaces (EAFs) in
the global economy included a variable as to whether each nation was
considered ‘‘open’’ to foreign competition. Mexico, which has seen a
surge in EAF production, was included in this study as an open nation –
lending force to the article’s conclusion that openness was correlated
with the spread of cleaner energy technology in the world steel sector
(Reppelin-Hill 1999). Electric arc furnaces were a newer and more at-
tractive technology choice for the steel industry when Mexico was priva-
tizing (Mercado Garcia 1999). In addition to being less capital-intensive
and therefore less costly, EAFs are significantly less air pollution-intensive
than basic oxygen furnaces (BOFs). In BOFs, coke, molten iron, scrap and
oxygen are used. Not all of these steps are used in EAFs, which primarily
rely on scrap steel and electricity. EAFs use substantially less energy than
conventional steel making.

According to Mexico’s National Association of Iron and Steel Indus-
tries, between 1990 and 1995 the average share of EAF in total Mexican
production was 60% (La Cámara Nacional de la Industria del Hierro y
el Acero [CANACERO] 2002). In addition, a number of dirtier blast
furnaces were taken out of production. Indeed, 200 (relatively small)
steel plants were taken out of production in Mexico between 1988 and
1998 (INEGI 2000). In the United States, EAFs were used in only 33%1

of steel production (Crompton 2001). This observation makes it very
clear that the vintage of Mexico’s steel sector is an important factor ex-
plaining why Mexican steel is relatively less air pollution-intensive than
United States steel.

The fuel mix in Mexican steel is also much less air pollution-intensive
than in the United States. Only 10% of Mexican steel’s fuel use could be
classified as ‘‘dirty’’, whereas almost 50% of the fuel in the United States
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steel industry is dirty (mostly coal) (CANACERO 2002). Moreover,
many United States steel plants have been ‘‘grandfathered’’ into major
air legislation in the U.S. because they are so old.2 Of course, this com-
parison does not count electricity sector emissions, which makes the
EAF look cleaner. Mexico’s electricity sector is dirtier than in the United
States. However, if the calculations included indirect emissions in elec-
tricity generation, this gap would narrow.

Cement

The Mexican cement industry is another example of an industry that is
more competitive than its United States counterpart, has newer technol-
ogies and has aggressive environmental management. Mexico’s cement
manufacturers own more cement plants than their counterparts in any
other country.3 Mexican companies own 15 of the 51 major cement plants
in the world. The Mexican-owned plants produce 34% of world cement
production. United States firms own 12 of the major cement plants and
produce only 16% of global production capacity (CEMEX 2002). Be-
tween 1988 and 1994, years that coincide with the Mexico air pollution
data, cement grew 4.6% annually in Mexico, compared to 3% growth in
the United States (INEGI 2000).
Growth and competitiveness has allowed the Mexican cement industry

to upgrade its technology. The Mexican cement industry is almost twice
as energy efficient as cement manufacturing in the United States. This is
consistent with other studies that have shown Mexican cement to be
more energy efficient. According to the World Bank, between 1960 and
1980, Japan, Germany and the United Kingdom’s cement industries were
more energy efficient than Mexico’s, but Mexican cement was one and
one-third times more efficient than the United States (Fog and Nadkarni
1983). In a more recent study using plant-level data for 60 cement kilns in
Mexico, it was found that the reduction in energy use per unit of output
was due to new investment in capital equipment (Sterner 1990).
The Mexican cement industry has also taken a number of steps toward

environmental management. Not all have been successful. In the 1990s
the Mexican cement industry worked with international consultants to
certify its plants with internationally recognized environmental manage-
ment systems (Lexington Group 1998). For these efforts and others like
it, Mexico’s largest cement company, CEMEX, was awarded the 2002
World Environment Center Gold Medal for International Corporate En-
vironmental Achievement (CEMEX 2002). However, in some cases such
good intentions have displaced environmental problems rather than solve
them. The Mexican cement industry has been involved in burning its
hazardous waste as ‘‘alternative fuel’’ in an attempt to save money and
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emit less criteria air pollutants. However, as the emission of criteria air
pollutants has decreased, the amount of toxic emissions has been shown
to increase from the burning of hazardous wastes (TCPS 1997).

Promising policies

Though very small in scale, two innovative initiatives in Mexico toward a
more comprehensive environmental policy are noteworthy: the clean in-
dustry programme and a pilot project of the North American Commis-
sion for Environmental Cooperation (NACEC).

A fairly recent development that could prove positive in the future is
Mexico’s ‘‘industria limpia’’ (clean industry) programme, which acts as a
‘‘carrot’’ to encourage innovative approaches to environmental compli-
ance. The carrot is complemented by the ‘‘stick’’ of inspections and fines.
Firms enter the clean industry programme voluntarily. Firms then choose
from a list of certified auditors who conduct a formal environmental audit
of the firm. After the audit is done, negotiations take place between the
firm and the government concerning an action plan for environmental
improvements with quantifiable targets and timetables. When the firm
signs the agreement, it is granted a grace period on inspections and
regulations. However, the firm must show concrete improvements on
an annual basis and must meet action plan targets. In case of failure
the firm is subjected to normal inspection and fined for regulatory non-
compliance. This carrot-and-stick approach is intended to encourage firms
to innovate toward environmental improvements. There is a risk, how-
ever, of becoming an easy target for regulators.

NACEC’s Fund for Pollution Prevention Projects in Mexican Small
and Medium Sized Enterprises (FIPREV) is a new source of funds for in-
dustry and communities. Although these funds are not sufficient to signif-
icantly reduce the environmental costs of industrial growth in Mexico,
they serve as models for Mexico and for mechanisms that could be estab-
lished in the context of the Free Trade Area of the Americas and other
agreements.

Created in 1996, FIPREV is a pilot fund for pollution prevention proj-
ects in small- and medium-sized enterprises in Mexico. After an initial
period of assessment, the fund now has over $2 million, and has given
over 25 loans amounting to $610,000. Not only did NACEC provide
funds for FIPREV itself, but was able to leverage funds from other
sources. FIPREV was established through collaboration with the Mexi-
can Fund for Technology Transfer in Small and Medium Sized Enter-
prises. FUNTEC is a non-governmental organization linked to the Mexi-
can Federation of Industrial Associations (CONCAMIN). FIPREV was
founded to ‘‘promote the use of pollution prevention techniques and
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technologies among small and medium sized Mexican industrial estab-
lishments and support them in the development of their environmental
management capacities,’’ and to ‘‘facilitate the application of pollution
prevention measures in industry through the timely and appropriate of-
fering of technical assistance, information, and financing for projects of
this nature’’. (NACEC 2001). The administration of FIPREV brings to-
gether members of business, academia and government, and representa-
tives of NACEC’s Joint Public Advisory Committee (JPAC).
The majority of FIPREV’s projects are in the leather tanning industry.

However, other loans have been granted to firms in the food, metal-
working, electroplating, chemicals, foundry, dry cleaning and other sec-
tors. FIPREV’s low-interest loans can amount to $30,000 or 80% of an
investment project. They are most often offered in Mexican pesos but
can come in the form of US dollars if the firm is exporting its goods or
services. To date, most of these loans have come in the form of technical
assistance to firms to make process-based technological changes to re-
duce water and raw materials usage. Impressively, of the 25 loans thus
far granted by FIPREV, all firms have repaid both the credit and interest
according to schedule. Based on the annual savings of approximately
1,465 tons of chemical substances, FIPREV estimates that the economic
benefits of these environmental programmes have amounted to $646,000
each year since their inception (Dominguez 2003).

Implications for theory

Nelson (1981) has shown that technological change can occur from
improving on plant vintage and from more tacit forms of incremental
change that occur during the production process. He stresses that such a
choice is not simply one of management. Indeed, much of technological
change must be a function of labour-management bargaining. Nelson’s
framework for technological change can also apply to industrial pollu-
tion. Indeed, vintage effects have been shown to have been essential to
the deployment of new steel and cement technologies in Mexico. How-
ever, the evidence from Mexican manufacturing suggests that a third ele-
ment must be introduced for the case of innovation and industrial pollu-
tion: that of a bargain between state (or civil society) and management
over end-of-pipe technologies.
The evidence from Mexican manufacturing also suggests that when

pollution is in large part a function of energy-intensive technology, new
investment from the integration process could bring environmental gains.
On the other hand, when pollution is more a function of by-product
waste that requires end-of-pipe technologies, and such technologies are
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not required, new investment can be relatively detrimental to the envi-
ronment. Moreover, when the integration process forces firms to meet
new requirements, private funds do not exist for end-of-pipe and other en-
vironmental technologies. Such a framework can be sketched as follows.

In figure 5.1, the Y-axis is the capital-labor ratio (K/L), and the X-axis
is the ratio of by-product emissions to total emissions (B/P). If Nelson’s
notion were depicted graphically, it could be represented with K/L on the
Y-axis, representing the vintage effect (as it does in figure 5.1), and with
incremental technical change on the X-axis, representing the outcome of
a labour-management bargain – reflecting the notion that technical
change is a combination of the two. In figure 5.1, the labour-management
bargain is replaced with by-product emissions, which are a function of a
state–civil society (which includes the private sector) bargain whose out-
come is the use of end-of-pipe technologies.

The hypothesis in this graph is that in industries where pollution is
a function of energy-combustion technology, new investment will yield
cleaner production; in industries where pollution is a function of end-of-
pipe technologies, the effects of new investment are more ambiguous.
The question is, if the data to adequately test the hypothesis were avail-
able, would sectors like pulp and paper, or even apparel, fit the pattern
suggested in this graph? Pulp and paper production is highly energy-
intensive and creates a significant amount of by-product waste. A related
question would be how sectors like apparel fit this pattern, given their
relatively low energy consumption and pollution potential.

If the hypothesis is correct, end-of-pipe technology innovation and
transfer are a special case. In the absence of environmental regulations
that require end-of-pipe technologies, or in cases where regulations are

Figure 5.1 Economics of pollution intensity
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not enforced, such technologies will not automatically be deployed be-
cause they are not part of the core vintage of the technology. This implies
a third dimension to Nelson’s theories as applied to industrial pollution.
For innovation or deployment for environment, change must be a func-
tion of vintage labour-management relations and firm-state (or civil soci-
ety) relations. Some evidence exists of this beyond Mexico. In the case of
China, it was found that United States car manufactures transferred basic
car models to China but did not transfer catalytic converters that were
used in the same models in the US and Europe because air pollution
standards and legislation were not as stringent, making the installation
of catalytic converter on cars unnecessary and uneconomical (Sims and
Gallagher 2004).
This conclusion and the hypothesis presented in figure 5.1 point to the

importance of upgrading environmental regulations in cases where pollu-
tion is a function of end-of-pipe technologies. Upgrading is likely to have
an accelerating effect; a subject discussed in the next section.

Implications for policy

Contemporary trade policy debates suggest that environmental improve-
ments ‘‘automatically’’ occur through trade and investment liberalization
because developed-country firms will bring new, cleaner technologies to
the developing world. This chapter indeed shows that to a certain extent
such a statement is true. Perhaps more gravely, however, this chapter
shows that there are a large number of cases – where pollution is a func-
tion of end-of-pipe technology – that this is not true. Such a finding
makes a strong argument for making stronger commitment to environ-
mental protection at the policy level and developing more stringent envi-
ronmental regulations in the developing world. The good news is that for
the foreseeable future such efforts will not seem to deter foreign invest-
ment from coming in the first place.
The case of Mexico shows that technological change and environmen-

tal improvements will not automatically come with economic integration.
Indeed, both the innovation and environmental cases show that without
the proper policies and structures in place, economic integration can
worsen the prospects for technological change and environmental im-
provement. The fact that there is increasingly little evidence of pollution
havens in Mexico and other developing countries is good news. One im-
portant implication is that policy-driven environmental protection and
spending do not scare away the foreign and direct investment that
Mexico and other developing countries desperately seek through their
development process (Gallagher 2004).
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The problem is, however, that without economic growth and macro-
economic stability, policies for environmental protection – let alone poli-
cies for environmental innovation – will continue to be a low priority for
Mexico and countries in a similar situation. Without growth, and with an
economic-development strategy based on economic integration, nations
like Mexico have to rely on importing technology or receiving it through
foreign direct investment. This chapter has shown that such a reliance on
foreign technology is no substitute for a National Innovation System or
environmental innovation. In the meantime, programmes such as Clean
Industry and FIPREV show promise because they attempt to spur inno-
vation from both vintage and end-of-pipe perspectives.

Notes

1. Averaging 1982 to 1987 to correspond with the IPPS data.
2. ‘‘Grandfathering’’ means that they are held to much less stringent standards than newer

plants.
3. Not all Mexican-owned plants are in Mexico, some are in Spain, Egypt, Colombia, Thai-

land and elsewhere.

REFERENCES

Bartzokas, A. and M. Yarime (1997) ‘‘Technology Trends in Pollution Intensive
Industries: A Review of Sectoral Trends’’, Maastricht: the United Nations Uni-
versity.
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6

Environmental policy, innovation
and third-party factors in the
Nigerian manufacturing industry

John O. Adeoti

Environmental policy is regarded by some economists as the main driver
for industrial innovations that reduce external diseconomies of industrial
production (Baumol and Oates 1988; Siebert 1987) in both developed
and developing countries. However, recent research on the links between
pollution regulation and environmental innovation suggests that environ-
mental policy may not sufficiently explain the recently observed trends in
environmentally beneficial technological innovation.1 It is becoming ap-
parent that a complex web of additional interacting factors determines
pollution control innovations at the firm level.
This paper examines the role of third-party factors that form part of

the complex web that works along with environmental regulation to
generate innovations aimed at curbing industrial pollution. A case-study
approach was used in analysing the empirical data obtained from six Ni-
gerian food-processing and textiles firms. Case-study data were collected
between November 1999 and April 2000. In addition, Nigerian environ-
mental regulators were interviewed to complement the case-study find-
ings. Particular attention was paid to how third-party factors affected the
firms in their decision to adopt wastewater treatment technology.
This chapter is organized as follows. The next section provides an over-

view of the environmental regulatory regime in Nigeria, followed by a
discussioin of the limits of environmental policy as a stimulus for environ-
mental innovation. Using findings from the case studies, the next section
illustrates the role of regulatory pressure and third-party factors as stim-
uli for environmental technological innovation in industrial wastewater
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treatment. The chapter concludes with a discussion of the policy implica-
tions of the findings.

An overview of the environmental regulatory regime in
Nigeria

Generally speaking, environmental regulation in Africa remains rela-
tively weak while there is insufficient institutional capacity to deal with
industrial pollution problems. Even South Africa with relatively ad-
vanced manufacturing had not established a comprehensive programme
of industrial pollution control until the second half of the 1990s (DEAT
1996). However, Nigeria appears to be an exception to the general Afri-
can situation.

In 1988, the government of Nigeria established a Federal Environmen-
tal Protection Agency (FEPA)2 to oversee and manage environmental
regulatory processes in Nigeria. Industrial pollution control, which had
previously been carried out on a rather ad hoc basis, came under the pur-
view of FEPA – which has a network of zonal offices3 and pollution con-
trol laboratories4 for the purpose of pollution monitoring and control. In
addition to the establishment of FEPA, each of the Nigerian state gov-
ernments also established a State Environmental Protection Agency
(SEPA)5 in the mid-1990s. Before the advent of SEPAs, FEPA was solely
responsible for industrial pollution control in Nigeria. Since SEPAs were
established, FEPA and SEPAs have worked together to monitor and
control industrial effluents. It should however be pointed out that SEPAs
are statutorily directly responsible for industrial pollution monitoring
and control in their respective states, while FEPA is expected to provide
institutional support and a regulatory framework for pollution control.
The institutional support provided by FEPA has included the develop-
ment of standards and guidelines for pollution control in Nigeria; training
programmes for state environmental regulators and officers in charge of
environmental issues in industry; and effluent and emission limits.

Policy approach in dealing with industrial pollution in Nigeria has been
mainly ‘‘command and control’’ in nature. Market-related policy instru-
ments such as effluent taxes and tradeable permits are still alien concepts
and little understood, especially among local stakeholders in industry. A
composite law was enacted in August 1991, coming into full application
in January 1995. The industrial pollution control law is termed ‘‘National
Effluent Limitation Regulation’’ (S.I.8) and ‘‘Pollution Abatement and
Facilities Generating Wastes Regulation’’ (S.I.9) (FEPA 1991a). The full
implementation of this law was delayed till January 1995 to allow for a
three-year moratorium during which firms were expected to have made
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necessary technological changes to comply with the S.I.8/S.I.9 regulation.
The S.I.8/S.I.9 law specifies the maximum permissible limits for various
industrial emission parameters in Nigeria. These effluent limits are bind-
ing in every Nigerian state, though states are allowed to enact stricter
emission limits. For example, Lagos State, which has the largest concen-
tration of industry in Nigeria, has recently enacted stricter effluents limits.6
At this juncture, it is necessary to point out that the level of environmen-
tal awareness and efforts to protect the environment appear to be on the
increase in Nigeria. This was further demonstrated by the upgrading of
FEPA into a full-fledged government department with a cabinet minister
in January 2000. With this institutional reform FEPA became the Federal
Ministry of Environment (FME).7

Limits to environmental policy as the stimulus for green
innovation in developing countries

While environmental policy is necessary to make firms appreciate and
perhaps accept responsibility for the external diseconomies of their pro-
duction activities, the factors determining the implementation of environ-
mentally benign technical change largely transcend the traditional notion
of environmental policy as the stimulus for innovation in pollution con-
trol. Theoretical models linking environmental policy and environmen-
tally benign technological innovation (e.g., Downing and White 1986;
Milliman and Prince 1989) are limited in their empirical applications.
Such models adopt the neo-classical view of environmental policy as
being the stimulus for environmentally benign technical change, and in
the process assume off other pertinent factors that have been demon-
strated from empirical studies as playing important roles in stimulating
environment-friendly innovations.
The focus in these theoretical viewpoints is not on the kind of technical

change induced by policy, but rather the kind of policy or optimal mix of
policies that could achieve a predetermined level of environmental qual-
ity or pollution reduction. For developing countries still in search of
relevant paths and appropriate strategy for industrialization, these theo-
retical ideas that focus on environmental policy may appear more of a
luxury. Many developing countries lack the appropriate institutional con-
text for developing and managing elaborate environmental policy in-
struments such as pollution taxes and tradeable emission permits. Most
developing countries are thus forced to adopt command and control
strategies and resort to regulatory means that may not go beyond specify-
ing emission limits and technology standards to be adopted to ensure
compliance.
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Moreover, based largely on studies of industrial economies, the last
few years have witnessed the development of theoretical and empirically
tested propositions that emphasize that environmental policy does not
provide sufficient impetus for green innovation in many instances.
Among such propositions, Michael Porter’s hypothesis that environmen-
tal regulation can create technological offsets, yielding economic benefits
that write off the cost of compliance with environmental policy, is of par-
ticular importance.8 These propositions have been extended to suggest
‘‘win-win’’ solutions yielding double dividends that benefit both private
and social parties (see Howes et al. 1997). Some have even suggested a
triple dividend that includes increased employment. Thus, the notions of
double-triple-dividend suggest that the incentive to adopt green innova-
tion may arise from a desire to attend to socioeconomic benefits rather
than the compelling force of the environmental policy.

More recently, Ashford (2000: 68) has questioned the effectiveness
of environmental policy alone as the stimulus to green innovation, and
underlined the importance of other factors needed to generate firm-
level technological change. He lists among these factors regulatory re-
quirements (including environmental policy); possible cost savings or
additions to profits; public demand for a less polluting and safer indus-
try; and worker demands and pressures arising from industrial relation
concerns.

Additionally, studies on environmental regulation and industrial pollu-
tion control in developing countries rarely focus on the impact of envi-
ronmental policy on technology responses of firms.9 Rather, the focus is
usually on the impact of policy on emission reduction or pollution abate-
ment expenditures (e.g., Aden, Kyu-hong and Rock 1999; Dasgupta
2000; Hettige et al. 1996). Though emission reduction would be impossi-
ble without technological application or change in production practices
aimed at pollution abatement, the neglect of direct analysis of the tech-
nological or innovation impact of policy limits our understanding of all
the factors that determine the actual emission reduction achieved. Tech-
nology is the medium through which emission reduction effects are ac-
complished. When the searchlight is focused on this medium, we may
gain a more comprehensive perspective on the interplay of factors that
interact with technology to generate the emission reduction effects.

Having argued that environmental policy alone cannot explain green
innovation among industrial firms in developing countries, we need to
ask what other factors, in addition to environmental policy, are needed
to provide the full range of benefits from emission reduction effects.
While there may be striking similarities between innovation behaviour
of developed and developing-country firms with respect to pollution con-
trol, it is pertinent to note that the divergence of the north-south percep-
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tion of the challenges of environmentally sustainable development would
affect the level of stringency in environmental policy and its enforcement
process.
Environmental policy in the South has never been, and may not in the

near future be expected to be, as stringent as in the industrial countries of
the North. Hence, when environmental technologies are observed among
firms in the countries of the South, it is plausible to suggest that there
may be other ‘‘third party’’ factors (apart from environmental policy)
that drive firms’ green innovation behaviour. Decoupling these factors
from environmental policy is, however, difficult since environmental pol-
icy provides the basic guidelines for the firms’ technological responses.
Third party factors include, but are not limited to, community pressure
on firms to reduce emission; influence of public corporations that may
be affected by polluting activities; advocacy by environmental non-
governmental organizations; influences of parent companies on affiliates
of multinational corporations; and the influence of environmental tech-
nology suppliers.
Based on empirical case studies from the Nigerian food-processing and

textile sectors, the remainder of this paper will discuss the relationship of
third-party factors with firms’ technological responses. First, however, a
concise description of the two sectors in Nigeria and their respective pol-
lution problems.

Pollution problems of the food-processing and textile
industries

As typical of countries in the early stages of industrial development,
resource-based manufacturing activities are an important feature of the
Nigerian economy. Data on the structure of Nigerian manufacturing indi-
cates that the food-processing and textile sectors contribute 29.4% of the
total manufacturing output and 32.4% of the manufacturing value-added
in 1994. The two sectors employ 38.7% of the Nigerian manufacturing
workforce (UNIDO 2001).10 Manufacturing activity in Nigeria is concen-
trated in a few large cities,11 and its pollution effects are the subject of
much concern, particularly to the city dwellers.
The food-processing and textile sectors both consume high volumes of

water and have significant water-pollution potential associated with their
activities. For example, from the data provided by the World Bank (2001)
on industry’s share of organic emissions, the two sectors accounted for
nearly half (47.9%) of total polluted wastewater discharges from the
Nigerian industry in 1994. Public health concerns are high with respect
to the pollution effects of industrial wastewater since the majority of
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Nigerians still lack access to safe drinking water.12 Perhaps not surpris-
ingly, Nigeria has relatively well-articulated pollution-control regulation
with respect to industrial wastewater. The more specific pollution prob-
lems of the two sectors are briefly described below.

Food processing

Food processing in Nigeria may be broadly classified into seven subsec-
tors or divisions. These subsectors are grain milling; soft drink and fruit
juices; brewing; distilleries and wine; dairy products; vegetable oil and
fat products; and confectionery and sugar products. Apart from grain
milling, which is essentially a dry process, all other sub-sectors are water-
pollution intensive, discharging wastewater largely laden with organic
wastes.

The organic pollutants are mainly present in process wastewater, con-
tainer/vessels washwater, clean in place (CIP)13 rinse water and floor-
wash water. In many factories visited for this research, fugitive oil emis-
sion or the dripping of other organic pollutants due to old equipment
further compounded the wastewater problem. Virtually all firms in this
sector have oil traps to capture the fugitive oil as much as possible, and
thus limit additional pollution of the wastewater. Among the firms vis-
ited, some burned oil in boilers to generate energy, a practice that could
lead to air pollution, while others sold it on the open market and mainly
to the informal sector where the oil is often used as fuel. This recycling of
waste oil is not peculiar to the food processing industry. Similar practices
were noted among the textile plants visited.

Textiles

According to Mbendi (2000), traditional textiles have been produced in
Nigeria for many years, but real industrial activity in textile production
began in 1956 with the establishment of Kaduna Textile Mills Limited in
northern Nigeria. The first set of Nigerian textile firms were vertically in-
tegrated mills that convert locally available raw materials (mainly cotton)
to intermediate and finished textile goods. Spinning processes churn out
yarn, weaving produced grey cloth, while dyeing, printing and finishing
turn out finished textiles. From the account of Mbendi, the Nigerian tex-
tile industry has over the years developed to incorporate fibre produc-
tion, spinning, weaving, knitting, lace and embroidery making, carpet
production, dyeing, printing and finishing. In spite of the problem of im-
portation of relatively cheap textiles through unofficial channels (BBC
News, 1 September 2003), the sector produces a variety of fabrics annu-
ally, ranging from African prints, shirtings, embroideries, etc., to guinea
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brocades, wax prints, jute and other textile-related products. The Central
Bank of Nigeria Annual Report of 2001 showed that the textile industry
in Nigeria accounts for a significant proportion of the overall growth of
Nigeria’s manufacturing production. About two-thirds (68%) of the raw
materials used in the industry are sourced locally, the main exceptions
being high-quality cotton and synthetic materials. It is important to note
that foreign investment in Nigeria’s textile industry is limited and is main-
ly by Chinese and Indian investors. There is also representation from Eu-
rope, the United States, Japan and Syria. Through privatization, most of
the equity investments held by government have been transferred to pri-
vate hands, and foreign investors played significant roles in the ensuing
acquisition of government shares and merger processes. Mbendi reported
that the performance of the industry has improved significantly as a result
of the implementation of the privatization programme.
The pollution problems of the textile industry in developing countries

have long been a concern.14 For textile plants in Nigeria, the handling
of the wastewater effluents constitutes the most important problem. For
example, 89% of the textile firms in our survey sample indicated waste-
water as the most serious pollution problem they have confronted (see
table 6.1). The equivalent figure of 78% for the food-processing industry
suggests a relatively less difficult view of the perception of the problem of
industrial wastewater by plant managers.
Moreover, our interview and survey of environmental regulators re-

vealed that they particularly view textile firms as the worst culprits of
wastewater pollution when compared with the food-processing sector.
For example, while 50% of the surveyed regulators rated the compliance
of the Nigerian food processing sector with the Nigerian effluent limita-
tion regulation from ‘‘good’’ to ‘‘very good’’ on a five-step scale ranging
from ‘‘very poor’’ to ‘‘very good’’, none of our respondent regulators
consider the textile sector’s compliance status as ‘‘very good’’, and only
22% consider the textile industry’s compliance level as being ‘‘good’’.

Table 6.1 Rating of most important pollution issues

Waste-
water
%

Air
pollution
%

Solid
waste
%

Noise
%

Total number
of responses

Food processing 78 5.5 11 5.5 91
Textiles 89 7 – 4 27
Combined 81 6 8 5 118
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Third-party factors and innovation in pollution control
processes

The cases discussed in this section include two breweries, two confection-
ery plants and two textile plants. Table 6.2 presents the summary of the
background and basic characteristics of the case-study firms. For reasons
of confidentiality, the case studies are designated FP1, FP2, FP3 and FP4
for the food processing plants, and TT1 and TT2 for the textile plants.

Environmentally benign technology implemented by the case-study
firms can be classified as end-of-pipe, e.g., firms with industrial waste-
water treatment plants, or preventive, e.g., innovative measures or tech-
nologies that reduce the generation of industrial wastewater at the
source. Pollution prevention technical change was classified under four
groups: wastewater reduction/recycling, raw material reuse/recycling,
materials substitution, and process-integrated techniques that reduce
wastewater. A firm could adopt one or more of these wastewater pollu-
tion prevention innovations. Table 6.3 shows the sectoral distribution of
the adoption of these pollution prevention innovations, according to the
time of adoption, among our survey sample.

Water or wastewater reuse/recycling and integrated physical devices in
the production line are relatively common among the food and beverages
plants. Integrated physical devices observed in the course of the field-
work included improved bottle-washing devices, metering devices/equip-
ment, re-engineering of aspects of process lines which resulted in leakage
prevention or minimization, improved CIP procedure with introduction
of pressurized nozzle points at strategic locations that enhance efficiency
of water use during CIP, caustic soda recovery/recycling tanks/process,
replacement of high-waste-producing machines with low liquor dyeing
equipment in the textile sector, mixing of spent oil with LPFO (low pour
fuel oil) for reuse in boilers, etc. As shown in table 6.3, most adoption of

Table 6.2 Case study profiles

Case
study

Approxi-
mate age
of firm

No. of
persons
employed

MNC*
affiliate?

Capacity
utilization

Manu-
facturing
subsector

Per cent
Nigerian
ownership

FP1 20 years 800 yes 60% Brewery 60%
FP2 20 years 300 no 30% Brewery 0%
FP3 10 years 210 yes 85% Confectionery 15%
FP4 40 years 1,131 yes 62% Confectionery 43%
TT1 37 years 700 yes 65% Textile 40%
TT2 23 years 376 no 20% Textile 30%

*Multinational corporation
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wastewater pollution prevention innovation among the textile plants took
place before January 1995, prior to the establishment of the State Envi-
ronmental Protection Agency (SEPA). It thus appears that the textile
plants might not have taken full advantage of the pollution prevention
opportunities after January 1995, but focused rather on end-of-pipe
wastewater treatment processes in part as a response to new, stricter reg-
ulatory requirements by SEPA.
The option of materials substitution appears relatively less common

compared to other wastewater pollution-prevention innovations in food
processing, perhaps due to the stringent public control of the food and
beverages industry. In the case of the textiles, the raw material re-use/re-
cycling appears relatively more common than other types of wastewater
pollution-prevention innovations. This may be due to the introduction of
the wax-recovery process in some textile plants. Wax recovery seemed to
have been introduced as a cost-saving rather than an environmental pro-
tection measure.15
It is not clear from the above analysis what role third parties played in

influencing the adoption of wastewater prevention innovations. However,
cross-tabulation of the adoption of wastewater treatment by the adoption
of wastewater prevention innovations reveals that 39 (85%) of the 46
adopters of wastewater treatment technology are also adopters of one or
more forms of wastewater prevention innovation. The adoption of waste-
water prevention innovations thus appear to be closely associated with
the adoption of wastewater treatment technology. It is accordingly plau-
sible to expect that the factors driving the adoption of wastewater treat-
ment technology also play significant roles as rationales for the adoption
of wastewater prevention measures. This paper nonetheless pays more
attention to the adoption of industrial wastewater treatment technology
because the case-study firms give clear and vivid illustrations of the role

Table 6.3 Adoption of pollution prevention innovation according to time and
sectoral distribution of adoption

When adopted

Before 1995 After 1995

Pollution prevention innovation F&B* Textiles F&B Textiles

Water/wastewater recycling 11 0 19 1
Raw material reuse/recycling 7 9 9 3
Materials substitution 4 7 2 1
Integrated physical device 8 1 12 1

*Food & beverages
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of third parties in the implementation of the adoption of wastewater
treatment plants in the Nigerian food and beverages and textiles sectors.

Case Study FP1

An affiliate of a multinational company based in a west European coun-
try, FP1 is a large-scale brewing plant employing about 800 people and
located in an industrial estate on the outskirts of a large city in Nigeria.
When it was established in the early 1980s it was only equipped with a
primary wastewater treatment plant. Over the years, the community
where the plant is located began to complain of environmental damage
attributable to wastewater discharges from FP1. Actions by the host com-
munity intensified, and in 1997 a community association was founded
with a mandate to address industrial pollution. This non-governmental
organization has instigated a court action (against FP1), which is pres-
ently one of the few high-profile environmental lawsuits in Nigeria. Ac-
cording to the Nigerian environmental regulators and FP1’s environmen-
tal consultants interviewed as part of this research, the environmental
damage reported by the community included the poisoning of ground-
water, thereby rendering well water undrinkable; the nearby stream into
which the discharge from the primary wastewater treatment plant flows
has lost all aquatic life, especially fish; and palm and other trees of eco-
nomic value are severely threatened, signalling the possibility that farm-
land productivity may also be threatened.

In spite of the fact that the claims of the communal association were
not accepted by FP1, the firm appears not to have appropriately re-
sponded to the environmental regulatory demand of installing effective
industrial wastewater treatment technology until after the community
pressure became intense. According to FP1, the plant was built before
the community settled in its current location, and other manufacturing
plants producing wastewater (though on a much smaller scale) are also
located in the same industrial layout.

In the mid-1990s, prior to community complaints becoming an issue,
FP1 extended the primary wastewater treatment plant to include more
oil schemers from where oil and grease are collected regularly. In addi-
tion, an aquatic weed (water hyacinth) was introduced as macrophytes
to enhance the purification of wastewater in the plant’s lagoon. Accord-
ing to FP1, the adoption of these pollution control measures was due to
regulatory pressure and the desire to improve their environmental image.
These measures were, however, considered unsatisfactory by both the
community association and environmental regulators. Taking advantage
of an expansion programme financed by the parent company, FP1 has de-
cided to adopt modern industrial wastewater treatment technology. The

NIGERIAN MANUFACTURING POLICIES 165



company’s new wastewater management system is termed ‘‘cost-effective
wastewater treatment’’. The technology adopted incorporates an ‘‘upflow
anaerobic sludge blanket reactor’’ (UABR) and a ‘‘sequence batch reac-
tor’’ (SBR).

Case Study FP2

A medium-sized local brewing plant, FP2 employs 300 people and was
established in the early 1980s. At the time of the fieldwork for this re-
search the plant had significant under-capacity (capacity utilization was
only 30% in 2000) which it hoped to eliminate with improved, and more
stable, political conditions. One expected result of democratic gover-
nance in Nigeria was the positive impact of the transfer of ownership to
some Asians. The plant had been built with no facility for wastewater
treatment. According to FP2, regulatory-compliance monitoring had not
been of much effect on the company until the establishment of SEPA
in 1995 and the more stringent monitoring programme that ensued. How-
ever, FP2 interviewees stated that even after the establishment of SEPA,
compliance monitoring was not carried out regularly until there was an
environmental incident, which led to the shutdown of the plant in 1996.
The environmental incident arose due to a complaint from a public

water corporation: FP2 was releasing its untreated wastewater into a pe-
rennial stream, which is dammed downstream and purified for public
consumption. The public water corporation discovered that the cost of
water purification was excessively higher than expected. On examination
of the raw water, the cause was traced to the wastewater discharged by
FP2. Since the water corporation had no statutory power to compel FP2
to stop the release of contaminated discharges, the problem was reported
to SEPA, who acted promptly by sealing off the plant until appropriate
industrial wastewater treatment was installed by FP2. The wastewater
treatment method adopted was a locally built secondary wastewater
treatment technology. Although the wastewater treatment succeeded in
improving the effluent quality to an acceptable level for the third party
(public water corporation), it was however observed that the effluent
quality did not meet the statutory requirement of the effluent limitation
regulation. The State Environmental Protection Agency insisted on im-
provement of the wastewater treatment technology while allowing more
time for the firm to meet this requirement.

Case Study FP3

A large-scale manufacturing plant, FP3 is an affiliate of an American
multinational company. The firm was established in the early 1990s and
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produces candies. It is ISO 9001 certified, employs about 200 people and
operates 85% of its full capacity at the time of this research. The firm’s
environmental management is directed from the parent company’s envi-
ronmental department headquarters located in western Europe. The par-
ent company also engages in annual environmental performance ratings
of its subsidiaries. Any subsidiary that does not obtain eight-point rating
out of 10 points for five consecutive years is liable to being closed down.
According to sources at FP3, this challenge has largely encouraged the
plant’s commitment to environmental management. The firm boasts that
its environmental management standard is better than that of many local
plants.

It was also observed that though regulators have been visiting this
plant, they have not succeeded in making the plant adopt wastewater
treatment technology. Rather, under a contract with a local environmen-
tal management consultant, the plant regularly transfers its wastewater
effluent to a distant stream for dilution by means of a tanker service.
The parent company of FP3 appears to have ignored this aspect until reg-
ulatory pressure became more intense in recent years. However, FP3 as-
cribes non-adoption of industrial wastewater treatment to the high cost of
the technology. It is also likely that prior relatively weak environmental
policy enforcement provided little incentive for FP3 to install wastewater
treatment.

When the firm finally agreed to implement wastewater treatment, there
was a sharp disagreement between the regulators and FP3. While FP3
wanted to adopt an anaerobic digester, regulators recommended an aer-
ated activated sludge system because it would be more effective in bring-
ing the effluent quality to the statutorily required level. However, regula-
tors had to allow FP3 to make its free choice since the effluent limitation
regulation is silent on the specific technology to be employed for waste
treatment.16 FP3 later consented to installing the aerated activated
sludge system after a visit by the head of the environmental management
of the parent company who advised FP3 on the preference of the aerated
activated sludge technology for efficiency reasons, and because methane
and other gaseous products of the anaerobic system could create new
sources of pollutants emission.

Case Study FP4

An affiliate of a European multinational company, FP4 is one of the old-
est manufacturing enterprises in Nigeria, established in the early 1960s. It
is a very large plant employing about 1,100 people at the time of this re-
search. The plant is ISO 9001 certified and has undertaken to implement
an environmental management system in compliance with the ISO 14001
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standards. The plant is located in a large, privately owned industrial estate
that has a centralized wastewater treatment plant. This centralized waste-
water treatment facility serves about 17 plants in the food-processing and
pharmaceutical sectors.
The estate’s wastewater treatment plant is a large aerated lagoon. It is

directly managed by the authorities of the industrial estate. The regula-
tors who were interviewed disclosed that the wastewater treatment plant
is inefficient in meeting the effluent quality standard specified by the ef-
fluent limitation regulation. They could not, however, apply the relevant
sanctions because of the network of sociopolitical and economic interests
represented in the industrial estate. Interviewees from FP4 acknowl-
edged that the centralized wastewater treatment facility was inadequate
but could not unilaterally adopt a new treatment technology since other
plants were involved. To demonstrate goodwill, FP4 helps the operators
of the wastewater treatment plant in effluent quality analysis as a volun-
tary contribution to signify FP4’s commitment to improved environmen-
tal performance.
To minimize effluent discharges to the centralized wastewater treat-

ment plant, the companies on the estate collectively took a decision to
each adopt a primary wastewater treatment technology. FP4 adopted a
primary wastewater treatment to reduce the organic contents of its efflu-
ents. The constraints of joint responsibility introduced by the centralized
wastewater treatment appeared to provide a disincentive for FP4 to
adopt the best available technology in wastewater treatment.

Case Study TT1

A large-scale textile plant, TT1 was established in the mid-1960s and em-
ploys about 700 people. It is located in the heart of one of Nigeria’s
major cities and is an affiliate of an Asia-based multinational company.
For some time TT1 had problems with the environmental impacts of its
wastewater, a source of much concern for people living near the plant.
In response to the tightening of regulatory enforcement after the estab-
lishment of SEPA in 1995, TT1 commissioned its first environmental au-
dit whose findings recommended the adoption of a wastewater treatment
technology as required by the effluent limitation regulation.
An advanced wastewater treatment technology was subsequently

adopted by TT1. According to TT1 interviewees, the motivations for the
decision to implement wastewater treatment technology included envi-
ronmental regulation, parent company norms of environmental manage-
ment, prevention of environmental incidents and improvement of the
firm’s environmental image. In the opinion of the plant manager, it was
difficult to ascribe adoption to any singular factor. However, he claimed
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that the prevention of environmental incidents was the firm’s most im-
portant reason for adoption, followed by the parent company’s norms.

Case Study TT2

A medium-sized local textile firm employing 376 people, TT2 was estab-
lished in the late 1970s and is located on the outskirts of one of Nigeria’s
mid-sized towns. Unlike TT1, the plant appears not to be seriously com-
mitted to environmental management. In spite of the increased environ-
mental awareness in Nigeria in the last decade, TT2 did not adopt a
wastewater treatment plant until it was partially sealed off by SEPA in
1996. The partial forced closure was due to community pressure based
on concerns about the seepage of textile effluents into drinking water
wells. The risks of groundwater contamination are particularly high be-
cause this textile plant is sited on a higher elevation than the surrounding
community.

The community demanded that TT2 pipe away its wastewater and
compensate the community for the polluted wells. In response to TT2’s
refusal to address their concerns, the community complained to SEPA.
The partial shutdown of the plant was decreed by SEPA, and intended
to close down the dyeing section of the plant responsible for most of the
plant’s wastewater contamination. The dyeing section was reopened after
TT2 had implemented the adoption of a locally built secondary waste-
water treatment plant.

Conclusion: Third-party factors as complements to
environmental regulation

The above case studies illustrate the impact of third party factors in ad-
vancement of environmentally benign technical change in two sectors.
These case studies demonstrate that environmental policy, though neces-
sary, is not sufficient in effecting environmentally responsible behaviour
by firms. Table 6.4 presents the summary of the third-party factors that
seem to have played important roles in the adoption of industrial waste-
water treatment technologies in the two sectors.

In developing countries where environmental regulation is weak, third
party factors can and do provide additional influence on how firms man-
age environmental impacts. However, it has to be recognized that third-
party factors are incapable of acting on their own without the backing of
an environmental regulatory regime. For example, in each of the case
studies, third parties were not able to influence companies to implement
environmentally benign technologies without the intervention of environ-
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mental regulators, who had formal authority and supporting legislation.
Even where third parties are parent companies of multinational corpora-
tions with high environmental performance norms, a decision to adopt
wastewater treatment plants was not taken until regulatory demands
were enforced.
It appears from the Nigerian experience that it is possible for third-

party factors to catalyse processes that result in superior environmental
performance by firms that lack commitment to environmental protection
in the first instance. This is illustrated by case study FP4. The challenge
posed by the findings of this research is how to expand the scope of envi-
ronmental regulation to utilize input from third-party factors that have
specific interest in industry’s environmental performance.
Third parties may serve as important sources of information on the

actual environmental performance of firms. Information asymmetries be-
tween regulators and industrial firms may thus be reduced. As the case
studies demonstrate, information received by regulators from third par-
ties could form the basis for sanctions that may force firms to embark on
environmental innovation. Information based on third-party factors could
increase the returns on investments in compliance-monitoring resources.
Such information can also be used to prioritize the severity of problems
and reduce the potential for environmental incidents.
In the case of parent companies as a third party, it is plausible to ex-

pect a poor environmental performer to cover up non-compliance where
compliance monitoring is weak. It is possible for regulators to isolate
such cases for more regular inspection visits, which may stimulate the
parent company to intervene and make the necessary operational adjust-
ments to bring the affiliate firm into compliance. From the Nigerian expe-
rience, however, affiliates of multinational corporations appear to be gen-
erally more committed to environmental management when compared to

Table 6.4 Summary of third-party factors

Sector Case study Third-party factors

Food processing FP1 Community NGO, parent company’s
environmental norms

FP2 Public water corporation
FP3 Parent company’s environmental norms
FP4 Other manufacturing firms, parent company’s

environmental norms

Textiles TT1 Local community, parent company’s
environmental norms, environmental
technology supplier

TT2 Local community pressure
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local firms, and this is reflected in the adoption of the wastewater treat-
ment technology. Sixty-eight per cent of the affiliates of multinational
corporations in the research sample had adopted wastewater treatment,
whereas only 27% of the locally owned plants had adopted wastewater
treatment.17

It is also important to note that only one out of the wastewater treat-
ment technologies adopted by the case study firms performed satisfacto-
rily in meeting the regulatory requirement for effluent quality (see case
study TT1). There may be a case of regulatory standard being higher
than the majority of firms in Nigeria could comply with, given the existing
local conditions under which they operate. Since it is difficult to conclude
that the case of TT1 is typical of Nigerian industrial firms, it is expedient
for the regulatory authorities to re-examine the effluent standards to en-
sure that they are adequate and achievable.

Notes

1. See, for example, Porter and van der Linde (1995) and Hart and Ahuja (1996) on devel-
oped countries, and Adeoti (2002) on developing countries.

2. FEPA was merged with some environment-related departments to form the Federal
Ministry of Environment in January 2001. The use of FEPA is retained in this paper
for clarity.

3. As at the time of this research, these zonal offices were located at Ibadan, Kaduna,
Kano, Lagos, Maiduguri, Owerri and Port Harcourt. The Lagos office also serves as
the headquarters of the industrial compliance monitoring and enforcement department
of FEPA.

4. As of 1999, these laboratories included the National Reference Laboratory (NRL) lo-
cated in Lagos, and two zonal FEPA laboratories located in Port Harcourt and Kano.
Other pollution control laboratories also exist in some state environmental protection
agencies. While some of these laboratories have existed for almost as long as their par-
ent institutions, they were not adequately equipped until a World Bank-assisted pro-
gramme on environmental management was implemented in 1998 (see Daily Monitor,
16 October 1998: 16). It is nonetheless yet to be seen whether the Nigerian environmen-
tal regulatory authorities can maintain and further equip these laboratories for effective
industrial pollution control.

5. Nigeria has 36 states and a Federal Capital Territory (FCT). Each state (and the FCT)
has a SEPA or an environmental protection board.

6. Lagos State has at least 10% of the Nigerian population and some estimates indicated
that the state has 60 to 70% of industry in Nigeria (see Lubeck 1992: 17 and LASEPA
1999).

7. For further details on the environmental regulatory regime in Nigeria with respect to
industrial pollution control, see FEPA (1991b) and Adeoti (2002).

8. See Porter and van der Linde (1995) on ‘‘innovation offsets’’.
9. Adeoti (2002) presents a major deviation from this trend by analysing the technological

impact of the Nigerian industrial pollution control policies.
10. These data are computed from UNIDO industrial statistics database 2001 CD-ROM.

The data are based on the available information for 1994. Since there has been no ex-
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traordinary development that would have a drastic impact on Nigerian manufacturing,
these statistics are not expected to be significantly different from what could have been
obtained at the time of this research. In 1994, the food-processing and textiles sectors
respectively contributed 16.1% and 13.3% of total manufacturing output; 22.1% and
10.3% of total manufacturing value added; and 14.7% and 14.0% of total manufacturing
employment.

11. Manufacturing in Nigeria is concentrated in the Lagos-Otta-Agbara industrial cluster,
the Kano-Kaduna axis and Port Harcourt-Aba industrial zone.

12. According to UNDP (2001), only 57% of Nigerians have access to improved water
sources, which includes household connections, public standpipes, boreholes with hand
pumps, protected dug wells, protected springs and rainwater collection. Many of these
improved sources may not guarantee the provision of safe drinking water because of
the high risk of contamination during transportation from fetching point to point of use.

13. ‘‘Clean in place’’ operation for periodic washing of process lines and equipment.
14. According to UNEP (1993: 17–18), pollutants arise from the dirt and grease that is re-

moved from raw natural fibres, as well as from process chemicals and dyestuffs that are
lost during operations. The extensive use of synthetic chemicals in particular can lead to
serious environmental and occupational impacts if proper precautions are not taken.
Air pollution can arise from dyeing and finishing agents, and in the form of oil mists
from machinery. Land pollution may occur from the uncontrolled dumping of chemical
residues and treatment plant sludges. . . . Even with more-efficient processes and better
handling, there will generally remain some effluent, and some waste residues. Adequate
treatment processes exist for the most common pollutants, with only colour removal
sometimes presenting any real difficulty.

15. Textile firms producing African wax prints import wax. The recovery of wax from
wastewater effluent streams is a very dirty and difficult process. However, because of
the high costs of wax, textile plants are being compelled to introduce wax recovery pro-
cesses.

16. The effluent limitation regulation only recommends ‘‘best available technology’’ or
‘‘best practicable technology’’ or ‘‘technology that limits emission to the uniform efflu-
ent standards’’.

17. The research sample of 122 firms had 91 local firms and 31 affiliates of multinational
corporations.
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7

Innovation on clean technology
through environmental policy:
Emergence of the ion exchange
membrane process in the Japanese
chlor-alkali industry

Masaru Yarime

Responding to the serious concern with regard to the contamination of
air, water and soil with pollutants such as non-degradable toxic metals,
policymakers around the world have been introducing regulations with
the aim of reducing emissions from industrial activity. While there has
been a decline in emission rates of pollutants in recent years, reflecting
the efforts devoted to pollution abatement in most industrialized coun-
tries, there is also a growing concern about the negative impacts of in-
creasingly tightened environmental regulations on industry (Jaffe et al.
1995). It is argued that stringent environmental regulations force firms
to invest in compliance at the expense of competitiveness against coun-
tries where regulations are lax. Environmental restrictions impose signif-
icant costs and slow productivity, and thereby hinder the ability of com-
panies to compete in international markets (Palmer, Oates and Portney
1995). Theoretical analysis is often employed to show that environmental
regulations reduce productivity by requiring firms to invest additional re-
sources on pollution abatement and control without increasing produc-
tion output.
From a different perspective, an increasing number of people claim

that stringent environmental regulations actually enhance the competi-
tive position of firms. They argue that the ever-increasing stringency of
environmental regulations encourages firms to conduct more research
and development (R&D) activities and, consequently, become more in-
novative in the long run (Porter and van der Linde 1995a). That is, the
necessity to comply with environmental policy prompts companies to re-
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examine their products and production processes. This re-examination
often leads to technological improvements and innovation. Spurred by
stringent environmental regulations, companies will go beyond mere
compliance with regulations and may succeed in creating radically new
technologies. Successful cases from the United States are cited to claim
that stringent environmental regulations actually encourage innovation
in industry (Porter and van der Linde 1995b).

The opposing views on the costs and benefits of regulations remain far
from reconciled, and the debate continues. This chapter contributes to
this debate by examining how environmental regulations affect the
course and character of technological change through innovative activ-
ities in industry. As it is very difficult to measure the stringency of envi-
ronmental regulations and their effects on subsequent innovations at
aggregate levels, a detailed case study is conducted at a micro-level for
the Japanese chlor-alkali industry. The analysis is intended to shed com-
plementary light on the question of how environmental regulations influ-
ence firms’ activities with regard to the development and adoption of new
technologies. It does so by conducting interviews with companies and
policy makers as well as analysing detailed data on patents and techno-
logical processes. While previous empirical studies mainly dealt with the
effects of environmental regulation either on the invention or the diffu-
sion of new technologies, this chapter examines the whole process of in-
novation, which covers the technological situation prior to the introduc-
tion of environmental regulations, the development of new technologies
by innovators and their adoption by the innovating and other firms.

Three production technologies in the chlor-alkali industry

The chlor-alkali industry basically produces chlorine and caustic soda
through electrolysis. An aqueous solution of sodium chloride (salt) is de-
composed with direct current to produce chlorine, hydrogen and sodium
hydroxide, that is, caustic soda. Since the electrolytic production of chlo-
rine and caustic soda depends on a large amount of electricity, the chlor-
alkali industry is a major user of electric power, and indeed its unit con-
sumption of electricity is the one of the largest, following the aluminium,
carbide and ferro-alloy industries. The Japanese chlor-alkali industry, for
instance, consumed approximately 10.7 billion kWh of electricity in 1996,
accounting for 3% of the total industry consumption and 18% of the total
chemical industry consumption (Japan Soda Industry Association 1998).
As energy accounts for a significant part of the total manufacturing cost,
one of the major targets of innovative activities in the chlor-alkali indus-
try has been to develop technologies to reduce energy consumption.
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Currently, there are three types of electrolytic processes in use for the
commercial manufacturing of chlorine and caustic soda in the world: the
mercury process, the diaphragm process and the ion exchange membrane
process. Each process represents a different method of keeping the chlo-
rine produced at the anode separate from the caustic soda and hydrogen
produced, directly or indirectly, at the cathode. Naturally, mercury is
used in the mercury process, whereas the diaphragm process and the ion
exchange membrane process do not involve any use of mercury. Figure
7.1 shows the shares of the three processes in the chlor-alkali industry in
western Europe, the United States and Japan. As figure 7.1 illustrates,
different production processes are dominant in the three regions. In west-
ern Europe, approximately 60% of the chlor-alkali plants are based on
the mercury process. In the United States, more than 70% of the chlor-
alkali plants are using the diaphragm process. In Japan, while there are
no chlor-alkali plants based on the mercury process, the ion exchange
membrane process has been adopted by more than 90% of the chlor-
alkali plants. In western Europe and the United States the diffusion of
the ion exchange membrane process is limited to approximately 10%.
The mercury process and the diaphragm process for chlor-alkali pro-

duction were invented almost in the same period, at the end of the nine-

Figure 7.1 Shares of the mercury, diaphragm and ion exchange membrane pro-
cesses in western Europe, the United States and Japan in 1998
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teenth century. Since then, technologies for the mercury process have
been mainly developed in western Europe whereas United States compa-
nies have been involved in improving technologies for the diaphragm
process. The Japanese chlor-alkali industry initially introduced both pro-
cesses from western Europe and the United States at the beginning of the
twentieth century. After the end of the Second World War, technological
progress in the United States was pursued on the diaphragm process and
has remained the dominant technology in that country. In contrast, re-
search and development efforts were devoted to improving the mercury
process in western Europe and Japan. Through learning and knowledge
accumulation, based on the increased adoption in the chlor-alkali indus-
try, technologies for the mercury process were improved further, and
more chlor-alkali producers adopted the mercury process in these two re-
gions. By the late 1960s, the mercury process had come to dominate the
chlor-alkali industry in Japan as well as in western Europe. Since regula-
tions were introduced on the emission of mercury to the environment,
divergent courses of technological change have been observed in the
chlor-alkali industry between western Europe and Japan.

Regulatory decision on the phase-out of the
mercury process

In May 1956, four cases of an unknown disease with nervous symptoms
were reported in Minamata in the southern part of Japan. Further inves-
tigations revealed that more patients were suffering from the same symp-
toms among inhabitants in the Minamata Bay area. Although heavy met-
als such as selenium, manganese and thallium were initially suspected as
the agent causing the disease, it proved to be methyl mercury poisoning
caused by ingestion of seafood caught in Minamata Bay and the neigh-
bouring seas; hence it came to be called the Minamata disease (Tsubaki
and Irukayama 1977). While it later became clear that the methyl mer-
cury which caused the Minamata disease was emitted from an acetalde-
hyde plant nearby, at that time there was no scientific explanation as to
why methyl mercury, a form of organic mercury, was formed in the acet-
aldehyde plant where acetaldehyde was synthesized from acetylene with
the use of inorganic mercury as a catalyst.

Having seen the misery of the Minamata disease in at least 700 pa-
tients, recognized by the government by the end of 1972, the general
public started to raise grave concerns about seawater pollution. The Ba-
sic Law for Environmental Pollution Control had been enacted in August
1967, establishing environmental quality standards based on the designa-
tion of pollutants’ target ranges, the liability of polluters and the re-
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sponsibilities of the national as well as local governments. Subsequent
regulations set limits to control the levels of mercury released to the en-
vironment. The chlor-alkali industry, which was using a large amount of
mercury in the 1960s, particularly received public attention, although
emissions from the industry did not include any trace of methyl mercury,
the organic mercury that caused the Minamata disease. Without any or-
ganic substances involved in the relevant chemical reactions, there was
no possibility for the formation of organic mercury within chlor-alkali
plants. Nevertheless, in the presence of a significant degree of uncer-
tainty in the scientific mechanism of the transformation of mercury in
the environment, the Ministry of International Trade and Industry
(MITI) started to investigate mercury uses in chlor-alkali plants in June
1968. In February 1969, all the waters linked to chlor-alkali plants based
on the mercury process became subject to the Law for the Conservation
of Water Quality in Public Areas (Japan Soda Industry Association
1982). At this point the emphasis of the regulatory measures was on
how to reduce, but not necessarily eliminate, mercury emissions into the
environment.
In May 1973 a newspaper article suggested that a case of Minamata

disease was discovered in the Ariake Sea area in Kyushu (Asahi Shinbun
1973a). Just one month later the same newspaper reported a similar inci-
dent, which happened near Tokuyama Bay in the western part of Japan
(Asahi Shinbun 1973b). As both cases were linked to industrial com-
plexes with chlor-alkali operations, pressure was mounting on the gov-
ernment to stop mercury emissions from these plants, although there
was no scientific evidence to support these allegations. Many fishermen
went on demonstrations against mercury-based chlor-alkali plants in
coastal areas throughout Japan, and some of the plants were actually
forced to halt operation. The Environmental Agency, which had been
established just two years earlier, organized the Health Examination
Committee and conducted medical examination of inhabitants of nine
marine areas, including the Ariake Sea and Tokuyama Bay areas. The
conclusion was that no case of the Minamata disease or methyl mercury
poisoning was found in any area other than Minamata Bay and its neigh-
boring seas (Irukayama 1977). However, the public pressure for immedi-
ate action was so fierce that the Japanese government was prompted to
take measures to cut mercury emissions.
In the wake of the controversies triggered by the newspaper reports,

the government established the Council for the Promotion of Counter-
measures against Mercury Pollution (Countermeasures Council) in the
Environmental Agency in June 1973. It was chaired by the minister of
state for environment, assisted by the administrative vice-minister and
the state secretary for environment, and consisted of members from
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twelve ministries and agencies in the government (Japanese Ministry of
International Trade and Industry 1979). At its first meeting the Counter-
measures Council decided that the installation of the closed system for
effluents containing mercury should be completed by the end of Septem-
ber 1974. To meet this objective, chlor-alkali producers were required to
commit to converting as many mercury plants as possible to the dia-
phragm process by the end of September 1975.

Criticizing the decision, the chlor-alkali industry association argued
that there were many technical as well as economic difficulties in the con-
version of the existing mercury plants to the diaphragm process and that
the conversion would take a long period of time (Japan Soda Industry
Association 1973a). The request of the industry was also handed over to
the minister of the Environmental Agency when the representatives of
the industry visited the agency to discuss the issue (Japan Soda Industry
Association 1973b). With industry’s request not accepted by the minister,
however, the Countermeasures Council agreed at its third meeting in No-
vember 1973 that two-thirds of the existing mercury plants were to be
converted to the diaphragm process by September 1975 and the remain-
ing one-third by March 1978 (Council for the Promotion of Counter-
measures against Mercury Pollution 1973). This decision meant an imme-
diate undertaking by many of the existing mercury plants to convert from
the mercury process to the non-mercury, diaphragm process.

With a mandate to implement the Countermeasures Council’s decision,
the Committee for the Promotion of Process Conversion in the Soda In-
dustry (Conversion Committee) was established in September 1973 as a
private consulting body to the director-general of MITI’s Basic Industries
Bureau. The members of the Conversion Committee were selected from
banks, academics, journalists and industry to reflect the multiplicity of is-
sues and diversity of stakeholder interests (Japan Soda Industry Associa-
tion 1974). Along with a subcommittee, three expert groups were orga-
nized on finance and tax, technology and regulation and supply and
demand coordination to have more detailed and informed discussions on
the schedule and criteria for the process conversion programme and the
financial and tax incentives to support it. The criteria for the conversion
of mercury plants set a limit for mercury consumption by the soda indus-
try. The plants that exceeded the limit were to convert by September
1975 while those that did not exceed the limit had to convert by March
1978 (Japanese Ministry of International Trade and Industry 1973). To
support newly converted production facilities, tax reductions were also
introduced (Japan Soda Industry Association 1985). Initially the dia-
phragm process was the target of the tax reduction scheme, but was sub-
sequently expanded to include the ion exchange membrane process.

The official decision to phase-out of the mercury process was made at a
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time when this process was the dominant technology for chlor-alkali pro-
duction in Japan, accounting for 95% of the total capacity (Japan Soda
Industry Association 1982). In replacing the mercury process, the only al-
ternative technology available at that time was the diaphragm process,
which was used for only 5% of the industry. As the regulatory schedule
for process conversion required that two-thirds of the mercury process
plants must be converted to the diaphragm process in just two years, the
affected firms had to imitate, rather than innovate, to convert their pro-
cesses. Consequently, technologies necessary for the diaphragm process
had to be adopted mostly from foreign companies. Reflecting the most
advanced development of the diaphragm process in the United States at
that time, many of the technologies adopted for the diaphragm process
were provided by American suppliers; Diamond Shamrock based in the
US accounted for 32% of the total capacity, while Hooker and PPG ac-
counted for 27% and 26% respectively (Chlorine Engineers Corp. 1999b;
European Chemical News 1974). Only 15% of the total production capac-
ity relied on technologies provided by Japanese companies. While Nip-
pon Soda, Tsurumi Soda and Showa Denko had previous technical expe-
riences on the diaphragm process, the technology developed by Kureha
Chemical Industry was the first to be introduced for commercial purposes
in the chlor-alkali industry (Japan Soda Industry Association 1982; Kanto
Denka Kogyo 1998; Nikkei Sangyo Shinbun 1975a, 1975b; Shibata,
Kokubu and Okazaki 1977; Showa Chemical 2001; Takeshita 1990; Tsur-
umi Soda 2001). Under the policy schemes, the first diaphragm plant that
converted from the mercury process started to operate in March 1974,
and other conversions followed in the subsequent period up to 1976.
As many mercury-based plants were converted to the diaphragm pro-

cess, however, the concerns about the high production cost of the dia-
phragm process coupled with lower quality caustic soda came to affect
the industry significantly. Many users who had previously purchased
caustic soda produced by the mercury process demanded the same level
of high quality for caustic soda. For about 25% of all the applications,
caustic soda produced by the diaphragm process was considered not to
be suitable, especially for the manufacture of rayon, a thin fibre with a
diameter in the order of micrometres which was said to be weaker and
more susceptible to breaking when produced using low-quality caustic
soda (Japan Soda Industry Association 1982). As the demand for the
poor-quality caustic soda was low, manufacturers who had already con-
verted their plants to the diaphragm process had difficulties in selling
their products to customers. They demanded a level playing field, which
meant that diaphragm and mercury plant operators should consume and
sell caustic soda produced by the diaphragm and mercury processes in
the same proportion by making barter trades between themselves. In re-
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sponse to these concerns, in June 1975, MITI issued an administrative
guidance according to which caustic soda producers were to submit their
production plans every three months to the ministry, which in turn re-
vised the production plans based on its demand projection for the quarter
and mediated the barter trades (Japanese Ministry of International Trade
and Industry 1975).

Furthermore, the diaphragm process was at a disadvantage in terms of
energy consumption, which occupies a major part of the chlor-alkali pro-
duction. At that time, the energy consumption of the diaphragm process
was approximately 3,400 kWh per ton of caustic soda, well above 3,200
kWh per ton of caustic soda for the mercury process (Japan Soda In-
dustry Association 1975). This difficulty was aggravated by the oil crisis
of the early 1970s. The price of electricity used for chlor-alkali produc-
tion almost tripled after the first phase of the energy crisis, from 3.10
yen/kWh in 1970 to 9.10 yen/kWh in 1977 (Japan Soda Industry Associa-
tion 1988). By the early 1980s, the electricity price for chlor-alkali pro-
ducers had reached 14.80 yen/kWh, a level more than four times larger
than the price at the beginning of the 1970s. As the cost of caustic soda
produced at newly constructed diaphragm plants became significantly
larger than that at the existing mercury plants, the barter trading system
was modified in October 1976 to include financial compensations reflect-
ing the cost difference. Under this arrangement mercury process opera-
tors compensated their counterparts using the diaphragm process (Japan
Soda Industry Association 1980a).

The first phase of the conversion programme was completed in April
1976, half a year behind schedule, due to the technical as well as eco-
nomic problems. By that time, the share of the diaphragm process had
increased significantly to about 60% from less than 5% prior to the com-
mencement of the conversion programme. Chlor-alkali producers who
were still operating mercury-based plants insisted that they did not have
sufficient financial resources to conduct more process conversions and
lobbied the ruling Liberal Democratic Party as well as MITI for postpon-
ing the implementation of the second phase of the process conversion
programme (Japan Soda Industry Association 1979a). At the fourth
meeting of the Countermeasures Council in May 1977, while the mem-
bers were informed that the caustic soda produced by the diaphragm pro-
cess had a low quality and thus was very difficult to use, it was reported
that a newly developed process, the ion exchange membrane process, was
in a process of rapid progress and that it was expected to be able to pro-
duce high-quality caustic soda. Taking into account the emergence of
a new, promising technology, the Countermeasures Council made a deci-
sion that the implementation of the second phase of the conversion pro-
gramme should be suspended until an appropriate evaluation could be
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made on the feasibility of the ion exchange membrane process for the
whole industry (Council for the Promotion of Countermeasures against
Mercury Pollution 1977).

Emergence of the ion exchange membrane process

The ion exchange membrane process operates in a similar way to the di-
aphragm process, with basically the same chemical reactions involving no
use of mercury throughout the whole production process. However, the
ion exchange membrane process, unlike the diaphragm processes, also
produces the same high-quality caustic soda as the mercury process. In
contrast to the end-of-pipe technology, which is installed to reduce emis-
sions of pollutants like mercury at the end of the production process, the
ion exchange membrane process is a prime example of clean technology,
eliminating inputs that generate pollutants at the end of the process. The
critical component for the well functioning of the ion exchange mem-
brane process is ion exchange membranes. While ion exchange mem-
branes determine the performance of electrolytic cells, including the cur-
rent efficiency and cell voltage and hence energy consumption, they also
need to have sufficient strength to withstand severe exposure to chlorine
on one side and strong caustic soda on the other in electrolytic cells. Al-
though the idea of the ion exchange membrane process for the produc-
tion of chlorine and caustic soda had been known for many years, earlier
work failed as a result of non-availability of suitable ion exchange mem-
branes that could resist the very demanding conditions within chlor-alkali
cells. A significant amount of research and development effort was re-
quired to invent ion exchange membranes that would be suitable for
chlor-alkali production.
To investigate the extent of innovative activities conducted by Japa-

nese firms, the research for this chapter analysed data on patent applica-
tions on the ion exchange membrane process, along with those on the
mercury and diaphragm processes. Figure 7.2 shows the trends in success-
ful applications for Japanese patents by firms based in Japan from the
late 1960s to the late 1980s. Patent data on technologies related to the
mercury process were obtained from the data assembled by the Japan
Soda Industry Association (1982). The data set covers patents granted
up to the end of the 1970s. Patents on technologies related to the dia-
phragm process and the ion exchange membrane process were selected
by using the data set constructed by the industry association and shared
by its member companies (Japan Soda Industry Association 1976, 1977,
1978a, 1978b, 1979b, 1991a, 1991b, 1992a, 1992b). The data set contains
both granted patents and unexamined patent applications that were pub-
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lished before 1988. Successful (granted) patent applications were selected
and classified according to the three processes (mercury, diaphragm and
ion exchange membrane). The selected patents are arranged by the year
of application, rather than by the year of publication. As information on
the date of patent applications is not included in the data on the mercury
process, a two-year lag was assumed between patent application and
granting.

As figure 7.2 demonstrates, most of the patents granted in the late 1960s
were related to the mercury process. The number of successful patents on
the mercury process rose at the beginning of the 1970s, as the general
public’s concern on mercury pollution increased. It then decreased subse-
quently, coinciding with the government decision that the mercury-based
plants in the Japanese chlor-alkali industry were to be phased out rather
quickly. Patents successfully applied on technologies related to the dia-
phragm process were few in the later 1960s and the early 1970s. They in-
creased to some extent in the middle of the 1970s, as patent applications
on the mercury process declined. Then, successful patent applications on
the diaphragm process started to drop in the late 1970s, and had almost
stopped by the middle of the 1980s. With regard to the ion exchange
membrane process, although several patent applications had already

Figure 7.2 Japanese patents successfully applied for by Japanese companies on
the mercury, diaphragm and ion exchange membrane processes
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been made in the late 1960s, most of the patents granted were on ion ex-
change membranes based on hydrocarbon polymers. These patented
technologies were intended mainly for producing salt from seawater,
and the application of ion exchange membranes for use in chlor-alkali
electrolytic cells was very limited. In the early 1970s, at the time of the
government’s decision to phase out the mercury process in Japan, appli-
cations for patents on ion exchange membranes started to rise. After a
patent application was filed on a new type of ion exchange membrane
based on fluorocarbon polymers, on which there had been only one pre-
vious patent application, other patent applications continued for this type
of membrane. Then, successful patent applications on the ion exchange
membrane process increased rapidly until 1980 and declined in the 1980s,
although they remained large, compared with those on the mercury or di-
aphragm process, throughout that decade.
The analysis in this study focused on the Japanese firms that had been

innovative in the mercury process, namely, Mitsui Engineering and Ship-
building, Osaka Soda, Kureha Chemical Industry, Asahi Glass, Toyo
Soda, Tokuyama Soda and Asahi Chemical Industry, and those compa-
nies that had been innovative in the diaphragm process, namely, Nippon
Soda, Tsurumi Soda and Showa Denko (Yarime 2003). Detailed analysis
of patents shows that Asahi Chemical Industry, Asahi Glass and To-
kuyama Soda applied successfully for many patents on the ion exchange
membrane process. The three companies had earlier experiences of de-
veloping and utilizing ion exchange membranes. Traditionally, salt was
produced in solar fields in Japan, where natural rock salt has not been
available, and that was labour-intensive and constantly subject to adverse
weather, with little prospect of significant improvement. In trying to de-
velop a new efficient process for salt production from seawater, the three
Japanese companies started to conduct R&D activities on ion exchange
membranes in the 1960s. As ion exchange membranes were initially
based on hydrocarbons however, they could not maintain their chemical
stability in a strong alkaline environment and hence were not readily us-
able for chlor-alkali production. Although the idea of using ion exchange
membranes for electrolytic chlor-alkali production had existed since the
1950s, a complete lack of suitable ion exchange membranes prevented in-
dustrial realization of the ion exchange membrane process.
Then, a new type of ion exchange membrane, Nafion, released by Du

Pont, was made available to the Japanese chlor-alkali industry in the
early 1970s. The availability of Nafion provided a fertile technological
springboard for innovation on ion exchange membranes to be applied
for chlor-alkali production. Almost in the same period, the government
made the decision to phase out all the mercury-based plants in Japan.
This policy created a demand for clean technologies with which to re-
place the mercury process, and in particular provided a significant impe-
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tus for those companies that had expertise with ion exchange membranes
to intensify research efforts to develop the ion exchange membrane pro-
cess for chlor-alkali production. While the government did not directly
give any financial aid to support their R&D activities on the ion exchange
membrane process, the policy worked to assure the innovative companies
that the demand for alternative processes would be large, and they were
thus encouraged to invigorate R&D efforts for developing the ion ex-
change membrane process.

The patent analysis also revealed that Mitsui Engineering and Ship-
building, Kureha Chemical Industry and Osaka Soda, which had been in-
novative on the mercury process as well, did not make successful patent
applications on technologies related to the ion exchange membrane pro-
cess. Mitsui Engineering and Shipbuilding, through establishing an engi-
neering company, Chlorine Engineers Corp. (CEC), immediately after
the phase-out decision focused on cleaning techniques to eliminate mer-
cury from the production process. With insufficient experience in the ion
exchange membrane process, CEC chose the diaphragm process for their
technological target and decided to introduce technologies from foreign
companies, particularly those in the United States. Similarly, Kureha
Chemical Industry chose the diaphragm process as its R&D target, fol-
lowing the government decision on the phase out of the mercury process.
The company succeeded in developing a diaphragm-based electrolytic
cell, used later to convert one of its own mercury-based plants. Although
the patent data suggests that R&D activities were conducted later in the
1970s, Kureha Chemical Industry did not develop its own technologies
for the ion exchange membrane process until much later. Osaka Soda fo-
cused R&D efforts on the diaphragm process, following the earlier gov-
ernment policy.

As discussed earlier, the diaphragm process turned out to be inappro-
priate for producing high-quality caustic soda. In the meantime, having
seen rapid progress in developing new types of ion exchange membranes
by Asahi Chemical Industry, Asahi Glass, Tokuyama Soda and Asahi
Chemical Industry took advantage of the government decision to phase
out the mercury process by cooperating with several chlor-alkali pro-
ducers in R&D activities on electrolytic cells designed for use in the ion
exchange membrane process.

Regulatory change and diffusion of the ion exchange
membrane process

The rapid progress in the technological performance of the ion exchange
membrane process prompted the government to establish an expert
group for a technical evaluation of the emerging process. The Expert
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Committee for Technical Evaluation of the Ion Exchange Membrane
Process (Evaluation Committee) embarked upon its assigned task in
June 1977, with all of its four members coming from academic institutes
(Expert Committee for Technical Evaluation of the Ion Exchange Mem-
brane Process 1977). This selection of academic members was intended
to help the committee conduct the technological evaluation from a neu-
tral position, avoiding the intervention of particular industrial or corpo-
rate interests. The Evaluation Committee made a thorough examination
of several technologies which were being developed at that time by chlor-
alkali companies, domestic as well as foreign, through documents, inter-
views, and in some cases, visits to plant sites. Various aspects were scruti-
nized, ranging from technical performance, such as power consumption
and product quality, durability and stability, to environmental and safety
measures and construction and operational costs. In October 1977, the
Evaluation Committee acknowledged that the ion exchange membrane
process technology had reached a level appropriate for industrialization,
but called for a more cautious approach to the evaluation of the new pro-
cess, taking into full account the importance of caustic soda and chlorine
as basic chemical materials and thus their impact on other industries. The
committee stated that the viability of the new technology must be demon-
strated through the durability of various materials and the operational
performance of plants. Since there was insufficient data on these aspects
at the time, the committee members thought it necessary to continue
their observations and to obtain more data on the operation of commer-
cial plants for at least two years (Expert Committee for Technical Evalu-
ation of the Ion Exchange Membrane Process 1977).
Based on these findings, the government decided to interrupt the im-

plementation of the process conversion programme for two years. In Sep-
tember 1978, almost one year after the publication of the first report, the
members of the Evaluation Committee resumed their activities to con-
sider the technological progress made during the past year. Their investi-
gation revealed that, as several companies had assiduously conducted
R&D activities, considerable progress had been made on the ion ex-
change membrane process. Asahi Chemical Industry’s first commercial
plant and Asahi Glass’s demonstration plant had already experienced
stable operation for several years. Another commercial plant constructed
by Asahi Chemical Industry, and the first commercial plant of Asahi
Glass, had been functioning reliably since the beginning of their opera-
tions, though for shorter periods. Tokuyama Soda had also started to op-
erate commercial plants, and both had been running without any serious
problems since the replacement of the original ion exchange membranes
with those currently in use. These examples of stable and reliable plant
operation convinced the members of the Evaluation Committee that the
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ion exchange membrane process not only eliminated mercury emissions
into the environment, but had also surpassed the mercury process in the
efficiency of energy consumption while producing caustic soda with the
same quality. Taking into account the operating experiences of various
plants overall, the Evaluation Committee concluded that the ion ex-
change membrane process in Japan had reached a level that could be re-
garded as an established industrial technology (Expert Committee for
Technical Evaluation of the Ion Exchange Membrane Process 1979).

Prompted by this conclusion, the Countermeasures Council started to
review the regulatory schedule that had been initially fixed in a rigid,
short-term framework. At its fifth meeting held in September 1979, the
Countermeasures Council reached an agreement that the remaining mer-
cury process plants were to be converted by the end of 1984 (Council for
the Promotion of Countermeasures against Mercury Pollution 1979).
This extension of the deadline for process conversion was intended to en-
able the operators of mercury-based plants to adopt the more efficient
ion exchange membrane process, instead of the diaphragm process, in
the second phase of the process conversion programme. Although some
manufacturers who had heavily depended on the mercury process argued
that they would need more time to see whether the newly developed ion
exchange membrane process could be really reliable at the industrial level
(Japan Soda Industry Association 1980b; Katsumura 1979), the Counter-
measures Council did not change its revised schedule for the completion
of process conversions at subsequent meetings (Council for the Promo-
tion of Countermeasures against Mercury Pollution 1980, 1981, 1982).

Following the regulatory revision, the ion exchange membrane process
technologies developed by the innovating companies came to be provided
to other chlor-alkali producers in Japan. Figure 7.3 shows the trends in
the supply of the diaphragm process and the ion exchange membrane
process by the Japanese companies.

Immediately following the decision to phase out the mercury process,
the supply of the diaphragm process increased rapidly and reached its
peak in the middle of the 1970s. While the provision of the diaphragm
process then declined quickly and ceased in 1980, the ion exchange
membrane process started to be supplied in the middle of the 1970s and
showed a large increase in the 1980s. After the supply of the ion ex-
change membrane process declined in the late 1980s, following the com-
pletion of the process conversion programme in Japan, it picked up again
in the 1990s. In particular, Asahi Chemical Industry, Asahi Glass and To-
kuyama Soda, who had accumulated experiences of utilizing their tech-
nologies at their own chlor-alkali production plants during the second
half of the 1970s, started to provide their technologies to other chlor-
alkali producers in Japan in the 1980s (Asahi Chemical Industry 1998;
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Asahi Glass 1999; Tokuyama 2002). The Chlorine Engineers Corp., on
the other hand, introduced technologies for the diaphragm process from
abroad and began to supply them to chlor-alkali producers in Japan, im-
mediately after the introduction of the government policy for the phase
out of the mercury process (Chlorine Engineers Corp. 1999b). By 1977,
when the initial schedule of the conversion programme was reviewed,
CEC’s diaphragm process had been adopted by many chlor-alkali pro-
ducers in Japan. As the diaphragm process subsequently turned out to
be an inappropriate technology, CEC started to supply its ion exchange
membrane process technologies to chlor-alkali producers at the begin-
ning of the 1980s (Chlorine Engineers Corp. 1999a, 1999c, 2000). In the
middle of the 1980s, as the deadline for the complete abolishment of the
mercury process approached, these four companies provided their tech-
nologies to many Japanese chlor-alkali producers who had to convert
their mercury-based plants. In the late 1980s, having finished supplying
domestic chlor-alkali producers with their ion exchange membrane pro-
cess technologies, these companies started to actively seek foreign cus-
tomers, particularly those in other Asian countries such as Taiwan, South
Korea and China.
The overall trends in Japanese production capacities based on the mer-

Figure 7.3 Supply of the diaphragm and the ion exchange membrane processes
by Japanese firms
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cury process, the diaphragm process, and the ion exchange membrane
process from the early 1970s are shown in figure 7.4.

In 1973, immediately preceding the phase-out regulation, the mercury
process accounted for more than 95% of the total production capacities,
whereas the share of the diaphragm process was negligible. Following the
rigid schedule of the mandate, most of the mercury process plants were
converted to the diaphragm process because its energy consumption was
much lower than that of the infant ion exchange membrane process at
that time, making it the only alternative clean technology that was fea-
sible for industrial applications. The share of the diaphragm process
jumped to more than 60% in just seven years, while the mercury process
share quickly decreased during the 1970s. In that same period, the pro-
duction cost of the diaphragm process was increasing due to the rapid
rise in energy prices following the oil crisis, and serious concern was
growing about the low product quality among chlor-alkali producers
who had already finished converting their plants to the diaphragm
process.

In the meantime, the ion exchange membrane process began to emerge
in the middle of the 1970s and was undergoing significant technological

Figure 7.4 Production capacities of the mercury, diaphragm and ion exchange
membrane processes in the Japanese chlor-alkali industry
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improvement. In the second half of the 1970s, the ion exchange mem-
brane process was initially installed at chlor-alkali plants by the first
movers who had themselves developed the technologies. Although at
that time the technological performance of the ion exchange membrane
process was not favourable compared with the diaphragm process, they
learned by actually using their own technologies for industrial production
and utilized these practical experiences for future developments. As fur-
ther progress had been achieved in technological performance, other
chlor-alkali producers gradually started to introduce the ion exchange
membrane process in the early 1980s, replacing the mercury process and
later the diaphragm process as well. Most of the introductions of the ion
exchange membrane process subsequently took place just a few years
before the extended deadline. The last chlor-alkali plant based on the
mercury process was finally converted at the end of June in 1986, 13
years after the government’s initial decision to eliminate the mercury
process in the Japanese chlor-alkali industry. When the mercury process
was completely abolished, the installed capacity of the ion exchange
membrane process accounted for little more than half of the total pro-
duction capacity. Since then, the share of the ion exchange membrane
process has increased steadily, reaching more than 95% in 1999.
On the other hand, Figure 4 shows that the diaphragm-process share

has decreased steadily since the early 1980s, and the once-dominant pro-
cess currently accounts for less than 5% of the total production capacities
in Japan. This suggests that the mercury-based plants that had been con-
verted to the diaphragm process were soon converted again to the ion ex-
change membrane process. We thus examined how long the chlor-alkali
plants that had introduced the diaphragm process were operational. Fig-
ure 7.5 shows the operating period of the chlor-alkali plants that had
adopted the diaphragm process in Japan. The figure indicates that all of
the chlor-alkali plants that had been converted to the diaphragm process
following the phase-out regulation were subsequently converted to the
ion exchange membrane process. As a result, the operating period of
these diaphragm plants was very short, an average of only 10 years,
which is far shorter than the normal, approximately 40-year period of
plant operation in the case of chemical industry (Society of Chemical En-
gineers of Japan 1998).
Process conversions on this scale require a significant amount of invest-

ment in the industry. Significant resources were allocated in order to
replace the mercury process with the diaphragm process or the ion ex-
change membrane process. The process conversions undertaken from
1973 to 1988 cost the Japanese chlor-alkali industry 334 billion yen as a
whole. Of the total cost of 287.3 billion yen invested in converting the ex-
isting mercury-based plants to the diaphragm or ion exchange membrane
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process, 231.8 billion yen was spent during the first phase of the process
conversion programme implemented from 1973 to 1977 (Japanese Minis-
try of International Trade and Industry 1989). That means that approxi-
mately 80% of the total investment for converting mercury-based plants
was made at the initial stage of the process conversion programme. Dur-
ing this period, 41 plants introduced the diaphragm process whereas only
three adopted the ion exchange membrane process. Assuming that the
investment cost for the construction of a plant was equal between that
of the diaphragm process and the ion exchange membrane process,
more than 90% of the 231.8 billion yen investment spent during the first
phase of the conversion programme was used to introduce the diaphragm
process, which was quickly scrapped.

This demand on financial resources constituted a considerable burden
to the chlor-alkali industry, which had already been severely hit by the
rise in energy prices due to the oil crisis during the same period. The
sum of the industry’s annual turnovers during the first phase of the con-
version programme – that is, from 1973 to 1977 – was 630.9 billion yen
(Japanese Ministry of International Trade and Industry 1985). The finan-

Figure 7.5 Operating period of chlor-alkali plants adopting the diaphragm pro-
cess in Japan

JAPANESE CHLOR-ALKALI INDUSTRY 191



cial resources devoted to converting mercury-based plants to diaphragm-
based plants, which were then converted again to the ion exchange mem-
brane process in a very short period of time, totalled more than one-third
of the industry’s turnover for the same period. This clearly indicates that
the investment necessary for process conversions had a significant impact
on the financial condition of the Japanese chlor-alkali industry as a
whole. In retrospect, these financial resources could have been saved if
the mercury-based plants that existed in the early 1970s had been con-
verted directly to the ion exchange membrane process, without going
through the diaphragm process. To realize that route of technological
change, however, a different regulatory schedule for the implementation
of abolishing the mercury process would have been necessary. If the
phase out of the mercury process had not required implementation with-
in a few short years, allowing some flexibility in timing to test and evalu-
ate the technological progress of alternative clean processes carefully, it
would have been possible for the operators of the mercury process to
switch directly to the ion exchange membrane process, avoiding this con-
siderable waste in investment. However, given the acute public health
and environmental impact of mercury contamination it was necessary
for the government to step in and minimize the damage through the best
available means at the time.

Conclusion

There have been intensive opposing debates with regard to the effects of
environmental regulation on industrial competitiveness. On the one
hand, concerns have been raised about the negative effects of increas-
ingly stringent regulations on industries. That is, stringent environmental
regulations will force firms to invest a considerable amount of financial
resources for compliance, and consequently their competitiveness will be
lost against those firms in countries with lax environmental regulations.
Environmental regulations can impose significant costs and hamper pro-
ductivity, and thereby hinder the ability of companies to compete in in-
ternational markets by requiring firms to spend additional resources for
pollution abatement and control without increasing the output of primary
products. On the other hand, the Porter hypothesis claims that stringent
environmental regulations will actually enhance the competitive position
of firms by encouraging them to undertake more R&D activities and con-
sequently to produce better innovations in the long run. We could con-
sider two versions of the Porter hypothesis. First, the necessity to comply
with increasingly stringent environmental regulations will prompt compa-
nies to re-examine their products and production processes carefully and
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will ultimately lead to an increase in resource productivity by avoiding
unnecessary wastes (Mark I). Second, innovative companies that go be-
yond mere compliance could succeed in creating radically new technolo-
gies that they can then make available to other companies faced with reg-
ulatory constraints (Mark II).

Our analysis suggests that end-of-pipe technology will only increase
the total cost of manufacturing in the first instance. Thus, the argument
that environmental regulations decrease industrial competitiveness would
basically be applicable to the case of the end-of-pipe technology. In con-
trast, structural change such as that experienced by the chlor-alkali indus-
try eliminates the formation of pollution from within the production pro-
cess by altering chemical reactions. As clean technology is a radical
innovation involving the whole production process, the capital invest-
ment for installation is normally larger than end-of-pipe technology.
Adoption of cleaner production techniques thus adds to production costs,
at least initially. It is possible that production costs for the clean technol-
ogy will eventually decrease. At the same time, there is usually more than
one potentially appropriate cleaner production technology, making for a
considerable degree of uncertainty in environmental policymaking and
business decision making.

Increasing public concern about mercury contamination forced the
Japanese government to introduce policy that completely eliminated the
mercury process in Japan. The stringent regulation created a large, se-
cured demand for mercury-free, cleaner production type technologies, in-
stead of end-of-pipe technologies. As the regulatory schedule for the con-
version of the mercury process was initially set with a rigid, short-term
deadline, most of the chlor-alkali manufacturers had no choice other
than to adopt the diaphragm process, which had been long established
at the level of industrial applications. With the limited amount of time
available to conduct research and development, technologies for the dia-
phragm process had to be mainly introduced from abroad. While chlor-
alkali plants based on the mercury process were converted to the dia-
phragm process, the disadvantage of the diaphragm process in terms of
the production cost, combined with soaring energy prices following the
oil crisis and the poor quality of the final product from the diaphragm
process, led to innovation in policymaking to facilitate a successful transi-
tion from a polluting technology (the mercury process) to a cleaner tech-
nology (the ion exchange membrane process).

The stringent policy of abolishing the mercury process provided strong
incentives to work on radically new, clean technologies. Companies with
earlier experiences in developing ion exchange membranes from other
industries were able to seize this opportunity created by binding regula-
tion to innovate with regard to the infant ion exchange membrane pro-
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cess for chlor-alkali production. Through the technical assessment of the
ion exchange membrane process by the expert committee the govern-
ment, acting in an interactive and deliberative manner, modified the orig-
inal schedule for process conversion and postponed the deadline for the
complete elimination of the mercury process. This adjustment to the reg-
ulatory schedule allowed more time for the innovative companies to in-
tensify R&D activities on the ion exchange membrane process and to
gain learning experiences through their own operation of chlor-alkali
plants, promoting further progress in the promising technology. The ion
exchange membrane process advanced to become the best technology.
Currently the vast majority of chlor-alkali plants in Japan use the ion ex-
change membrane process while the technology is increasingly being
adopted by chlor-alkali producers in other countries.
Subsequent incremental improvements to the ion exchange membrane

process technology have improved energy efficiency and made it econom-
ical even compared to the mercury process. One could argue that strin-
gent environmental regulation produced the appropriate impetus for in-
novation in the chlor-alkali industry, as suggested in the Mark I analysis
of the Porter hypothesis. In addition, the developed ion exchange mem-
brane process has been exported to other chlor-alkali producers in coun-
tries such as Taiwan, where there are similar regulations on the use of the
mercury process. This new competitive advantage to the innovative com-
panies through stringent regulation is consistent with the Mark II analysis
of the Porter hypothesis.
The mercury-based plants that had been converted to the diaphragm

process immediately following the policy of mercury elimination, were
later converted again to the ion exchange membrane process. The oper-
ating period of these plants, based on the diaphragm process, turned out
to be significantly shorter than that of plants operated under normal con-
ditions, and the substantial amount of capital invested to introduce the
diaphragm process was not utilized to the full extent until the end of the
plant lifetime and thus effectively ended up wasted. Although the rigid
regulatory schedule was subsequently modified, the technological transi-
tion turned out to be costly. In this sense, the stringent policy of immedi-
ately abandoning the existing mercury process produced a significantly
negative effect on the competitive position of those companies that had
to undertake two successive technological conversions. This suggests that
the effects of environmental regulation on competitiveness are rather
complex, requiring careful examination of conditions surrounding the in-
dustry, companies and technologies.
There are important policy implications from this case study of the Jap-

anese chlor-alkali industry. Environmental regulations should be designed
to encourage innovation in clean technologies, which have the possibility
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of achieving economic and environmental objectives at the same time.
Improving an existing process by developing end-of-pipe technologies is
likely to lead only to additional production costs. Stringent regulations
ought to be implemented in a long-term framework to allow sufficient
time for experience and experimentation with alternative clean technolo-
gies. To do this, it is necessary that regulations accommodate a certain
degree of flexibility to take advantage of the most up-to-date informa-
tion. Institutional mechanisms need to be established to accumulate, as-
sess and diffuse knowledge on clean technologies. This is particularly
important for cleaner technologies that involve a much larger level of un-
certainty than end-of-pipe technologies, particularly in cases where the
speed of technological change is rapid and the uncertainty about future
progress is considerable.

Since it is normally difficult for policymakers to closely keep up with
the rapidly changing state of technological development in industry, di-
rect support for R&D activities focusing on specific clean technologies
would not be sufficient. It is necessary to focus on creating new demands
for clean technologies through regulatory incentives. When resourceful
companies are convinced that there will be large and stable demands for
clean technologies, they are encouraged to make innovative efforts with
these technologies, as the companies did in Japan, even without receiving
any direct support for their R&D activities. Consistent with Kemp’s argu-
ment in this volume, it is important to maintain the diversity of options
for clean technologies and attempt to steer, through policy, various desir-
able technological trajectories.

In acquiring accurate and delicate information and making a proper as-
sessment of evolving technologies, the way in which communication and
information exchange are practiced among policymakers and experts in
industry and academia are particularly important. The recent emergence
of voluntary agreements between industry and government in industrial-
ized countries provides the potential for collaborative arrangements
among industrial firms and between the government and industry. At
the same time, it is also important to maintain objectivity and transpar-
ency in setting the targets and monitoring the results through indepen-
dent actors so as to avoid the hazard of regulatory capture. As each coun-
try has its own peculiarity in the relationship between government,
industry and academia, institutional mechanisms in which information
on technological development is acquired and assessed would be differ-
ent. Accordingly, the appropriate mode of information acquisition and
assessment to encourage innovation in clean technologies could be di-
verse, depending on the locally specific institutional structure. This fur-
ther underlines the centrality of deliberative policymaking in taking ac-
count of context specificities.
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8

Reconfiguring environmental
regulation: Next-generation policy
instruments

Neil Gunningham

The environmental impact of industry, especially pollution, has been sub-
ject to regulation for at least three decades, under an approach that is
somewhat unfairly called ‘‘command and control’’ regulation.1 This ap-
proach typically specifies standards, and sometimes technologies, with
which the regulated must comply (the ‘‘command’’) or be penalized (the
‘‘control’’). It commonly requires polluters to apply the best feasible
techniques to minimize the environmental harm caused by their activ-
ities. Command and control has achieved some considerable successes,
especially in terms of reducing air and water pollution. However, this
‘‘first generation’’ of environmental regulation has been widely criticized
by economists for inhibiting innovation and for its high costs, inflexibility
and diminishing returns.
The problems of command and control can be overstated and its con-

siderable achievements too easily dismissed. At the same time, its limita-
tions have led policymakers and regulators to recognize that it provides
only a part of the policy solution, particularly in a rapidly changing, in-
creasingly complex and interdependent world. However, regulatory
reform must take place in an environment of shrinking regulatory re-
sources, making it necessary in some contexts to design strategies capable
of achieving results even in the absence of a credible enforcement regime
(as when dealing with small and medium-sized enterprises), and in al-
most all circumstances to extract the ‘‘biggest bang’’ from a much dimin-
ished ‘‘regulatory buck’’.
This paper is about how to design regulation and alternatives to regu-
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lation in this economic and political context, in a manner that facilitates
innovation and is both effective in protecting the environment and effi-
cient in that it does so at the least cost to regulators and regulated enter-
prises. It takes as its starting point the proposition that command and
control regulation has indeed made a substantial contribution in many
areas of environmental policy, particularly in relation to laggards, and
will continue to do so in the future. However, it is also clear that the
low-hanging fruit has largely been picked, and that in an increasingly
complex, diverse and interdependent society, ‘‘first generation regula-
tion’’, in the form of command and control, is a blunt tool that is not
well-suited to meet many of the challenges which lie ahead.

The intention is not to rehearse the conventional arguments about the
strengths and weaknesses of command and control, but rather to examine
the next generation of regulation and regulatory tools developed to curb
the environmental excesses of business.

The crucial question is: where should one go next in terms of regula-
tory policy? The challenge is to find ways to overcome the inefficiencies
of traditional regulation, to devise better ways of encouraging innovation
and of achieving environmental protection at an acceptable economic
and social cost. This will involve the design of a ‘‘second phase’’ of regu-
lation: one that still involves government intervention, but selectively and
in combination with a range of market and non-market solutions, and of
public and private regulatory orderings.

The following sections will examine the potential of the main ‘‘second
generation’’ instruments, including self- and co-regulation, voluntarism,
informational regulation, the shift from technology to performance and
process-based standards and the role of regulatory flexibility. It will then
review recent empirical work by the author and others on the pulp and
paper industry to suggest that the model that evolved out of that research
may be a useful way of contextualizing and evaluating second-generation
instruments. The final section sketches out the value of these instruments
in light of our findings in the pulp and paper industry to arrive at some
broad conclusions about the link between environmental regulation and
innovation.

Next-generation environmental regulation and policy
options

In designing innovative regulation, it is crucial to remember that ‘‘one
size does not fit all’’. Different sized organizations experience different
challenges in complying with regulations, and very different regulatory
strategies will be needed to address them (contrast the issues in regulat-
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ing transnational corporations with those of regulating small and medium-
sized enterprises). So, too, it is necessary to design different strategies for
different industry sectors: what is appropriate for the chemical industry
may be entirely inappropriate for regulating agriculture (Gunningham
and Grabosky 1998).
It is equally important to recognize that different organizations will be

differently motivated. Enterprises will range from those that aspire to be
environmental leaders to the recalcitrant or incompetent who, in the
absence of effective regulation, will lag far behind minimum standards.
While a traditional deterrence approach may be appropriate for rational
actors, in practice there are many problems with simple deterrence
theory, not least because social actors do not necessarily behave as eco-
nomic models predict. Recent research increasingly demonstrates the im-
portance of bounded (rather than full) rationality, and the related impor-
tance of a range of non-traditional strategies including negative publicity,
informal sanctions and shame; the significance of maintaining legitimacy;
and of cooperation and trust in defining organizational behaviour.
Parker (OECD 2000a: 73) sums up these developments as follows:

‘‘The picture of the organisation as an amoral calculator moved by ap-
propriate deterrence to ‘do the right thing’ must be supplemented by the
facts that organisations can sometimes be persuaded to do the right thing,
that some influential actors within organisations will be highly motivated
to be legal or socially responsible for its own sake, that the existence of
deterrence threats will not necessarily be a feature of daily decision mak-
ing, that many organisations will behave in ways that they feel maintain
their legitimacy in the eyes of industry peers, customers or governments
irrespective of individual cost and efficiency calculations, and that even
where formal sanctions are applied, it is their informal ramifications
(shame and negative publicity) that are more effective motivators’’.
In essence, achieving efficient and effective regulation and encouraging

innovation is a far more complex activity than mainstream neo-classical
economists believe(d) it to be, requiring a much broader range of strat-
egies, tailored to a much broader range of motivations and harnessing a
much wider range of social actors. Recognizing this, many recent theo-
rists and practitioners of regulatory design have moved beyond command
and control strategies to a more holistic approach that examines the ef-
fectiveness of mixes of regulatory strategies that will utilize the complex-
ity and variety of motivations underlying compliance. Adopting such an
approach implies the need to develop a sophisticated view of the target
population of regulation, including: the characteristics of the market-
place; how individual organizations are structured and make decisions;
what incentives are likely to motivate people to comply with regulation;
and obstacles to their compliance (OECD 2000a).
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The following section identifies a number of crucial ways in which reg-
ulatory design has moved beyond the ‘‘first generation’’ of command and
control regulation, and a number of individual policy instruments.

Broadly speaking, policy instruments can be located on a continuum
from the least to the most interventionist. For example, the paradigm
case of the latter is command and control regulation in the American
mould: highly prescriptive and enforced coercively. At the other ex-
treme are instruments such as pure voluntarism, education and some
information-based approaches. In between (in escalating degrees of in-
tervention) lie mechanisms such as self-regulation and economic instru-
ments.2

Self-regulation

Self-regulation is not a precise concept, but for present purposes it may
be defined as a process whereby an organized group regulates the behav-
iour of its members (OECD 1994: 7). Most commonly it involves an
industry-level organization (as opposed to the government or individual
firms) setting rules and standards (codes of practice) relating to the con-
duct of firms in the industry.

Because standard-setting and identification of breaches are the respon-
sibility of practitioners, with detailed knowledge of the industry, this will
arguably lead to more practicable standards, more effectively policed.
There is also the potential for utilizing peer pressure and for success-
fully internalizing responsibility for compliance. Moreover, because
self-regulation contemplates ethical standards of conduct that extend be-
yond the letter of the law, it may significantly raise standards of behav-
iour and lead to a greater integration of environmental issues into the
management process. Finally, and crucially, in some circumstances and
forms, self-regulation holds out the possibility of encouraging dissemina-
tion of information about new technologies and of thereby facilitating
their more rapid introduction.

Yet in practice, self-regulation often fails to fulfil its theoretical
promise. The evidence suggests that self-regulation is rarely effective in
achieving compliance (i.e., obedience by the target population/s with
regulation/s) – at least if it is used as a ‘‘stand alone’’ strategy without
sanctions. This is because self-regulatory standards are often weak, en-
forcement is commonly (although not invariably3) ineffective, and pun-
ishment is secret and mild. Moreover, self-regulation commonly lacks
many of the virtues of typically conventional state regulation, ‘‘in terms
of visibility, credibility, accountability, compulsory application to all,
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greater likelihood of rigorous standards being developed, cost spreading,
and availability of a range of sanctions’’ (Webb and Morrison 1996).
Nevertheless, there is a growing number of increasingly sophisticated

self-regulatory schemes in the sphere of environmental protection, which
at least in some contexts and when they are underpinned by other instru-
ments (see below), may yet make an important positive contribution to
environmental protection. Best known examples include the chemical in-
dustry’s Responsible Care programme, which applies in over 40 coun-
tries, safety-regulation of nuclear power plants by the Association of Nu-
clear Power Producers (INPO) in the United States, and the Canadian
forest industry’s Sustainable Forest Management Certification System.4
However, there is very limited empirical literature on environmental

self-regulation, not least because such initiatives are relatively new and
there is a paucity of quantitative data to facilitate evaluation of their
compliance effectiveness.5 Even such studies as do exist commonly ig-
nore the potential ‘‘soft effects’’ (OECD 2000b: 3) of such initiatives. An
exception is Rees’s sophisticated analysis of Responsible Care, which
demonstrates how the chemical industry has achieved behavioural change
through two crucial internal processes. The first is its capacity to build an
industry morality: a set of industrial principles and practices that de-
fines right conduct and spells out the industry’s public commitment
to moral restraint and aspiration. The second is the extent to which it is
capable of institutionalizing responsibility through the development of
industry-wide policies and procedures to ensure a strong and effective
commitment to the values or ideals the industry claims to uphold, the
integration of accountability and transparency in corporate decision-
making and the capacity to ‘‘moralize social control’’ (Rees 1997). Both
of these characteristics are likely to nurture innovation within individual
firms.
As with other instruments, self-regulation works better in some cir-

cumstances than in others, and not all industries lend themselves to self-
regulation through industry associations. Rees uses the term ‘‘community
of shared fate’’ to refer to circumstances in which poor performance on
the part of one member reflects adversely upon, and indeed, may jeopar-
dize the interests of the entire industry (Rees 1994). These circumstances
facilitate the mobilization of peer pressure and self-regulation to ensure
that no one member ‘‘lets the side down’’.
Self-regulation is most likely to work when certain conditions are pres-

ent, such as relatively few industry players, high exit costs, a history of
cooperation, availability of expertise and resources for regulation in the
industry, mechanism for punishing non-compliant behaviour, consumer
pressure for compliance, fair dispute resolution mechanisms and the
presence of a significant degree of public participation or oversight
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(Priest 1997: 233). From the above list it will be apparent that a major
concern is to curb the incidence of free-riding, whereby rogue firms seek
to claim the public relations and other benefits of scheme membership
while avoiding the obligations it entails. Unfortunately, free-riding is
often an almost insurmountable problem, because the criteria identified
above, or any approximation to them, are only likely to be met in a small
number of circumstances.

The paucity of success stories in the empirical literature (OECD 1999)6
should make one extremely reticent about relying on unilateral pro-
grammes as a basis for providing any form of regulatory relief or other
concessions from government, notwithstanding industry suggestions that
it should do so. Indeed, the history of the Institute of Nuclear Power Op-
erators (INPO), which is arguably the most successful of such initiatives,
suggests that an underpinning of government regulation and enforcement
will almost invariably be crucial to maintain credibility and effectiveness
(Rees 1994).

Voluntary agreements

At a general level this category embraces agreements between govern-
ments and individual businesses or industry sectors, taking the form of
‘‘non-mandatory contracts between equal partners, one of which is gov-
ernment, in which incentives for action arise from mutual interests rather
than from sanctions’’ (OECD 1994: 7). However, the variety of such
agreements makes precise classification difficult (OECD 1999). The most
common categories are (a) public voluntary agreements such as ‘‘chal-
lenge’’ programmes and (b) negotiated voluntary agreements between
governments and industry. There is very little evidence to suggest the
former has a positive impact on innovation and for present purposes we
focus on the latter (OECD 1999: 132).

Negotiated agreements involve specific commitments to environmental
protection elaborated through bargaining between industry and a public
authority. In Europe they are usually entered into by an industry associ-
ation and government against a backdrop of threatened legislation: the
tacit bargain being that if the industry will commit to reach given envi-
ronmental outcomes through its own initiatives, government will hold off
on legislation it would otherwise contemplate enacting to address the
problem. The vast majority of these agreements have been reached at a
collective level and are not binding on individual corporations, with po-
tential sanctions also being confined to the collective level. They are
quite distinct from the sorts of legally binding agreements made between
individual enterprises and a government agency in the United States
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of America, whereby the government offers regulatory flexibility in
exchange for ‘‘beyond compliance’’ environmental performance, and
whereby the individual enterprise would risk individual liability or evic-
tion from the agreement for breach.7
From a public policy perspective, the attractions of negotiated agree-

ments include the promised capacity to achieve better environmental
outcomes at less cost to both government (which may avoid or reduce
the costs of standard development and monitoring) and business (which
can flexibly use its expertise to develop its own solutions to environmen-
tal problems). It is assumed that business will have knowledge far supe-
rior to government as to how to achieve any given outcome at the least
cost (including through innovation) and that it should be facilitated to
do so. However, the crucial question is whether industry will be moti-
vated to do so under a voluntary agreement, or whether better outcomes
could be achieved with very much the same flexibility via other means
such as the imposition of performance standards or economic instru-
ments.
Unfortunately, the empirical literature on negotiated agreements is

very limited. Many existing agreements lack clear targets, and have inad-
equate reporting requirements and deadlines, making evaluation of their
success extremely difficult. Indeed, one of the few things upon which al-
most all analysts of voluntary agreements seem to agree is that far too
little attention has so far been given to evaluating either their economic
or environmental benefits (Beardsley 1996; Davies and Mazurek 1996;
Harrison 2001; NRC 1997). However, preliminary assessments of the
value of the early voluntary agreements are not encouraging (Harrison
2001). One general survey of voluntary agreements has also concluded
that many of the first generation of negotiated agreements have not been
markedly successful. Even the claim that negotiated agreements tend to
reduce administrative burden is not confirmed by existing empirical evi-
dence or analysis (OECD 1999: 131).
There may be a variety of reasons for the very modest success of many

of the first generation of voluntary agreements, including: the central role
of industry in the target-setting process, the scope for free-riding, the un-
certainty over regulatory threats, non-enforceable commitments, poor
monitoring and lack of transparency (OECD 1999). In turn, the manifest
deficiencies in the design of first-generation instruments suggest a num-
ber of lessons about how to design such agreements better in the future.
For example, the OECD has identified a number of ‘‘success’’ criteria
that if followed may achieve more positive results (Covery and Leveque
2001; OECD 1999).
A number of particular issues emerge from the various empirical
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studies and analyses conducted to date.8 First, voluntary agreements are
often best used when an environmental problem is in its early stages and
it is premature to regulate it directly. For example, it has been pointed
out that agreements have been preferred over regulation in waste man-
agement because of the technological uncertainty that prevailed, and be-
cause public authorities needed close industry cooperation in order to
define realistic objectives and to encourage innovation (OECD 1999). In
the case of agreements on climate change, a main reason for their use lies
in their greater acceptance by industries compared with environmental
taxes. Governments use them as a lesser evil in terms of the distortion
of competition in a context where no uniform means for the reduction
of greenhouse gases have yet been defined on the international level
(Borkey and Leveque 1998). As the OECD (1999: 134) has pointed out,
‘‘In this regard voluntary approaches can be regarded as a policy instru-
ment with a transitional function, i.e., to work until time is ripe for other
regulations to come into force. They are particularly suitable for this role,
since they are likely to generate soft effects and learning, and hence can
help improve the future design of more traditional instruments’’.

Second, as has been argued elsewhere (Gunningham and Grabosky
1998), the weaknesses of voluntarism can often be compensated, and its
strengths enhanced by combining it with most, but not all, forms of
command and control regulation. To do so may improve both the flexibil-
ity and cost effectiveness of overall environmental policy and achieve
substantial savings in administrative costs. For example, voluntary pro-
grammes can be used to complement conventional regulation by encour-
aging the use of environmental management systems (EMS) or other
management tools that facilitate meeting legal standards and achieving
better environmental performance. Conversely, regulations set the boun-
daries and the parameters for the flexibility provided through voluntary
measures (OECD 1999).

Such an underpinning of government regulation may be particularly
important in curbing free-riding. Indeed, it is often highly desirable
that such agreements should be combined with other policy instruments.
Sometimes this will include direct regulation, sometimes the threat of
regulation – which will be triggered automatically if certain voluntary tar-
gets are not met and sometimes by combining voluntary agreements with
economic instruments.9

Third, voluntary agreements do seem to generate major positive ‘‘soft
effects’’ such as collective learning, generation and diffusion of informa-
tion, learning by doing and demonstration effects, increased stakeholder
participation and consensus building (OECD 1999: 131). Since many vol-
untary agreements aim at increasing environmental awareness of the in-
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dustry rather than short-term environmental impacts, these effects should
not be lightly dismissed and can be anticipated to have considerable im-
plications for innovation.
Finally, the evaluation of negotiated agreements requires a dynamic

analysis: the second generation of such agreements are somewhat differ-
ent from the first, and considerably more likely to provide public interest
benefits. Targets now tend to be set by government rather than by indus-
try; government negotiators are much more sensitive to the risks of set-
ting targets that merely reflect improvements that would happen anyway;
and there is a movement toward linking negotiated agreements with other
policy instruments – such as taxes – or to complement rather than replace
existing regulations. Greater efforts are also being made in terms of
transparency and third-party input. Whether these developments will
justify the faith of advocates of the voluntary approach, and whether the
additional transaction costs of building in essential checks and balances
will render such instruments too costly, remains to be seen.

Economic instruments

In the 1980s, the OECD recognized the potential application of economic
instruments, and began to give the concept wider circulation amongst
policymakers. This, combined with the increasing awareness of the limits
of traditional regulatory enforcement, has led to the growing acceptance
and use of economic instruments in western industrial states (Eckersley
1995; Rehbinder 1993). The value of such instruments in the environ-
mental context has been comprehensively examined in a number of
OECD publications. For this reason, they will not be further explored
here.

Informational regulation and civic environmentalism

An increasingly important alternative or supplement to conventional reg-
ulation is what is becoming known as ‘‘informational regulation’’ (Sabel,
Fung and Karkkainen 2000). As the OECD (1994: 8) puts it: ‘‘People and
businesses often care deeply about contributing responsibly to the public
good (businesses also care about ‘reputation’), and governments can use
information, communication, encouragement, peer pressure, and educa-
tion strategies to convince the public of the need for change. In contrast
to command and control, informational regulation involves the state en-
couraging (as in corporate environmental reporting) or requiring (as with
community right to know) information about environmental impacts
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but without directly requiring a change in those practices. Rather, this
approach relies upon economic markets and public opinion as the mech-
anisms to bring about improved performance.

Informational regulation is targeted almost exclusively at large enter-
prises, and in particular at public companies (which are vulnerable to
share price and investor perceptions) and those who are reputation sensi-
tive, because is it essentially these types of enterprise which are most
capable of being rewarded or punished by consumers, investors, com-
munities, financial institutions and insurers on the basis of their environ-
mental performance. The overall strategy is to empower these groups to
use their community and/or market power in the environmental interest
by providing them with a sufficient quality and quantity of information as
to enable them to evaluate an enterprise’s environmental performance.
Such a strategy becomes even more effective as companies recognize the
importance of protecting their ‘‘social license’’ and the need to improve
their environmental performance in order to do so. There have been a
number of experiments with the use of informational regulation that
have demonstrated its potency even in circumstances where conventional
regulation is weak.

Informational regulation is growing rapidly, partly because of the suc-
cess of some of the early initiatives, partly because it offers a cost effec-
tive and less interventionist alternative to command and control in a
period of contracting regulatory resources, partly because of its capacity
to empower communities and NGOs, and partly because changes in tech-
nology make the use of such strategies increasingly viable and cost-
effective.

Probably the most successful and best known form of information reg-
ulation is the use of community right to know (CRTK) and pollution in-
ventories. The basis of these policy instruments is to require individual
companies to estimate their emissions of specified hazardous substances.
This information is then used to compile a publicly available inventory,
which can then be interrogated by communities, the media, individuals
and environmental groups and other NGOs who can ascertain, for exam-
ple, the total emission load in a particular geographical area, or the total
emissions of particular companies. The latter information in particular
enables comparison of different enterprises’ emissions and can be used
to compile a ‘‘league table’’ which identifies both leaders and laggards in
terms of toxic emissions. Such benchmarking exercises, facilitated by easy
access to the relevant information, enable the shaming of the worst
and rewarding of the best companies. The evidence suggests that well-
informed communities use this information both to ensure tight enforce-
ment of regulations and to pressure enterprises to improve their perfor-
mance even in the absence of regulations, thereby providing considerable
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incentives for innovation. The foremost example of this approach is the
United States Toxic Release Inventory (TRI).
Recognizing the potential value of this approach, a number of coun-

tries have followed the United States example and have introduced laws
compelling disclosure of pollution and chemical hazard information.
However, not all such inventories and similar instruments will be equally
effective and much will depend upon their particular design features.
While the large majority of assessments of the United States TRIs are
strongly positive, the more recent Canadian scheme has yet to prove its
worth, and there is only weak evidence that the latter has been effective
in promoting voluntary emissions reductions. In Australia, the National
Pollutant Inventory (NPI) was so severely weakened by industry-
proposed amendments that environmental groups withdrew from the
consultation process and the quality of available information under it re-
mains extremely problematic.
Another example of informational regulation is provided by the

PROPER PROKASIH in Indonesia. Under this programme, priority
polluters are required to negotiate (legally unenforceable) pollution con-
trol agreements with teams comprising public agencies, environment
groups and regional development groups. Regulators rank the perfor-
mance of individual facilities using surveys, a pollution database of team
reports and independent audits. An enterprise’s pollution ranking is
readily understood by the public, being based on a colour coding (gold
and green for the best performers, black, blue, and red for those not in
compliance). The programme has been very successful in improving the
environmental performance of participating enterprises. A recent study
that examines the programme over time suggests that community pres-
sure and negative media attention, and increased likelihood of obtaining
ISO 14001 certification, are the major stimuli for improved environmen-
tal performance (Afsah and Vincent 1997).
Space precludes a discussion of other forms of informational regulation

such as the use of corporate reporting on environmental (and on ethical
and social) performance, and product labeling and certification. Suffice it
to say that informational regulation strategies work better in some cir-
cumstances than others. The evidence suggests that they work best with
respect to large companies and environmentally aware communities.
Community right to know, for example, relies heavily on the energies of
local communities in using the information and pressuring enterprises to
improve their environmental performance. Where an environmental haz-
ard involves no immediate threat to human health, or where there is no
identifiable local community or where we are dealing with non-point
source pollution not readily measured and traced back to its origins, then
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this instrument has far less to offer. Similarly, corporate environmental
reporting is dependent upon the willingness of public interest groups to
follow through on its results and to shame both bad performers and
praise good ones. Finally, eco-labelling relies upon the willingness of con-
sumers to buy ‘‘green’’ products and upon their capacity to distinguish
between these and other classes of product (especially in an area where
there are many other labels to decode).

A related development is the growth of ‘‘civic regulation’’, whereby
various manifestations of civil society act in a variety of ways to influence
corporations, consumers and markets, often by-passing the state and re-
jecting political lobbying in favour of what they believe to be far more ef-
fective strategies.10 Sometimes NGOs take direct action, usually targeted
at large reputation-sensitive companies. Greenpeace’s campaign against
Shell’s attempted deep-sea disposal of the Brent Spar oil rig is one exam-
ple. Sometimes they boycott products or producers deemed to be envi-
ronmentally harmful, as with the effective boycott of Norwegian fish
products organized by Greenpeace in protest against that nation’s re-
sumption of whaling. Market campaigning focusing on highly visible
branded retailers is a particularly favoured strategy.11 Less so are cam-
paigns that seek to provide a market premium for ‘‘environmentally pre-
ferred’’ produce, due largely to the unwillingness of consumers to sup-
port such a strategy. More recently, certification programmes such as the
Forest Stewardship Council are ‘‘transforming traditional power relation-
ships in the global arena. Linking together diverse and often antagonistic
actors from the local, national and international levels . . . to govern firm
behaviour in a global space that has eluded the control of states and in-
ternational organizations’’ (Gereffi et al. 2001).

However, the evolving role of civic regulation has not taken place en-
tirely divorced from state intervention. On the contrary, either in re-
sponse to pressure from the institutions of civil society or in recognition
of the limits of state regulation, governments are gradually providing
greater roles for communities, environmental NGOs and the public more
generally. Thus a number of second-generation policy instruments are
geared to empower various institutions of civil society to play a more ef-
fective role in shaping business behaviour, thus facilitating civic regula-
tion. These include not only the sort of CRTK legislation described
above, but also a variety of other mechanisms that seek to empower third
parties, for example, by giving environmental NGOs or communities a
‘‘seat at the table’’ (and enabling them to influence directly planning or
licensing conditions), by providing them with the standing to bring a legal
action, or the information with which to threaten the reputation capital of
large corporations.
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Maximizing innovation: Specification, performance or
process standards?

Performance standards instead of specification and technology
rules

In designing environmental standards and securing compliance on the
part of target groups, it is vitally important to determine what types of
standards to adopt (Gunningham and Johnstone 1999). For example,
what kinds of measures are most likely to achieve best policy outcomes?
What techniques are most likely to influence organizational behaviour, to
be flexible, encourage innovation, produce environmental benefits at an
acceptable cost, provide practical guidance to employers and be easy to
enforce? It has been pointed out that ‘‘in many circumstances the real
problem facing policymakers is not to select the best strategy for achiev-
ing compliance but to decide what it is the regulated are to be asked to
comply with’’ (Hopkins 1994). In this context, traditionally, two main
types of standard were thought to be available: specification and perfor-
mance standards.
A specification or technology standard is a standard that tells the firm

precisely what measures to take and requires little interpretation on the
firm’s part. Such a standard is defined in terms of the specific types of
methods that must be used in a specific situation and in terms of its em-
phasis on the design and construction of these safeguards. Because of
definitional precision, specification/technology standards have the virtue
of enabling employees and inspectors to ascertain readily whether the
employer meets or breaches those standards. These standards thus offer
administrative simplicity and ease of enforcement. Empirical evidence
confirms the reluctance of inspectors to relinquish the detail of specifica-
tion standards in favour of broader-based (and perhaps more ambiguous)
performance standards (Carson et al. 1989).
There are, however, serious disadvantages in the use of specification

standards across the board. Specification standards, to be effective, must
usually be extremely detailed to cover all kinds of machines and plant
layouts; a near impossible task. Such an approach tends to result in a
mass of detailed legislation, difficult to comprehend or keep up to date.
Moreover, because such standards are prescriptive they do not allow
duty holders to seek least-cost solutions and accordingly are unlikely to
be cost-effective in the majority of circumstances. Similarly, they inhibit
innovation and do not encourage best practice (box 8.1).
In contrast, a performance standard is one that specifies the outcome

of the environmental improvement but that leaves the concrete mea-
sures to achieve this end open for the employer to adapt to varying local
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circumstances. That is, rather than specifying exactly how to achieve
compliance, a performance standard sets a general goal and lets each em-
ployer decide how to meet it. A considerable attraction of performance
standards is that because they focus on the outcomes to be achieved
rather than on the precise hazards to be controlled or the means of con-
trolling them, they can adapt to changes in technology and the creation of
new hazards (unlike specification standards which commonly fail to keep
pace with technological change). Performance standards also allow firms
flexibility to select the least costly or least burdensome means of achiev-
ing compliance and encouraging innovation. On the other hand, because
they are sometimes imprecise, performance standards are to that extent
more difficult to enforce than specification standards, and inspectorates
have commonly experienced considerable difficulties of adjustment.

Over the last few years most policy makers and commentators have
swung heavily in favour of the use of performance rather than specifica-

Box 8.1: The Yorktown Experiment

Recognizing the substantial limitations of command and control regu-
lation in its traditional forms, a number of innovative approaches have
been developed in recent years. A milestone in this respect was a joint
enterprise in the United States between Amoco Corporation and the
EPA, known as the Yorktown Project. This project began by docu-
menting the numerous ways in which the conventional system of reg-
ulation curtails innovation. It went on to show that site-specific flexi-
bility to achieve environmental objectives fosters innovation and
leads to more cost-effective solutions in a manner which far surpasses
the ‘‘one-size-fits-all’’ approach. A key conclusion of the project was
that the objectives of environmental regulations can be achieved
more cost-effectively if the regulated community is allowed to devise
individualized plant-specific compliance plans. For example, the par-
ticipants in the project unanimously selected the most effective pollu-
tion prevention options for a particular facility, that solution often
being far removed from what the existing regulations prescribed. The
United States EPA found that, for example, by applying outcome
standards for benzene emissions to the whole of Amoco’s Yorktown
plant, rather than specific rules mandating certain technology in the
smokestacks, Amoco would have been able to achieve greater emis-
sions reductions at much lower cost. The project team concluded that
by prioritizing projects in this manner, equivalent release reductions
could have been achieved at 25% of the cost.
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tion standards. Of particular influence has been Michael Porter and Claus
van der Linde’s argument that a well-designed regulatory system can
foster innovation by concentrating on outcomes (i.e., performance stan-
dards) rather than on techniques (i.e., specification- or technology-based
standards). This is because performance standards free up an enterprise
to respond to a regulator’s requirement in the way that it best thinks fit.
In evidence, they cite the relative success of the Scandinavian and United
States governments in achieving emissions reductions in the pulp and
paper industry. The Scandinavian companies ‘‘developed innovative
pulping and bleaching technologies that not only met emission require-
ments but also lowered operating costs’’ (Porter and van der Linde 1995:
129). American companies, in contrast, did not respond to regulation by
innovating because United States specification- or technology-based reg-
ulations did not permit companies to ‘‘discover how to solve their own
problems’’.12
However, as indicated above, performance standards offer less guid-

ance to employers as to what is required of them and this presents partic-
ular problems for small and medium-sized enterprises. For these compa-
nies, effective compliance will be facilitated by the provision of more
precise guidance as to how to identify and resolve problems. This could
be provided through technical data sheets and other advisory material
that could be issued not only by regulatory agencies but also by indepen-
dent standard-setting bodies or even by industry itself. However, it may
also be desirable, as under comparable occupational health and safety
legislation, to insert a statutory provision making clear that compliance
with the advisory material/code of practice will be deemed to be compli-
ance with the performance standard (Gunningham and Johnstone 1999).

Process standards

Notwithstanding the considerable contribution that both specification
and performance standards have made toward improving environmental
compliance and performance, both approaches have a substantial limita-
tion: namely they only require enterprises to achieve minimum standards
and provide no incentives or encouragement to go beyond those minima.
They do not encourage continuous improvement or industry best prac-
tice. Nor do they directly encourage enterprises to develop an environ-
mental culture or to ‘‘build in’’ environmental considerations at every
stage of the production process.
Certainly, for some enterprises, particularly those with little expertise,

sophistication, or commitment to the environment (e.g., many small firms,
those with high labour mobility), it may not be realistic, at least in the
short term, to expect compliance with anything more than the legal min-
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ima, and even bringing them up to this standard may be a considerable
achievement. Both performance and specification standards continue to
make a substantial contribution in this regard.

However, there are many other enterprises that, potentially at least,
could achieve far more than those minima. An important role of law is
to encourage them to do so. For some enterprises, at least, the law could
do far more by developing a different approach. For these enterprises,
there is considerable potential in developing a new phase of standard de-
sign – process and management system standards that provide not only
considerable flexibility and enable enterprises to devise their own least-
cost solutions, but that give them direct incentives to go ‘‘beyond compli-
ance’’ with minimum legal standards.

Process standards address procedures for achieving a desired result.
These standards specify the processes to be followed in managing nomi-
nated hazards and have been most used in respect of hazards that do not
lend themselves to measurement, or to address risk assessment more
generally. They are based on a systematic approach to controlling and
minimizing risks and, as we will see, are a precursor to EMS-based ap-
proaches. One example of this approach is the European Union’s Con-
trol of Major Accident Hazards (COMAH) Directive (Seveso II), which
requires the provision by the facility (and assessment by the government
regulator) of comprehensive installation safety reports. Other examples
include the safety case regime adopted by various nations for offshore
oil platforms, and the requirements for suppliers of hazardous substances
to provide Material Safety Data Sheets to users, for health monitoring
in relation to highly hazardous substances, and for the management of
major hazardous facilities.

Within the United States one of the most developed examples of this
approach is Rule 112(r) of the 1990 Clean Air Act amendments, which
requires regulated facilities to prepare and execute a risk management
programme that contains the following elements: a hazard assessment to
determine the consequences of a specified worst case scenario and other
accidental release scenarios on public and environmental receptors and
provide a summary of the facility’s five-year history of accidental re-
leases; an accidental release prevention programme designed to detect,
prevent and minimize accidental releases; and an emergency response
programme designed to deal with any accidental release in order to pro-
tect both human health and the environment.

Process-based approaches, however, represent only one aspect of a
full-blown organizational and systems-based approach because they are
largely confined to specific hazards or processes, and/or to the process of
risk assessment and control. Even when these requirements are incorpo-
rated generally, they still concern only one aspect of a fully developed
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and comprehensive systems-based approach. As we will see, although
process-based standards have something in common with a broader
EMS-based approach, and can be integrated within it, it is only the latter
that provides a coherent strategy for addressing the environment in an
entire enterprise, or across an entire facility.

Environmental management systems and regulatory
flexibility

An EMS is a management tool intended to assist an organization to
achieve environmental and economic goals by focusing on systemic prob-
lems rather than individual deficiencies. That is, it involves the assess-
ment and control of risks and the creation of an in-built system of
maintenance and review. Its focus is on the organizational structure, re-
sponsibilities, practices, procedures and resources for implementing and
maintaining environmental management. The basic elements of such a
system include the creation of an environmental policy, setting objectives
and targets, implementing a programme to achieve these objectives,
monitoring and measuring its effectiveness, correcting problems and re-
viewing the system to improve overall environmental performance.
In principle, an EMS has the potential to deliver continuous improve-

ment and embed cultural change on environmental issues within the or-
ganization. A particular attraction of an EMS is its capacity to move
corporate thinking on environmental performance from the sort of com-
partmentalization that characterized the earlier generation of pollution
control instruments (vertical standards addressing discrete areas of activ-
ity) to a horizontal standard that cuts across the functions of the organi-
zation, and integrates environmental considerations with other corporate
functions and imperatives. An EMS can make costs, efficiency, productiv-
ity and environmental performance all part of the same decision-making
process (Knight 1994).
The potential for an EMS to bring some enterprises beyond compli-

ance and to encourage and reward innovation and continuous improve-
ment was soon recognized by regulators.13 But how could regulation be
redesigned for this purpose? For some regulators, particularly in the
United States of America, the answer lies in a two-track system of regu-
lation whereby leading enterprises are offered regulatory flexibility in re-
turn for improved environmental performance. The incentives or rewards
offered for participating in these initiatives include fast-tracking of li-
censes or permits, reduced fees, technical assistance, public recognition,
penalty discounts under certain conditions, reduced burdens from routine
inspections and greater flexibility in means permitted to achieve compli-
ance. In return for the various incentives offered, industry is expected to
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go beyond compliance though an EMS-based approach to environmental
protection (and in some instances to engage in stakeholder dialogue, to
be more transparent and to take greater responsibility for the environ-
mental behaviour of others in the supply chain).

However, there is a danger in this approach. An environmental man-
agement system should be used to complement rather than to replace
other regulatory tools. While it is possible to envisage a scaled-back role
for command and control regulation, particularly in relation to environ-
mental leaders, it will still be necessary (at least in the short term) to
maintain a variety of oversight and regulatory fall-back mechanisms (in
particular, performance measures) to ensure that the system actually de-
livers the benefits of which it is capable in principle. For these reasons,
many policy analysts argue that the new regulatory flexibility initiatives
must be based on ‘‘ISO Plus’’ rather than merely on conformity with ISO
14001 itself. Unfortunately, this has not necessarily been the case in prac-
tice (Gunningham and Grabosky 1998).

Nevertheless, regulators are increasingly enthusiastic about a two-
track approach incorporating regulatory flexibility. In the United States,
state and federal regulators are now moving toward a more systematic
approach, designed to provide rewards and incentives for improved com-
pliance and high environmental performance. Under this approach, en-
terprises (or at least enterprises with certain environmental credentials)
are offered a choice between a continuation of traditional forms of regu-
lation on the one hand, and a more flexible approach (the central pillars
of which are usually the adoption of an EMS, periodic internal environ-
mental audits and community participation) on the other.

The ultimate test of the success or otherwise of regulatory flexibility in-
itiatives such as the above is an empirical one. Despite their very consid-
erable potential, the jury is still out on the strengths, weaknesses and ul-
timately the success of EMS-based regulatory flexibility initiatives more
generally. It will be some time before we know whether and, if so, to
what extent the benefits of the various initiatives outweigh the costs and
whether they will indeed overcome many of the problems of traditional
forms of regulation. Or whether the skeptics are correct in questioning
why so many resources are being devoted to making the top 20% (or per-
haps only the top 5%) even better, rather than concentrating on the most
serious problems or on under-performers.

Motivating management to innovate

Governments have developed a variety of policy instruments intended to
improve corporate environmental behaviour, and sometimes, but far from
invariably, to encourage innovation. These range from traditional com-
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mand and control approaches, through informational regulation (exem-
plified by the TRI) and market mechanisms, to regulatory flexibility ini-
tiatives intended to encourage, facilitate and reward environmental best
practice. Increasingly too, voluntary initiatives complement direct gov-
ernment intervention.
The effectiveness or otherwise of such policy interventions depends

crucially on what motivates corporations to improve their environmental
performance. In seeking to understand environmental motivation, the
economic, socio-legal and policy literature on regulatory administration
has tacitly assumed that legal compliance with existing regulation by tar-
geted groups is the key to meeting environmental objectives. And under-
lying that assumption is another: that regulated business corporations
take costly measures to improve their performance only when they be-
lieve that legal non-compliance is likely to be detected and harshly penal-
ized (OECD 2000a). From the viewpoint of traditional models of corpo-
rations as ‘‘amoral calculators’’ (Kagan and Sholz 1984), why would a
profit-maximizing company want to comply if non-compliance was un-
likely to be detected or punished? And furthermore, why would a com-
pany do more than the law requires since compliance is itself often ex-
pensive and over-compliance even more so?
Yet it is becoming apparent that there is considerable variation in how

firms respond to regulatory pressures and, in at least some industries,
considerable evidence of ‘‘beyond compliance’’ behaviour, much of it in-
novative in nature (Hoffman 1997; Prakash 2000; Smart 1992). Indeed,
over the last decade a new body of literature has evolved on the ‘‘green-
ing of industry’’. At its heart lies the unresolved question, ‘‘What are the
determinants of greening?’’ Notwithstanding some valuable case studies
(confined to environmental leaders) and some less-illuminating survey
evidence, adequate empirical answers have not been forthcoming (Fuchs
and Mazmanian 1998). We still know little about what motivates indi-
vidual corporations (and indeed different facilities within the same corpo-
ration) to behave the way they do in the environmental context, or why
some companies or facilities but not others choose to move beyond com-
pliance or what social policy tools are likely to prove most effective in
facilitating innovation and in achieving improved corporate environmen-
tal performance.
For example, although it is widely assumed that variations in regula-

tion and regulatory enforcement account for differences in environmental
performance by regulated businesses, it is far from clear that this is in-
deed the case. It is equally plausible (at least in economically advanced
democracies) that differences among regulatory regimes have narrowed
sharply, and that local social pressures, market incentives and corporate
environmental management are now the chief determinants of variations
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in firm-level environmental performance, and of beyond-compliance be-
haviour in particular.

In summary, the degree of variation in, and the motivations for, cor-
porate behaviour may be much broader than many researchers have
imagined. This is of considerable practical importance: some existing reg-
ulatory strategies, in focusing on compliance, have failed to facilitate, re-
ward or encourage beyond-compliance behaviour, or even inadvertently
discouraged it. Others, such as the National Environmental Performance
Track, are specifically designed to provide greater flexibility in regulatory
response, and to reward beyond-compliance behaviour, but would bene-
fit from a better understanding of what motivates such behaviour. Still
others have argued that government-mandated self-regulation, or various
forms of voluntarism are the key to progress, but again without a full un-
derstanding of how, to what extent, under what circumstances and why
various corporations might be inclined to participate in such initiatives.
In each case, corporate motivations are likely to have implications for
their willingness or otherwise to seek out and implement innovative solu-
tions, whether by technology or through incremental change. There is
therefore a compelling case for studying ‘‘over-compliance’’ as well as
compliance, and for developing a better understanding of the reasons for
the variability in corporate motivation and environmental performance.

A recent study by Gunningham, Kagan and Thornton (2003)14 of 14
pulp and paper manufacturing mills in Australia, New Zealand, British
Columbia (Canada) and the states of Washington and Georgia in the
United States demonstrates that regulation has been directly responsible
for the large reductions in pulp mill pollution that stem from capital in-
vestments in very costly pollution control technologies. For example, the
largest reductions in pulp mill discharge to water of harmful pollutants
have stemmed from investments in expensive control technologies, par-
ticularly secondary wastewater treatment facilities and the substitution of
chlorine dioxide for elemental chlorine as a bleaching agent (which often
required construction of a chlorine dioxide plant).

Economic license constraints often affected the timing of those installa-
tions, as firms often successfully argued that they should coincide with
periodic rebuilding or updating of primary production equipment. But
sooner or later the regulatory license has trumped economic demands,
partially through the implicit promise that all competitors would be ob-
liged to make the same investment. And indeed, one of the most striking
findings in our research has been the extent to which major invest-
ments in control technology have been made in response to pending
or anticipated regulatory rules.15 That is, the big jumps in wastewater en-
vironmental performance in pulp manufacturing were the products of
‘‘regulation-driven technological change’’: technology changes occurred
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in order to meet more stringent performance standards.16 Less directly,
regulatory rules (and corporate compliance or non-compliance with them)
serve as a benchmark for groups other than regulatory officials who eval-
uate and influence corporate behaviour – financial analysts, environmen-
tal advocacy groups, politicians and corporate environmental managers.
Yet governmental regulation, as conventionally viewed, does not fully

explain two clear and important findings. First, the pulp mills we studied
did not merely comply with regulation but operated ‘‘beyond compli-
ance’’ in significant ways, for example by reducing water pollution to
levels well below the limits required by the companies’ regulatory per-
mits. Second, notwithstanding substantial convergence over time, the
pulp mills differed significantly in the extent to which they had gone be-
yond legal compliance. That variation did not correlate closely with the
demands of the firms’ regulatory licenses. Nor did the purported greater
prescriptiveness and deterrence threat of United States environmental
regulation make pulp mills in the US better environmental performers
on average than those in Canada, Australia or New Zealand. More
broadly, there was more variation within than across regulatory jurisdic-
tions.
Rather than regulation, social license pressures and the character of

corporate environmental management appear to be the most powerful
factors that prod some firms further beyond compliance than others.
Conversely, in a highly competitive commodity market such as pulp man-
ufacturing, economic pressures limit how far even the most environmen-
tally committed firm can leap ahead of its competitors, at least in making
non-incremental environmental gains through costly new technologies
that are not clearly likely to pay for themselves in financial terms. Al-
though the ‘‘environmental strategists’’ and ‘‘true believers’’ in our sam-
ple were able to make steady incremental progress through ‘‘win-win’’
measures such as better employee training and dedicated maintenance
regimes, we found little evidence of a rich supply of major ‘‘win-win’’ in-
vestments that environmentally committed corporate managers could
make, and hence little evidence that simply exhorting managers toward
environmental excellence could substitute for regulation in overcoming
tough economic constraints. Management does matter, but, to paraphrase
Marx, while companies make their own history, they do so in circum-
stances not of their own choosing.
If the pulp industry is any guide, governments pay attention to eco-

nomic constraints facing the industry as well. They rarely mandate the
use of such costly new environmental technologies in the absence of the
demonstrated economic viability of the technology or major public pres-
sure, as in the case of the dramatic reaction to the discovery of dioxins in
pulp mill effluent. Far from inflicting a technology-forcing, one-size-fits-
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all set of regulatory requirements on all regulated firms, as critics of reg-
ulation often suggest, a close examination of the permits of pulp mills
reflects a governmental propensity, in all the jurisdictions we studied, to
tailor requirements to the technological and economic constraints of par-
ticular regulated entities.

One lesson of this study, therefore, is that government regulation might
be viewed less as a system of hierarchically-imposed, uniformly-enforced
rules than as a coordinative mechanism, routinely interacting with other
sources of pressure for socially responsible corporate behaviour such as
markets, local and national environmental activists and the culture of
corporate management. If regulation is less important than environmen-
tal management and social pressures in inspiring beyond-compliance
corporate activity, a competent regulatory system spurs progress by reas-
suring corporate environmental leaders that their less-committed com-
petitors also will be compelled to spend the money to achieve environ-
mental outcomes that the leaders have demonstrated are technologically
and economically feasible. Moreover, in the programmes we studied reg-
ulators issued permits that required firms to file their own plans for ana-
lysing and reducing designated emissions or environmental hazards; after
review and perhaps renegotiation by regulators, the company plan be-
came a binding regulatory obligation. By ‘‘delegating the details’’, regu-
lated entities were prodded to undertake periodic, if not continuous ef-
forts to keep up with or advance the state of the art in environmental
protection.

Another central finding of our study was that social pressures (what we
term the business firms’ ‘‘social licenses’’) provide a particularly powerful
point of leverage. Community and environmental advocacy groups in
particular tend to act as effective watchdogs and de facto regulators,
shaming and otherwise pressuring companies into beyond-compliance
environmental performance. While they can sometimes play this role in
the absence of any form of state intervention, their effectiveness, we
have observed, is enhanced by various forms of facilitative government
regulation. For example, information and monitoring requirements can
empower social actors if environmental information about facilities is
easily accessible and sufficient to allow for meaningful interpretation of
the data. Rules that require facilities to inform the public of environmen-
tally significant actions and monitoring redress some of the inherent in-
formation assymetries that occur between regulators, regulatees and the
public, and allow social actors to most appropriately target their actions.17

Moreover, our research indicates that government actions that proce-
durally empower local communities can have significant effects. In New
Zealand, mills reported having become much more responsive to com-
munity environmental concerns after communities were given the legal

NEXT-GENERATION POLICY INSTRUMENTS 221



right to challenge the terms of each facility’s ‘‘consent’’ (permit), and
thereby gained the power to delay the introduction of new processes or
technology. In an Australian jurisdiction, similar effects flowed from a
new law that obligated firms to prepare and comply with an environmen-
tal improvement plan, including a commitment to consultation with local
communities. In Canada and the United States, the permitting process
has long been open to the public and allowed for public comment on per-
mitting decisions. Such public access has been extended in the United
States through programmes such as Project XL and the Environmental
Leadership Programme, which make it a condition for providing greater
regulatory flexibility, that participating companies provide information
to, and consult with, local communities.18
From our research, we developed a broader model that we believe has

considerable resonance for addressing a range of questions concerned
specifically with what motivates innovation – whether in terms of the de-
velopment of new technology or incremental improvement in production
processes.

The license model

The ‘‘license model’’ views business enterprises as simultaneously moti-
vated and constrained by a multi-faceted ‘‘license to operate’’, which in-
cludes not only the terms of their regulatory permits and legal obliga-
tions, but also an often-demanding ‘‘social license’’ and a constraining
‘‘economic license’’, which represent the demands of social and economic
actors respectively. For example, local fishermen might want to ensure
that they can catch bass in local rivers, national environmental groups
might want to ensure the protection of an endangered species and institu-
tional lenders might want a reasonable rate of return on their invest-
ments. These demands translate into specific requirements for the busi-
ness enterprise: to ensure that the quality of their discharge does not
threaten the bass population, to ensure that their facility’s operation
does not threaten an endangered species, and to meet market rates of
return.
These regulatory, economic and social license requirements are moni-

tored and enforced by the stakeholders who generate them, and who
commonly seek leverage by exploiting a variety of license terms.19 For
example, environmental groups not only enforce the terms of the social
license directly (e.g., through shaming and adverse publicity) but also
seek to influence the terms of the economic license (e.g., generating con-
sumer boycotts of environmentally damaging products) and of the regu-
latory license (e.g., through citizen suits or political pressure for regula-
tory initiatives). Thus the interaction between the different types of
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licenses often exceeds the effect of each one acting alone. The terms of
some legal license provisions extend the reach and impact of the social
license by directly empowering social activists or by giving them access
to information or a role in the permit-granting process, which they can
use to pressure target enterprises. Conversely, a company that fails to
respond appropriately to social license obligations risks a tightening of
its regulatory license, as frustrated community activists turn for help to
politicians and regulators. However, the terms of each strand of the ‘‘li-
cense to operate’’ often are far from certain or immutable, and are there-
fore subject to interpretation. What might be considered a ‘‘reasonable’’
rate of return depends in part upon general market conditions and the
particular investor. Different community groups can make conflicting de-
mands. And different regulators can have different interpretations of the
same set of environmental rules. Moreover, proactive corporate officials
sometimes can reshape some license terms – by providing information to
and negotiating with regulators or environmental activists, by engaging in
community outreach and education and scanning for technologies and
procedures that simultaneously cut costs and improve the firm’s environ-
mental performance. In effect, the influence of the regulatory, economic
and social licenses on environmental performance depends on an ‘‘inter-
vening variable’’ – managerial attitudes, or the combination of attitudes
and executive action called ‘‘environmental management style’’. Manage-
ment style is the perceptual filter through which management interprets
its license to operate.

Management style not only filters management’s perception of stake-
holder demands, it is also, in turn, influenced by those demands, although
not wholly determined by them. Corporate culture, history, network rela-
tionships and individual membership also play key roles in determining
how a business enterprise interprets its environment in general, and envi-
ronmental license requirements in particular. Figure 8.1 shows the license
model of corporate environmental behaviour.

Theory and practice: What works?

Reviewing the ‘‘second generation’’ instruments described above against
our empirical findings in the pulp and paper industry, the question arises,
what works in practice? Our study of the pulp and paper industry sug-
gests the following:

Self-regulation

There is little if any evidence to support a greater role for industry self-
regulation. The normal vehicle for ensuring industry-level self-regulation
is the industry association itself. But in the case of this industry the asso-
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ciation has adopted a lowest common denominator approach, which has
been seriously detrimental to innovation. Indeed, it has been character-
ized as producing a ‘‘crabs in the basket’’ effect, where if any one com-
pany seeks to generate changes ahead of its competitors it will be drawn
back into line as a result of peer pressure or more direct economic pres-
sure. For example, one pulp company that experimented with totally
chlorine-free pulp found it had to abandon that experiment because its
customers (other pulp companies in the United States of America) boy-
cotted its pulp.

Voluntary agreements

There is little evidence to support a greater role for voluntary initiatives.
As indicated above, the greatest changes in the environmental perfor-
mance of the industry have been technological changes driven by regula-
tion. Regulatory modelling seems to be a far greater influence than
voluntary initiatives in getting firms up to a minimum standard of perfor-
mance. Although pulp companies in Wisconsin have, through their indus-
try association, focused more recently on voluntary improvements, the
outcome of this initiative is not yet known.

Information and civil regulation

Many companies voluntarily choose to go beyond compliance. Their mo-
tives are mixed and some choose to go much further than others. Within

Figure 8.1 License model of corporate environmental behaviour
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this group lie the greatest prospects for innovation. Yet for some of these
companies the aspiration is only to build in a ‘‘margin of safety’’ to en-
sure that they do not fall below compliance. Such firms are still essen-
tially reactive and regulation driven. But others go much further. We
found the greatest driver for them was the perceived terms of their ‘‘so-
cial license’’. Informational regulation (which enables communities and
NGOs to monitor mills’ environmental performance and to compare that
of different mills) and civic regulation (especially procedural mechanisms
that empower community groups and rights of standing that all allow
them to take legal action) are particularly powerful levers to improved
environmental performance and to greater innovation.

Regulatory flexibility

At the heart of regulatory flexibility initiatives lies the EMS and an as-
sumption that by encouraging and rewarding companies to adopt such a
system they will thereby build in continuous improvement and cultural
change. Put more broadly, underlying such approaches is the belief that
such flexibility will ‘‘harness the power of competition to stimulate profit-
able clean technology and other environmentally beneficial innovations’’
(Smith 1997). This assumption is largely untested. Our research suggests
that ‘‘management’’ matters much more than ‘‘management systems’’. In
other words, the companies in our sample that were most committed to
environmental improvement and were the most innovative were those
that had a particular culture and set of perceptions: in our terms they
were either ‘‘environmental strategists’’ or ‘‘true believers’’ and were far
more likely to scan for environmental opportunities, see openings for
incremental technological innovation and believe that such innovations
would result in ‘‘win-win’’ outcomes. But that leaves open the question
of how policymakers might best shift corporate attitudes and motivation.
It is by no means clear that mandating or encouraging them to adopt a
management system is the best way to go (Coglianese and Nash 2001).

Technology, performance and process standards

In this industry at least, future technological change is likely to be driven
by regulation (Ashford and Heaton 1983).20 Yet governments are under-
standably reluctant to base performance standards on new technology
that is unproven, for should the unproven technology fail other jurisdic-
tions will not adopt the requirement, and local industry may be put at a
competitive disadvantage. Nevertheless, even without specifying more
stringent performance standards, regulatory agencies are able to influ-
ence the development of new technologies by specifying their long-term
goals and engaging industry officials in a dialogue about pathways and
timetables for achieving them. For example, the United States EPA notes
in the preamble to its cluster rule that it ‘‘believes that the mill of the fu-
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ture will approach closed loop operations’’, and suggests an avenue by
which this objective might be achieved.21
The implied government capacity to make such technologies, once de-

veloped by industry leaders, mandatory for all firms provides some incen-
tive for the leaders to experiment and innovate, thereby obtaining first-
mover advantages.22 It also provides some incentive for laggards not to
fall too far behind current industry practice and to avoid costly retrofits
if new technology becomes required. Regulation can stimulate greener
technological innovation and adoption of innovative technology by de-
creasing uncertainty. Thus regulation in general can be used to steer
(‘‘herd’’) industry toward excellence by setting a regulatory trajectory.23
This effect is intensified because regulations, health and environmental
concerns, and technological innovations in any jurisdiction commonly
ripple through to other jurisdictions by virtue of the process of ‘‘regula-
tory modelling’’.24
The ‘‘herding process’’ can be facilitated by the provision of good in-

formation about the relative environmental performance of regulatory
leaders and laggards. For the most part, regulatory systems’ performance
in this regard has been disappointing. In conducting this research, for
example, we faced tremendous difficulties in obtaining accurate and ac-
cessible data that could usefully be compared over time and between fa-
cilities.25 Good evaluations of government or corporate policy require
accurate, comparable outcome data. Monitoring requirements can pro-
vide such data if they take into account more than the compliance of a
particular facility at a particular point in time. Monitoring requirements
could allow for evaluative research and policy analysis if care is taken to
ensure that the data collection they require allows for comparison over
time and between facilities, and if the manner in which the data is re-
ported assures data quality and facilitates accessibility.

Conclusion

There are a variety of policy strategies available that might, subject to
political and economic constraints, encourage environmental innovation.
These include not only forms of ‘‘command and control’’ regulation, but
also the much more flexible, imaginative and innovative forms of social
control that bring together business firms, governments and third parties.
But just as the causes of major environmental problems are many and
various, so too are their solutions. Strategies to address environmental
degradation are context-specific.26 Which sorts of policies work will be
highly dependent on the characteristics of the environmental issue under
consideration and the context in which the issue is to be addressed. The
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empirical findings reported above are perhaps not generalizable beyond
the commodity-based and reputation-sensitive ‘‘heavy’’ industries. At
the very least, however, the license model developed in this paper does
offer important insights into the interplay between environmental policy
and environmental innovation. As such, it may contribute to a better un-
derstanding of what drives innovation, both technological and incremen-
tal, in a variety of different contexts and industries.

Notes

1. This paper is drawn from material published in N. Gunningham and D. Sinclair (2002)
Leaders and Laggards: Next Generation Environmental Regulation, UK: Greenleaf
Press. The author gratefully acknowledges the contribution of Darren Sinclair, who sub-
stantially conducted the case studies used in the book and referred to in this paper.

2. Of course, it is easier to weigh the relative merits of different instrument categories at
the extremes of the interventionism continuum than those located close together in the
middle.

3. For example, it should be noted that the American Forest and Paper Association had,
by mid-2001, expelled 16 industry members and that contract-based enforcement was
increasingly being viewed as a credible substitute for self-regulators’ lack of criminal en-
forcement powers.

4. This code of practice was devised in response to European boycott initiatives and
premised on industry awareness that national and international market forces demand
independent, reliable certification systems. See further G. T. Rhone (1996) Canadian
Standards Association Sustainable Forest Management Certification System, Ottawa,
Canada: Industry Canada.

5. For a comprehensive survey see Priest (1997).
6. Particularly chapter 3 and references therein.
7. The Dutch environmental covenants, represent (in European terms) an unusual hybrid,

since these agreements both address collective and sector-wide environmental issues
and are legally binding on individual companies through the permit system, and are
thus intimately linked to mainstream command and control. Rather than playing an an-
cillary or supporting role (as is the case with many European collective agreements),
they are a key component of Dutch environmental policy. For all these reasons, they
defy formal classification. They have nevertheless been very influential and represent
an important and apparently successful model.

8. Of these the most influential include OECD (1999) and Covery and Leveque (2001).
9. The French and German agreements on packaging-waste recycling are backed by de-

crees, specifying the regulations that would be enforced if voluntary agreements fail.
10. Civil society is conventionally defined as involving ‘‘citizens acting collectively in a pub-

lic sphere to express their interests, passions and ideas, exchange information, achieve
mutual goals, make demands on the state and hold public officials accountable. Civil so-
ciety is an intermediary entity, standing between the private sphere and the state’’ (Di-
amond 1996).

11. For example, a highly successful Greenpeace campaign has been largely responsible for
sensitizing European consumers (particularly in Germany and the United Kingdom) to
the clear-felling of old-growth forests. This has had a profound impact upon North
American companies exporting to those markets, who are increasingly being pressured
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by European buyers to provide evidence that the timber they supply has come from sus-
tainably harvested sources.

12. Porter and van der Linde (1995). However, it should be noted that while the Porter and
van der Linde view is in some respects (e.g., the extent to which it is rational for enter-
prises to pursue win-win solutions) a controversial one, the overall benefits of perfor-
mance over specification standards in the large majority of situations is now widely rec-
ognized.

13. An increasing number of large enterprises now recognize their obligations to comply
with environmental regulation and do so irrespective of the likelihood of detection or
sanction, in contrast to an earlier generation, which frequently sought to evade it. In-
creasingly, such corporations are also developing environmental strategies that incorpo-
rate pollution prevention, internal compliance auditing and compliance assurance pro-
grammes. Some are also actively seeking out win-win outcomes.

14. See also Kagan, Gunningham and Thornton (2003).
15. Regulatory regimes do not evolve in isolation. On the contrary, jurisdictions commonly

model their legislation on that of other jurisdictions. Indeed, Braithwaite and Drahos
(2000: 291), in their study of global business regulation, found that ‘‘in all the countries
we visited for this research, substantial parts of national environment protection laws
were modelled from other nation’s laws’’. And Harrison (2002), in a comparison of en-
vironmental standards setting in the United States, Canada and Sweden notes that
‘‘There has been considerable convergence in both regulatory standards and industry
performance’’. Of course, there is often a time lag between one jurisdiction adopting a
particular regulatory solution and it being taken up elsewhere, but in an industry like
pulp and paper – with a high environmental profile, plus relatively standard processes
of production and environmental technologies – it is hardly surprising that substantial
inter-governmental modelling took place.

16. The academic literature on regulation draws a distinction between regulations that spec-
ify ‘‘performance standards’’ (e.g., maximum emissions for particular substances) and
regulations that mandate the use of specific control technologies (‘‘technology stan-
dards’’). Michael Porter and Claas van der Linde (1995) have argued that performance
standards can foster innovation because they free up an enterprise to respond to a reg-
ulator’s requirement in the way it best thinks fit. In evidence, they cite the relative suc-
cess of the Scandinavian and United States governments in achieving emissions reduc-
tions in the pulp and paper industry. The Scandinavian companies, under a performance
based regime, ‘‘developed innovative pulping and bleaching technologies that not only
met emission requirements but also lowered operating costs’’. American companies,
in contrast, did not respond to regulation by innovating because the United States
specification- or technology-based regulations did not permit companies to ‘‘discover
how to solve their own problems’’ (Porter and van der Linde 1995: 129). However, in
the Washington state permits we reviewed, we found that mills were not generally re-
quired to install particular technologies but were required to meet performance stan-
dards, although these in turn were based on certain model control technologies. This
most often led to the installation of the model technology. In addition, where permits
did require the installation of a specific technology, this requirement had usually been
arrived at after negotiations between the regulator and regulatee, or only applied if cer-
tain conditions were met. Similarly, in all the jurisdictions in our study, pulp mills’ envi-
ronmental developments generally were driven by performance standards rather than
by governmental mandates to use specific technologies. These findings are in keeping
with a ten-country OECD study of the pulp and paper industry, which states: ‘‘The per-
mitting processes followed impose release conditions, including limits. These are devel-
oped on the basis of existing technology capable of meeting the limits. Mills are permit-
ted to choose what equipment to install to meet the limits. Flexibility is granted in
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enabling them to do this in the most cost effective manner. Specific technologies are not
mandated. In some cases, permit conditions include the installation of specified equip-
ment. It is noted that this is attained through prior discussions between the permitter
and permittee. The specification therefore reflects an agreement between the parties,
and not the mandating of equipment’’ (OECD 2000: 15).

17. See for example, Clark (2001).
18. See further Gunningham and Sinclair (2002), chapter 8.
19. Economic stakeholders include shareholders, customers, clients, suppliers and institu-

tional investors and lenders. Legal stakeholders include regulatory, judicial and legisla-
tive officials at all levels of government: municipal, state and federal. Social stakeholders
include local community groups, national environmental groups and, on occasion, the
general public.

20. For a discussion of the relationship of regulation and technology in a somewhat similar
context see Ashford and Heaton (1983).

21. Sixty-three Federal Register 18535.
22. Note Porter and van der Linde’s (1995) characterization of United States pulp and

paper regulations in the 1970s, which they argue prevented American companies from
realizing first mover advantages because it ‘‘ignored a critical principle of good environ-
mental regulation: Create maximum opportunity for innovation by letting industries dis-
cover how to solve their own problems’’.

23. Finnish pulp mills have found that this dynamic incentive to reduce averages below lim-
its in order to avoid accidental short-term exceedances has, however, been reduced by
the fear expressed by many that discharges far below the permit limits are likely to re-
sult in tighter permits.

24. In an industry with as high an environmental profile as the pulp and paper industry, in
which the processes of production are relatively standardized, substantial modelling ap-
parently takes place. For example, a number of our respondents pointed to the close re-
lationship between United States and Canadian environmental regulations particularly,
but similar technology-related regulatory solutions could also be found in New Zealand
and Australia. On the process of regulatory modelling generally, and its importance, see
further Braithwaite and Drahos (2000), chapter 25.

25. For example, some facilities would report pollutant discharges in efficiency units (pounds
per unit of production), others in concentration units (pounds of pollutant per litre of
water) and others in impact units (pounds per day). However, the data required to
make the conversions (production per day, discharge volume per day) between these
units was often not provided. Even when production figures were given, frequent
changes were made as to how production levels were reported, so that consistency
over time and between facilities was difficult to maintain. Sometimes, although the same
parameter was being monitored, the laboratory analytic techniques differed. Or differ-
ent parameters were used to try and measure a similar environmental problem (chlorine
discharges vs absorbable organic halides vs dioxin). While most jurisdictions required
that data be collected relatively frequently, there was no consistency as to how often it
was reported. Facilities were sometimes required to take daily measurements but only
report annual averages. Data was also difficult to obtain, sometimes requiring a visit to
the local regulatory agency and copying down the numbers on the company’s report.
Electronic data was available in some jurisdictions, but the data quality was not always
as good as one would wish. For example, the United States EPA’s Permit Compliance
System contains discharge monitoring report data for all permitted facilities in their
country. However, a value of 4.3 1,000 lbs/day is often entered into the database as 4.3
lbs/day instead of 4,300 lbs/day. Automated data quality routines ought to be able to
identify such problems.

26. For a similar conclusion see Opschoor and Turner (1994).
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9

Transitions and institutional change:
The case of the Dutch waste
subsystem

Saeed Parto, Derk Loorbach, Ad Lansink and René Kemp

About 150 years ago recycling was common practice in the Netherlands.
Individual entrepreneurs collected such items as glass, metals, old fabrics
and organic waste and sold them on for secondary use. The metals and
fabrics were reused and the organic waste served as fertilizer for the
land or feed for farm stock. This relatively effective and stable entrepre-
neurial system came under increasing pressure from the end of the nine-
teenth century by intensive industrialization, the subsequent economic
boom, population increase and urbanization. A centralized, government-
controlled system based on collection, incineration and landfilling was
developed to deal with increasing amounts of waste and to minimize the
health effects of untreated waste in urban centres. Until the late 1950s
waste was perceived as something to get rid of and keep out of sight.
This perception changed in the 1960s.

The next 40 years saw the development of a very differentiated waste-
handling system in the Netherlands. Through regulation and later priva-
tization, the Dutch government stimulated a series of developments that
led to the emergence of an integrated waste subsystem.1 Understanding
the underlying reasons for these developments offers important insights
for policymakers and political economists concerned with the interplay
between societal change, policy development, innovation and the emer-
gence of environmental technologies. For example, it is likely that be-
cause of the speed at which the industrial production system operated,
the large amounts of waste generated could not be effectively managed
at the desired speed by the individual entrepreneurs and the waste man-
agement technologies in use at the time. This may have led the industrial
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waste generators to dispose of wastes through the quickest means possi-
ble, i.e., by dumping or landfilling, and depriving the private entrepre-
neurs of the supply of wastes. At the same time, because of rising
consumption levels the amounts of residential or post-consumer waste
increased exponentially.
The rise in waste volumes forced the government to act and develop a

waste-handling arena (subsystem), complete with its infrastructure, rules
and regulations, and technologies. It is reasonable to suggest that since its
formation the waste subsystem has undergone an evolutionary process
characterized by significant ebbs and flows as a result of a coming to-
gether of a host of exogenous and endogenous factors. These factors
include increased environmental awareness, particularly since the late
1960s and early 1970s, educational programmes, scientific discoveries
and innovations within and outside the subsystem and insights into the
relation between waste and health. Today around 90% of the total waste
generated in the Netherlands is managed through recycling, reuse and in-
cineration.
We need more than intuition along the above lines to provide an in-

depth account of the evolution of the Dutch waste subsystem, however.
To investigate the link between environmental regulation and environ-
mental innovation we need to understand how the waste subsystem has
evolved over time and as a result of what set of intervening factors.
From a policymaking perspective we need to determine the conditions
that are likely to induce significant change and lead to relative stability
within the subsystem. Numerous studies of innovation dynamics have
underlined the importance of the institutional context (Cooke and
Morgan 1998; Gertler and Wolfe 2002; Lundvall et al. 2002; Nelson
1995). There remains, however, a significant gap between the extensive
literature on institutions and the equally impressive body of literature
on innovation systems. A major difficulty in bridging this gap arises from
the multiplicity of meanings and interpretations associated with such
phrases as ‘‘institution’’ (Neale 1987; Nelson and Sampat 2001), evolu-
tionary change and innovation. There are in addition numerous systems,
scales and levels at or through which institutions, innovation and evolu-
tionary change may be studied. Innovation at the firm, sector, cluster or
national scale occurs in a co-evolving institutional context – the institu-
tional context shapes the innovation path and is in turn transformed by
it. Thus from a policy perspective, analyses of transitions in the Dutch
waste subsystem need to be integrated with the institutional dynamics
that collectively facilitate or curtail advancement toward a different
stable state.
To understand why such significant changes have occurred within the

Dutch subsystem, we need to identify the institutions, significant events
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(including innovations), and the processes of institutionalization set in
motion by these events. In this chapter our main goal is to establish that
the Dutch waste subsystem has been undergoing transitions since before
1900 and that each transition may be identified through a set of institu-
tions operating at and through different levels of interrelation, scales of
governance and systems. Further, we argue that an institutionaliza-
tion process set in motion by the occurrence of a specific event or a
series of interconnected events preceded the emergence of each of these
institutions. Adopting the concept of transitions (see Kemp, this volume)
and drawing on the institutionalist literature, we examine the evolu-
tion of the Dutch waste subsystem to underline the institutional dynamics
of environmental innovation. We pay particular attention to the regula-
tory aspects of this evolution. We view the transformation of the waste
subsystem much in the same way as Kingdon (1984) viewed the struc-
tural change in the aviation industry in the United States: we thus set
out to identify problems, policies and politics to explain when, how and
why innovations2 have occurred in the Dutch waste subsystem over
time.3

Transitions in the Dutch waste subsystem

There appears to have been two transitions in the waste management
subsystem since around 1900. The first transition was signalled with the
government assuming direct control of municipal waste collection and
disposal, effecting a move from unregulated handling of waste to central-
ized systems of disposal. The stabilization period for the first transition
appears to have been between the 1920s and the 1960s. The second tran-
sition began in the 1970s and was to a large extent related to widespread
concerns about the state of the environment.

The second transition, from centralized disposal to management of
waste, was characterized by significant changes in production and con-
sumption patterns. The stabilization period for transition two seems to
have commenced in the late 1970s and ended by the mid 1990s. It may
be suggested that a third transition, or a period of turbulence preceding
a new transition, may have started in the late 1990s. The basis for this
suggestion includes new European Union directives on waste manage-
ment, a significant drop in the total volume of non-separated household
waste from the peak 1995 level, liberalization of waste markets and the
‘‘entrepreneurial’’ initiative by some waste operators to take advantage
of weakly regulated waste subsystems of the former Eastern bloc coun-
tries or the cheaper landfilling fees of other member states to export do-
mestically generated waste.

DUTCH WASTE SUBSYSTEM 235



As we noted in the introduction to this chapter, recycling and reuse
were common practice in the Netherlands prior to industrialization, and
there existed a stable small-scale private sector in waste. Rapid industri-
alization and accompanying socio-economic changes associated with it
undermined the stability of this sector. The growing population in the
cities became more and more vulnerable to infection and disease due
to the accumulation of untreated household and human waste. The first
initiatives to systematically collect household waste, not surprisingly,
were in the big cities where littering became a serious health and hygiene
concern. The first permit to collect waste is said to have been issued in
1847 to a Dr. Sarphati who was authorized to collect household waste
(Tellegen and Wolsink 1998). In addition, a new niche was emerging for
innovation in the use of organic materials and human waste (feces) in
fertilization processes. Recycling formally started in the Netherlands on
25 January 1920 with the establishment of the Algemeene Vereeniging
voor de Lompen – en Metaalhandel (Federation of Lamp and Metal
Handlers).

Transition 1: From unregulated handling to centralized systems of
disposal

In the beginning of the twentieth century, a strong tendency toward
living in urban areas necessitated the development of large-scale sewage
systems and the installation of toilets in houses. The introduction of arti-
ficial fertilizer weakened the demand for organic fertilizer resulting in an

Figure 9.1 Transitions in the Dutch waste management subsystem
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enormous decrease in the use of organic (compost) waste. The collection
of organic waste for economic gain became progressively less attractive.
In parallel, the process of economic growth and the manufacturing of
more and more consumable products created new waste streams result-
ing in a substantial increase in the total amount of waste generated. A
direct outcome of these developments was the withdrawal by private
entrepreneurs from collecting waste. The government was compelled to
become involved in the business of waste collection, treatment and dis-
posal. It may be suggested that these developments collectively represent
a transition from a diversified, decentralized market for waste to a more
centralized and uniform public waste-collection system.

Disposal of waste through landfilling seems to have been the method
of choice for the government in the early stages of the transition from
private to public waste management. The location of landfill sites was as
contentious then as it is now. In the beginning of the twentieth century
there were protests by local residents against landfilling the Naardermeer
near Amsterdam (Wolsink 1996). These protests led to the formation of
the Vereniging tot Behoud van Natuurmonumenten (Society for the
Preservation of Nature) in 1905 and the designation of the Naardermeer
as the first nature reserve in the Netherlands.

The combination of a shortage of landfilling space and the social pres-
sure to handle waste differently led to an increase in the waste inciner-
ated and drew attention to developing new technologies for more effi-
cient incineration methods. In 1912, the first incineration plant was
opened in Rotterdam, while Leiden and Amsterdam followed in 1914
and 1918, respectively. The small incinerator built in the Hague in 1918
was unique in generating electricity, a significant innovation in waste
management. The shortage of landfilling space in the immediate areas
where the waste was being generated led to the emergence of transporta-
tion operators such as the Vuilafvoer Maatschappij (Waste-removal asso-
ciation, VAM) whose role was to transport household wastes to other
areas for use as fertilizer or disposal. For example, the VAM transported
household waste to the province of Drenthe, where it was used to fertil-
ize the land.

Trends suggest that the stabilization period of transition one in waste
management commenced in the early 1920s. The stability continued well
into the 1960s and was characterized by the continued operation of the
incineration plants built between 1912 and 1918. This period also wit-
nessed a slow but steady increase in landfilling and innovation in landfill-
ing practices such as capturing and flaring landfill gases. The situation
thus seemed relatively stable and there appeared to be no rationale for
changing course.
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Transition 2: From centralized waste disposal to waste management

In the 1960s economic progress led to an enormous increase in general
production and consumption and therefore in the production of waste.
The increase in waste was caused by an increase in the use of plastics,
most notably in packaging materials, and the production of disposable
products. The new waste types were not suitable for composting and the
dominant practice in ‘‘managing’’ them was landfilling. By the beginning
of the 1970s the environmental impacts of landfilling had become a mat-
ter of public interest. This interest was compounded by widespread con-
cern about the negative impacts of consumerism, reflected in the Club of
Rome report in 1972 and the oil crisis in 1973. Combined with growing
dissatisfaction with waste and wasteful consumption, concerns were
raised about how waste was being managed. These concurrent develop-
ments appear to have determined the evolution trajectory of the waste
subsystem over the next 30 years.
During this period one of the major challenges for government

agencies dealing with waste was the shortage of landfilling space and
scarcity of sites to build incineration plants. The mounting volumes of
waste created a niche for private companies to transport large amounts
of waste to Belgium where landfilling space was still plentiful, and public
opinion about waste was significantly less negative relative to the Nether-
lands. At the same time, the Dutch government introduced regulation to
reduce waste volumes and, based on analysing the waste composition,
took innovative steps to eliminate or reduce the volume of certain waste
streams. A key outcome of these developments was the Waste Substances
Act (1977, Stb. 455) (Afvalstoffenwet) that defined the structure and the
procedures for the management of waste in the production and composi-
tion of products, the use of packaging materials, treatment and disposal
of waste and the separated-waste collection system. In general, the gov-
ernment in the 1970s tried to both limit the total amount of waste pro-
duced and take innovative steps to go beyond landfilling in the manage-
ment of waste.
Numerous innovations in the production process to eliminate waste

took place as direct consequences of the Waste Substances Act. In addi-
tion, the restriction placed by the act on certain waste types and materials
provided an incentive for product innovation based on use of unrestricted
materials – the act forced producers and consumers to consider a fuller
life cycle for products. Notable innovations during this period included
small-scale recycling of glass and fabrics as well as the reuse of materials
through second-hand stores. In the meantime, the government continued
to search for innovative ways to better manage waste. One such innova-
tion was ‘‘Lansink’s Ladder’’, a hierarchically ordered list of methods to
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manage waste from prevention to landfilling.4 The ladder was inspired
by Lansink’s earlier knowledge of reversible and irreversible thermo-
dynamics, and his experience of being a key participant in discussions on
waste incineration. Lansink’s Ladder coincided with and was bolstered
by the European Commission’s Directive on Waste in 1975.

The motion on Lansink’s Ladder was tabled and passed in the parlia-
ment in 1979, to become official policy in 1981 and a law in the Envi-
ronmental Management Act (1989, 1994). The hierarchy of waste man-
agement according to Lansink’s Ladder went from prevention, through
reuse (of products), recycling (of materials), incineration (with energy
production) and landfilling as the last option. The need for the preven-
tion of waste was considered to be necessary as well as obvious.

Arguably, the evolution of Lansink’s Ladder is intimately related to
the societal desire to deal with waste appropriately and to prevent ad-
verse environmental impacts. Pressed by the government and societal de-
mand, by the end of the 1970s waste handlers reluctantly but increasingly
had accepted the separated-waste collection system. The uncertainties
associated with developing standards for recycling or separated-waste
collection systems significantly weakened the willingness of businesses
and organizations to start participation in managing waste. Government
forced the waste operators to take an active interest in developing or
adopting new practices.

The initial reluctance to adopt the separated-waste system came from
the municipal waste-collection services that literally had to change their
routines, standard practices and some of their old structures. Other actors,
including environmental non-governmental organizations (ENGOs) and
private businesses, promoted and performed new activities such as the
collection of paper, glass and other recyclable materials. The systematic
collection of the bulk of recyclable waste and organic materials would
become institutionalized by the 1990s. In addition to the primarily endog-
enous factors that shaped the evolution of the waste subsystem, there
were also quite significant exogenous factors. During the early 1980s
there were serious concerns about the devastating effects of acid rain
and deforestation.

Also evident in the 1980s was a shift of focus from welfare to well-
being issues, including a healthy environment. The concern about envi-
ronmental well-being was in part fuelled by revelations that old landfill
sites such as Vogelmeerpolder near Amsterdam, one near Lekkerkerk
and numerous others elsewhere in the country were leaking, causing pol-
lution and environmental damage. The pollution was in part a product of
landfilling practices during transition one (from the early 1900s to the
1960s), though the main damage seems to have taken place between
1960 and 1970 when thousands of barrels of toxic waste were illegally
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dumped on former waste sites. New building plans revealed very high
toxicity levels in Lekkerkerk and there were many protests against the
public health effects of building residential housing on former landfill sites.
The government was pressured to initiate programmes for clean up, pollu-
tion prevention, reuse and recycling to more effectively manage waste.
A major consequence of the developments in the 1980s was the rise

in the appeal of Lansink’s Ladder as a ‘‘cognitive institution’’ among
policymakers: incineration was actively being promoted by government
agencies as the preferred option over landfilling. This led to an increase
of investments in incineration plants and related technologies throughout
the 1980s. Also in this period, interregional and international transporta-
tion of waste increased, stimulated by profit-seeking entrepreneurs and a
lack of domestic landfill capacity. This led to the first European regula-
tion on hazardous waste transportation in 1984.
Nevertheless, the total volume of household waste continued to rise

from over 3 million kilograms in 1971 to over 4 million kilograms in
1980. Despite all the recycling initiatives the total amount of waste stead-
ily increased, from 4 million to over 4.5 million kilograms between 1980
and 1990. However, the rate of increase was half the rate of increase
during the 1970s when it seemed that the volume of waste was closely
aligned with consumption and production as measured by GDP. In the
1980s a decoupling seems to have occurred between waste generation
rates and production and consumption rates (figure 9.2). Also, despite a

Figure 9.2 Decoupling of GDP and waste generation
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general increase in the total volume of waste generated, by 2001 the dis-
posal of production wastes through effluent discharge had been effec-
tively eliminated, the rate of growth for landfilled waste had slowed
down, and incineration and reuse/recycling rates had increased (figure
9.3).

Regardless of the controversies surrounding the issue of incineration
and the ever-increasing total volume of waste, figure 9.3 clearly demon-
strates that policies to steer waste away from landfill sites have been
highly successful. This outcome is in part attributable to a realization at
the end of the 1980s that systematic management of waste required
long-term, integrated and innovative policies. The change of perception
among the policymakers underpins the development of NMP1, which for-
mulated long-term (15-plus years) environmental targets. Other factors
contributing to the institutionalization and the subsequent emergence of
formal structures for waste management in the Netherlands include the
dioxin scandal of Lickebaert, when dioxin residues (by-products of incin-
eration) contaminated water sources resulting in serious illness among
people and farm animals. By the 1980s the perception of incineration as
an environmentally sound method of waste disposal had begun to change
dramatically.

A closer look at these developments reveals intense innovative activity
at all levels. For example, in response to the dioxin scandal the govern-
ment devised ambitious plans, besides NMP1, on pollution prevention
and reuse to minimize waste. ‘‘Producer responsibility’’ was introduced
to minimize consumer-generated waste, and Afval Overleg Orgaan

Figure 9.3 Waste generation levels since 1985
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(AOO: a specialized agency set up by VROM [the Ministry of Housing,
Physical Planning and the Environment]) was founded to coordinate
waste management systems and policies of higher and lower governmen-
tal bodies. Another policy innovation was the covenant on Verpakkingen
(packaging agreement), which was devised by the national government
to minimize packaging by suppliers of packaged goods through self-
regulation. At the societal level, the Rio Summit in 1992 re-emphasized
the need for sustainable development and thus provided additional impe-
tus for the institutionalization of national environmental protection.
The change in perception of waste among individuals and the resultant

behavioural change in terms of household waste separation and recycling
co-evolved with changes in the practices of waste operators and the struc-
ture of the waste subsystem. By necessity, waste operators had to learn
how to accommodate regulatory requirements regarding collection and
handling of waste. Structurally, deposit depots (milieuperrons) were es-
tablished to facilitate maximum citizen participation in waste elimination/
minimization efforts, and the so called VAM-vats (green boxes for or-
ganic waste) were distributed to every household. Regulatory and struc-
tural changes set in place in the 1980s were followed with further regula-
tion and structural change in the early 1990s. Regulations on emissions
and landfilling were accompanied by the establishment of new organi-
zations such as VVAV (Vereniging van Afvalverwerkers, an organiza-
tion of waste management companies, 1991) and the VAOP (Vereniging
Aanbieders Oud Papier: organization of recyclable waste flows, 1992). A
general law on environmental protection was passed in 1994 (wet milieu-
beheer). In this period the waste subsystem stabilized, with established
institutions and a functioning market. Despite these developments, there
are concerns that the new policy context of the European Union is likely
to generate significant challenges for the Dutch waste subsystem.5

Transition 3: Managing waste for sustainability or a regress into
past practices?

It is not yet clear whether the events since around 1995 will result in a
more, or less, desirable transition in the waste subsystem. Less formal in-
volvement by the national government in the waste subsystem could ar-
guably undermine the significant progress made during the 1980s and
1990s. At the same time, given the learning that has occurred during
the second transition, an argument could be made in favour of self-
regulation, particularly in the private sector, in waste management. The
basis for this argument is that waste management is now largely institu-
tionalized within major corporations and numerous firms driven by new
awareness of social obligations and cost savings.
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The evolution of the Dutch waste subsystem can be described in terms
of changes in the behaviour of agents and in the structure of the political
economy of waste. One may also underline changes in perceptions of
waste, emergence of mental models (cognitive institutions) and laws (reg-
ulative institutions) on how to deal with waste, changes in the behaviour
of individuals and organizations to act more responsibly toward waste
(behavioural and constitutive institutions, respectively), and the stratifi-
cation of public and private actors through the formation of alliances
and interest groups (associative institutions). Thus, researching transi-
tions from an institutional perspective has to focus on discovering events,
interrelations, phenomena or situations as they occur over time in a rea-
sonably well-defined subsystem. In the next section we demonstrate how
such a framework for analysing transitions may be applied.

Analysis: Institutions of the Dutch waste subsystem

Based on what has been described thus far, the evolution of the Dutch
waste subsystem can be closely aligned with changes in the institutions
that structure the subsystem. The grouping of institutions under behav-
ioural, cognitive, associative, regulative and constitutive types (table 9.1)
allows closer examination of how the subsystem has evolved over time.
For example, Lansink’s conceptualization in 1979 of a waste hierarchy
first emerged as a mental model (a cognitive institution) in response to
the problem of mounting volumes of waste coupled with a shortage of
landfill space. An institutionalization process that followed had the fol-
lowing key characteristics: formal adoption through policy of the ladder,
public information initiatives to increase awareness, financial incentives
to encourage/coerce individuals and organizations to minimize waste
generation, structural change to accommodate and treat separated
wastes, and legislation to forbid irresponsible waste generation and man-
agement.

This process led to the transformation of the Lansink Memorandum
into law in 1986 and to an elaborate business model (a regulative institu-
tion) widely adopted by industry in the 1980s. A similar point may be
made about the European Eco-management and Audit Scheme (EMAS)
and ISO 14001 environmental management system (cognitive institutions)
which in time also became regulative institutions and widely adopted by
private and public organizations (table 9.1).

Evidence of transitions can be found in the official government statis-
tics, collected since 1985. It is important to note that until relatively re-
cently official statistics were not collected for many of the subsystem’s
streams. Indeed, the policy to collect data may be viewed as an ‘‘event’’
that catalysed the institutionalization of data collection on waste. As
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table 9.2 shows, in the 15 years between 1985 and 2000 an increase of
21.6% over the whole period can be noted. These increases correspond
with increases in economic growth as measured by GDP and population.
Crucial to understanding why transitions occur is to identify the key in-

stitutions that come into existence, change in response to and/or reflect
(and deflect) the impact of identifiable events such as landfill and energy
shortages, groundwater contamination issues in the 1970s, significant
changes in production and consumption patterns and the emergence of
liberalized markets in the 1980s. These events, as well as others identified
in table 9.1, have acted as triggers and/or catalysts for a series of innova-
tions and institutionalization processes that have evolved over time into

Table 9.1 Institutions of the Dutch waste management subsystem (1970–present)

Institution type Example/catalytic event

Behavioural: Institutions as
standardized (recognizable) social
habits – manifested in activities of
individuals and groups as
reflections of social norms

Recycling and domestic and industrial
waste separation by individuals or
groups of individuals (1970s–present)

Cognitive: Institutions as mental
models and constructs or
definitions – manifested primarily
in what society expects of
individuals

Lansink’s Memorandum (1972–79);
liberalized markets (1980s); business
models for environmental
management, e.g., EMAS, ISO 14001,
(late 1980s); formalized producer
responsibility (1990s)

Associative: Institutions as
mechanisms facilitating prescribed
or privileged interaction among
different private and public
interests

Policy networks around air and water
issues (1970s–present); citizens’ and
producers’ networks to define waste
management policy on packaging,
collecting, separating, recycling,
incineration and landfilling

Regulative: Institutions as
prescriptions and proscriptions

Surface water and air pollution
legislation (1970s); covenants (1980s,
1990s); Lansink’s Ladder (1980s–
present); incineration guidelines
(1980s); environmental audits (1990s)

Constitutive: Institutions setting the
bounds of social relations

Government environmental
departments (1970s); organizational
waste management divisions (1990s);
NMPþ (1980s, 1990s, 2000);
Liberalized waste markets (1990s);
formalized producer responsibility
(1999); National Waste Plan (2000)

Based on Parto (2005)
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new structures that shape interrelations at different levels. To gain addi-
tional insight into the information provided through secondary data
sources, interviews were held with key informants from the Dutch waste
subsystem in late 2003 and early 2004, followed by a workshop in March
2004. The findings from the interviews and the workshop are reported in
narrative form in the remainder of this section.

Innovation and institutional change in waste management

The waste subsystem’s institutions have not all changed or changed
equally. To illustrate, the official definition of waste (a cognitive institu-
tion) in the Netherlands has remained unchanged and simply describes
waste as ‘‘that which is no longer wanted or needed’’. This is consistent
with the definition provided in the 1975 EEC (European Economic
Community) Directive on waste. However, the perception of waste has
changed quite dramatically, resulting in the emergence of behavioural in-
stitutions at different levels of interrelation. The perception has changed
from just ‘‘waste’’ being disposed of by individuals and organizations
without much contemplation and handled primarily by municipalities, to
an elaborate industrial sector that distinguishes between different waste
streams and provides services and infrastructure to absorb the bulk
(about 90%) of the generated waste. Almost instinctively, most individ-
uals and organizations separate different types of waste. The internaliza-
tion of formal procedures on waste disposal (a cognitive institution) has
led to the emergence of routines (behavioural institutions) among indi-
viduals and organizations for handling waste. Another aspect of the
changed perception is that waste management firms now view waste as a
commodity as long as it can be reused, recycled, recovered or resold
while many subscribers to Lansink’s Ladder view waste as a potential en-
ergy source.

Table 9.2 Increase in total waste produced, 1985–2000

Period Increase (%)

1986–1990 7
1991–1995 3.6
1996–2000* 11

Total 21.6

Source: AOO, RIVM, CBS
*Total waste numbers in 2000 are comparable with those in 1999, 2001 and 2002
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Regulations and formal guidelines have continually refined the typol-
ogy of waste through successive prescriptions and proscriptions (regula-
tive institutions) while new markets have emerged (constitutive institu-
tions) in response to new regulations and guidelines on waste handling
or innovations to extract further use from waste. Regulative and constitu-
tive institutions have created new market niches and new needs that have
in turn bolstered innovation within the subsystem. Also, there has been
horizontal and vertical integration in the Dutch waste market in response
to the restructuring of domestic and European markets (both constitutive
institutions). There are now numerous multinational waste corporations
that have taken over the previously Dutch-owned waste management
firms, while some Dutch energy providers such as ESSENT have been
taking over waste-to-energy operations (incinerators). A further reorga-
nization of the market is likely because of a general move toward market
liberalization within the EU. On the basis of the typology in table 9.1, we
interpret the emergence of market liberalization as an idea (a cognitive
institution) in the 1980s that acted as a catalyst to set in motion a process
that led to a redefinition of the ‘‘bounds of social relations’’ in the market
(constitutive institution) in the 1990s.
Institutional change in the Dutch waste subsystem led to a series of in-

novations including the introduction of the deposit system for product
containers, post life-cycle disposal fees on appliances and vehicles, chain
integration and design for disposal. The dioxin problems of the 1980s led
to the emergence of a series of regulations which in turn catalysed the
emergence of new technologies throughout the incineration process,
from input separation and preparation techniques through to burning
methods and the treatment of the outputs. The end results of these inno-
vations were cleaner emissions from incineration and more effective fly
ash collection and treatment systems. At the same time, technology was
adopted from other sectors for waste treatment including the adaptation
of pellet-making machines (used mainly in the production of animal feed)
to produce pellets from plastic packaging materials. Some of the key in-
formants interviewed expressed concerns about the ‘‘lock-in’’ effect of
incinerators for requiring a steady or increasing supply of combustible
wastes as fuel to generate energy, however.
When asked what had facilitated the transformation of the waste

subsystem, the key informants identified a number of catalytic events
(table 9.3). There appeared to be consensus among the key informants
that there had been a major transformation in the waste subsystem and
that a period of stability had set in. But there were also concerns
about the liberalization of the waste market within the European
Union and how it might destabilize the Dutch waste subsystem. For
example,
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In the Netherlands things are contained and under control. But we need to
raise the bar at the EU scale for waste management to the Dutch [high] stan-
dards. European Union policies need to be implemented and regulations prop-
erly and evenly enforced. The EU’s packaging regulation leaves it to individual
members to choose between regulation and covenant. This causes disparity in
implementation and the playing field.6

Similarly,

The waste policy in the Netherlands is of quite high standards. Because of the
wish by VROM to open the borders for waste, Dutch waste that could go to
incinerators to generate energy is leaving the country to be landfilled some-
where else. Of course we want access to the European market but we don’t
want a dismantling of what has been built over so many years in the Nether-
lands. We have a level playing field. In the Netherlands we have a landfill ban
on burnable waste and also we have the highest landfill tax in Europe (about
eighty euros). When you open the borders then you see the movement by col-
lectors who opt for the cheapest landfill tax possible, regardless of waste type

Table 9.3 Dutch waste subsystem’s catalytic events

Catalytic event Endogenous Exogenous

Landfill capacity shortages B
Environmental problems (soil and

groundwater contamination)
B

Increased environmental awareness B B
Public environmental awareness campaigns B
Formalized environmental education in

schools
B

Creation of VROM and AOO B
Club of Rome Report B
1970s oil crisis B
Environmental regulations B
Voluntary initiatives B B
Covenants B
Financial incentives B
EEC Directive on Waste (1975) B
Emergence and institutionalization of

ENGOs
B

Availability of and access to information on
environmental issues

B B

Emergence of new technologies B B
Acceptance of key technologies such as

incineration
B

Availability of suitable technologies in other
sectors

B B

Increased government funding for R&D on
environmental issues

B
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or distance. In Germany there is no landfill tax. This threatens the structure of the
waste system in the Netherlands. Somehow policy has to address this problem.7

And,

The liberalization of the market is very bad for the stability of waste man-
agement in the Netherlands. The controls are gradually being relaxed. With
the single market in the European Union, transporters of waste will do what-
ever they want by looking for the cheapest way of getting rid of waste. There
is definitely an advantage, in that markets for recycling, reuse and recovery are
being expanded. But the point is [Dutch] regulation is being undermined.8

These comments seem consistent with our assessment of the current sta-
tus of the Dutch waste subsystem as indicated in figure 9.1 (T3). That is, a
period of instability which began to set in around 1995 is likely to con-
tinue and could be a new predevelopment-phase of the subsystem with
the final outcome (next stable state) as yet undetermined. Given the una-
nimity of the comments on the current status and the main catalytic
events responsible for the evolution of the subsystem, the key informants
were asked ‘‘What issues or factors should be the focus of policy on
waste?’’ This question generated a more differentiated set of views:

We need to change people’s behaviour. We have to somehow reduce the amount
people generally consume. We have to make households do more source separa-
tion. But this is very difficult. Waste in the Netherlands is a very prominent issue
because of space. We can use this to our advantage by being more innovative in
terms of policy, consuming habits and technological development.9

Or,

[We need to increase] public awareness on waste, especially with households.
They consume the most. . . . We [should] make deals with industry on waste-
to-energy co-arrangements. Industry is also the main source of our landfill
waste [and] they are a fixed target. We [should] use economic instruments like
landfill taxes and other incentives and disincentives, for example, one euro for
a garbage bag. Waste management should be promoted as not only environ-
mentally crucial but economically viable. . . . We should concentrate also on
the supply side, like packaging, advertising.10

And,

We should anticipate and prevent the occurrence of chaos in the Dutch waste
subsystem due to liberalization without control. All we need to do is to take a
look at what happened to the railway network operations in England or look at
our own experience with the liberalized energy market (2003) – nobody seems
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to want to invest in the sector anymore. We need a package of measures including
financial incentives, regulations, covenants and market harmonization. Education
is sufficient at the moment. We now need to apply these other measures.11

Moves toward more liberalized waste markets were not opposed by any
of the key informants. However, as the last quote clearly illustrates, there
are serious reservations about liberalization without constitutive institu-
tions to set the ‘‘bounds of social relations’’ or regulative institutions to
act as ‘‘prescriptions and proscriptions’’. Some, however, advocate con-
trolled liberalization as a means to improve the performance of the sub-
system:

We have to watch out for the effects of the liberalized European Union market
on the Dutch market since we don’t know what the outcome will be. We should
delegate more responsibility to the main actors like the private sector, the
packaging industry and the car industry. We need to invest in education about
the need to integrate waste by closing the loop. We should initiate more pre-
vention drives.12

The key informants also unanimously agreed that the positive rate of in-
crease in the total volume of waste could not be reduced to zero because
it was driven by long-established and institutionalized consumption pat-
terns. However, there were numerous ways of absorbing this waste by
‘‘using the tools we have imaginatively and thoughtfully’’ (key informant
6).

The modern Dutch waste subsystem is the product of numerous types
of institution with varying degrees of importance and life span. If we as-
sume that the gap between total waste generated and treated is indeed
closing, we can conclude that the 1990s signify a period of stability in a
long-term transition in the Dutch waste subsystem. This is evident in
changed behaviour by individuals, organizations and large sections of the
society. Change is also evident in the perception of waste by individual
decision makers in private and public capacities. The change in the per-
ception of waste is reflected in social and economic values, legislation,
habits and the appearance of new institutional forms such as private and
public lobby groups. Retrospectively, the period starting in the early
1970s and lasting to the early 1990s may be described as the combined
‘‘acceleration’’ and ‘‘take-off’’ stages as denoted in figure I.2. Arguably,
the acceleration and take-off stages received a direct boost from the for-
mal presentation of Lansink’s Ladder (1979) to the policy makers. As the
dates in table 9.1 show, this period also witnessed a proliferation of for-
mal institutions. Today, around 90% of the total waste in the Netherlands
is diverted from landfills through recycling, reuse and incineration.
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Households and firms appear to have internalized certain behavioural
traits at will, because of care for the environment, and/or by obligation
because of an effective system of sanctions.

Conclusion

An examination of the Dutch waste subsystem since the late 1960s re-
veals that the significant events of the 1970s catalysed a series of institu-
tionalization processes that significantly transformed the subsystem. The
increase in the amounts of waste as well as the problems related to the
disposal of waste led to regulatory and structural changes during the
1980s, especially the legal codification of Lansink’s Ladder in the Envi-
ronmental Management Act. This was followed by further regulation and
structural change in the early 1990s. Regulations on emissions and land-
filling were accompanied by the establishment of new organizations such
as the VVAV, AOO and VAOP. Also, numerous regulations were de-
vised ranging from general laws on environmental protection (wet mi-
lieubeheer, incorporating Chemical Wastes Act [1976] and the former
Waste Substances Act [1977]) to the various Environmental Policy Plans
(NMP). Despite these efforts it seems that although an increasingly larger
part of the waste generated has been put to good use, the total amount of
waste generated has steadily increased (figure 9.3).
The increasing volumes of waste have been attributed to the unsustain-

able production and consumption patterns that characterize all modern
economies (Daly and Cobb 1989; Meadows et al. 1972) and the general
growth of the population. In any case and as far as the policy and practice
of waste management in the Netherlands are concerned, it is not at all
clear how the current trajectory will evolve over the next few decades.
The new institutional context created by the European Union brings
new challenges and numerous opportunities for the waste subsystem in
the Netherlands. The new context is increasingly multi-level in terms of
public-private interrelations, multi-system in terms of the integrated
social-economic-environmental policymaking frameworks, and multi-
scale in terms of the governance of socioeconomic and environmental do-
mains. The main challenge comes from pressures to rely on market forces
to induce economic efficiency and long-term viability in waste manage-
ment. The consequences of relinquishing government control could argu-
ably undermine the significant progress made in the handling (though not
elimination) of waste during the 1980s and 1990s. At the same time, given
the learning that has occurred during the transitions identified in this
paper, an argument could be made in favour of self-regulation, particu-
larly in the private sector, in waste management.
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Our intuition and the analysis of the empirical data in this paper sug-
gest that there have, indeed, been significant changes amounting to at
least two transitions in the Dutch waste subsystem. The analysis in this
paper provides a first attempt at understanding the dynamics of these
transitions through institutional change. In table 9.1 we illustrated that
behavioural norms such as recycling have become instituted at the indi-
vidual and organizational levels: a mental model such as recycling
emerged and became widely routinized (behavioural institution) while
another mental model, Lansink’s Ladder, was adopted as the basis for
policymaking to generate legislation, covenants and guidelines as regula-
tive institutions. In addition, private and public networks became estab-
lished as associative institutions through collaboration and mutual trust
to assess and redesign the waste subsystem. Finally, government environ-
mental departments and private sector waste management divisions were
set up to become constitutive institutions setting the bounds for manag-
ing waste.

The evolution of the waste subsystem in the Netherlands makes a con-
vincing case for vertical policy integration in bringing about societal
change. The chapter on the Dutch waste subsystem is far from fully writ-
ten however. The subsystem is likely to undergo further changes due to
two relatively new (and potentially catalytic) events of ‘‘Europeaniza-
tion’’ and market liberalization. Understanding the institutionalization
processes that have been, and are likely to be, triggered by these two
events is essential for deciding on future policymaking options in waste
management.

Appendix

Chronology of major events in the Dutch waste
management subsystem

1875: The general Nuisance Act (Hinderwet), originated from Napoleonic
times. The intent was to control the danger, damage and nuisance caused
by industry and increasingly also other installations (Lieffernik 1997: 211,
cited in Haverland 1999: 105).
1975–1977: The Waste Substances Act (Afvalstoffenwet, Stb. 455), deal-
ing mainly with municipal waste and underlining the responsibilities of
the national, provincial and municipal levels of government. Under this
act:

1. Municipalities specify the frequency of household waste collection
(at least once a week);
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2. Provinces are responsible for granting permits for landfills, waste in-
cinerators and other waste processing facilities; generating statistics on
generated waste and methods of processing; and drawing up waste plans,
to be revised every five years; and,
3. National government oversees the implementation of the act.

1979–1985: Coming to force of all provisions of the Waste Substances
Act, particularly Article 27 to enact regulations to reduce waste volumes.
1979: The Lansink Memorandum (Motie Lansink): The Memorandum
proposed the ‘‘waste hierarchy’’ consisting of the following options: (1)
prevention, (2) product recycling (reuse), (3) material recycling, (4)
incineration with energy recovery, (5) incineration and (6) landfill/
controlled dumping.
1982: The environmental division of the Ministry of Public Health and
Environmental Hygiene was incorporated into the newly established
Ministry of Housing, Physical Planning and the Environment (VROM).
1983: Environmental Policy Integration Plan was issued. The plan inte-
grated environmental problems across air, water and soil media.
1988: The Memorandum on the Prevention and Recycling of Waste Ma-
terials: This Memorandum was prepared by VROM officials in consulta-
tion with the experts from RIVM (Rijksinstituut voor Volksgezondheld en
Milieu – National Institute for Public Health and the Environment) and
issued by the government in reaction to a critical report by the Dutch En-
vironmental Advisory Board (CMRH) and the subsequent discussions
with parliamentary committees. The memorandum was one of the first
such documents to promote the ‘‘closure of material cycles’’ as a means
of preventing pollution and the generation of waste. This approach
marked a new phase in waste management in the Netherlands. The mem-
orandum also adopted the waste hierarchy as developed in the previous
Lansink Memorandum of 1979. The targets were presented as govern-
ment preferences, non-binding and intended for guiding consultations on
waste reduction targets by the target groups. These consultations, re-
ferred to as ‘‘strategic discussions’’, were to set specific targets and artic-
ulate implementation plans to meet them. The ‘‘indicative’’ targets set by
the government included waste reduction, reuse, recycling, incineration
and disposal.
According to Koppen (1994, cited in Haverland 1999: 113), the Memo-

randum on the Prevention of Waste Materials formalized the informal
process through which waste had been managed in practice in the Neth-
erlands. The government used the term ‘‘strategic discussion’’ to stan-
dardize and formally adopt the negotiation procedures that had devel-
oped during the consultations of the target groups. Strategic discussion
became the official procedure for government to regulate waste manage-
ment and formed the foundation for the various covenants that emerged
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in later years. The negotiation procedures that defined strategic discus-
sions were also consistent with the Dutch tradition of consultation, pro-
portional representation and consensus building. In waste management
the intent appears to have been one of emphasizing partnerships so as
to internalize ‘‘the problem’’.
1989: National Environmental Policy (Kiezen of Verliezen). The NMP
took a ‘‘management approach’’ to environmental problems and identi-
fied waste disposal as one of eight environmental areas of concern. Tar-
gets were defined for waste processing, waste prevention, reuse and recy-
cling programmes. Waste streams were associated with target groups
whose activities directly affected the generation of particular wastes. The
target groups included ‘‘industry’’ and ‘‘consumers and retail trade’’.
1994: Environmental Management Act (incorporating the Chemical
Wastes Act and the Waste Substances Act).

Packaging waste was identified in the act as a primary area of concern.
Elimination of certain packaging materials, separate collection of certain
waste types, and the use of container deposits were legislated as means to
minimize the amount of packaging waste generated (Koppen 1994: 153,
cited in Haverland 1999: 105).

Concurrent with these developments, the national government also
sought to achieve voluntary agreements with the private sector on mat-
ters of toxic waste elimination and solid waste reduction. ‘‘Institutional’’
barriers in the early stages of implementation included:

1. End-of-pipe orientation of available solutions;
2. Lack of experience of personnel in charge of policy implementation,

e.g., issuing advice, licenses and permits to waste management operators;
3. Lack of cooperation between policy implementers and established

civil servants;
4. Lack of appropriate resources, e.g., funding, personnel, to imple-

ment policy;
5. Disagreement by the sub-national policy implementers with the au-

thoritarian approach of VoMill, which was also deemed to have more
sympathy with the interests of those to be controlled than with the civil
servants in the Hague;

6. Insufficiently developed or instituted accountability mechanisms at
all levels; and,

7. Because of the above, implementers often tended to react rather
than pursue an active and systematic approach to issuing permits/licenses

The first phase of the Dutch packaging waste policy started in the early
1970s and ended in the mid 1980s. During this phase the government pro-
ceeded in an ad hoc manner to deal with the packaging waste problem.
During the same period there were also signs of commitment to waste
reduction by the packaging chain members, in part in reaction to the
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pressure from environmental non-governmental organizations involved
in awareness raising of consumers through boycotts and information
campaigns. In 1973 a group of members of parliament put forward a pro-
posal for legislation on packaging waste, which, while not successful,
pointed to the fact that the issue of packaging waste had reach the realm
of national politics.
The response by a group of packaging chain members was to establish

the Foundation of Packaging and the Environment (Stichting Verpakking
and Milieu – SVM) in 1971. The group members represented a broad
spectrum of the packaging chain from manufacturers of packaging mate-
rials to retailers (Haverland 1999: 106). By the early 1990s, SVM repre-
sented some 60 to 80% of the packaging chain members (Haverland
1999: 107). It has been suggested that SVM’s primary concern was to en-
sure that the demands by the public and the environmentalists did not
undermine the interests of the packaging chain members (Peterse 1992:
202, cited in Haverland 1999: 107). Despite its reactive origins, the SVM
evolved into a meditative body between the government, environmental
groups and packaging-sector interests. The SVM actively sought to pur-
sue and assist in the implementation of its environmental/packaging poli-
cies by the affiliates (Peterse 1992: 202–4, cited in Haverland 1999: 107).
A shift of paradigm from end-of-pipe to ‘‘waste hierarchy’’ is said to

have occurred in 1979, marked by the issuance of the Lansink Memoran-
dum (Motie Lansink). The waste hierarchy consists of the following op-
tions: (1) prevention, (2) product recycling (reuse), (3) material recycling,
(4) incineration with energy recovery, (5) incineration and (6) landfill/
controlled dumping. The Lansink Memorandum on waste informed the
1989 National Environmental Policy Plan (NMP) and the waste chapter
in the 1994 Environmental Management Act (Wet Milieubeheer WM
1994; Schuddeboom 1994: 100, cited in Haverland 1999). The memoran-
dum promoted prevention of waste and stimulation of reuse. Since reuse
would reduce the demand for primary packaging materials, and therefore
adversely affect the manufacturers of primary packaging, the SVM medi-
ated for an agreement among the sub-system actors on the recycled con-
tents of packaging materials (Peterse 1992: 203, cited in Haverland 1999:
107).
1985: Joint Declaration and Code of Conduct on Drink Containers:
The declaration anticipated the European Directive on liquid containers
that came into effect in the same year and was to be implemented by
1987. The declaration and the directive shared the premise that imple-
mentation was to be based on voluntary agreements. The declaration
was signed by VROM (VoMill’s successor), the Ministry of Agriculture
(LNV), the Ministry of Economic Affairs (EZ), statutory trade associa-
tions, SVM and the Foundation of Food Retailers (Stichting Centraal
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Bureau Levensmiddelenhandel, SCBL) (Klok 1989: 170, cited in Haver-
land 1999: 108). The declaration did not reflect or incorporate the wishes
of VROM that had argued for a return system and was thus biased to-
ward the interests of the packaging industry.
1987: Code of Conduct on PET bottles: The Code of Conduct was signed
in 1987 by VROM, LNV, EZ, the soft drinks trade association and SCBL
to implement a deposit-on-return system. Fierce boycotting campaigns by
environmentalists and producers of PET preceded the signing of the
Code of Conduct. The resultant 10-cent deposit system was seen as too
low by VROM, environmentalists and the government to generate com-
mitment by consumers and retailers to recycling PET bottles. The lack of
commitment was coupled with structural problems that affected the mar-
ket for recycled PET. It may be argued that consumer and government
pressure to limit the volume of PET waste and further advances in the
technology of PET production led to the emergence of refillable PET
bottles with a deposit of one guilder. The production of non-reusable
PET bottles was gradually but completely phased out (Ingram 1997: 10
and Schuddeboom 1994: 106, cited in Haverland 1999: 110).

The Chernobyl disaster (1986) and the publication of Our Common
Future (World Commission on Environment and Development, 1987)
pushed concern for the environment to the top of political agenda in
most OECD countries. The impacts of this renewed focus on the environ-
ment are said to have been felt more in the Netherlands, possibly for the
same reasons as in the 1960s and 1970s. (These reasons included the in-
clusive Dutch political system of representation, small geographical size
coupled with high population density and chronic environmental issues
such as soil contamination). Forty-five per cent of the electorate viewed
the environment as the most important issue, while 20% of Dutch adults
were members or registered supporters of an environmental organization
compared to Britain’s 11% and a European average of 4.2%.

The emergence of ‘‘sustainable development’’ as an all-encompassing
concept paved the way for a political convergence characterized by mark-
edly less radical agendas of environmental groups, the popularization of
‘‘the environment’’ among ordinary citizens, increased membership of
environmental organizations, and professionalization and institutionali-
zation of environmental groups. A number of government and non-
government committees included environmentalists as participating
members of their proceedings (Bressers and Plettenburg 1997: 118, cited
in Haverland 1999: 110). The publication of Zorgen voor Morgen in 1988
by RIVM was a turning point in the government’s approach to environ-
mental protection. The report expressed alarming concern about the
state of the environment in the Netherlands, emphasized the importance
of attending to the sources of pollution, and viewed environmental pro-

DUTCH WASTE SUBSYSTEM 255



tection as a longer-term project requiring policies spanning decades
rather than years. In terms of waste generation, the report identified in-
dustry and consumers as the key sources of the problem.
In 1987, the National Environmental Advisory Board urged govern-

ment and industry to pay attention to waste prevention. The board attrib-
uted the urgency to the inherent limits imposed by the Netherlands’ small
size, geography and dense population. The potentially adverse implica-
tions of waste generation for societal well-being within these confines
were used by the board to argue for a substantial decrease in waste gen-
eration. In 1988, after a lengthy meeting of the environmental committee
of the Dutch parliament, the minister promised to formulate concrete
plans for waste reduction.

Notes

1. ‘‘Subsystem’’ is used here to delimit a composite domain or arena with identifiable sys-
tem components, e.g., social, economic, ecological, political and so forth. A subsystem is
by definition a part of an interconnected, interdependent whole.

2. In our analysis we adopt a broad view of innovation to include novelty in policy-making
approaches and the emergence of ‘‘mental constructs’’ such as recycling and waste sep-
aration.

3. See the appendix for a chronology of major events of the Dutch waste subsystem.
4. The hierarchy went from prevention, through reuse (of products), recycling

(of materials) and incineration (with energy production), to landfilling as the last option.
5. This general concern is discussed further later in this paper.
6. Key informant 1 (private sector).
7. Key informant 2 (private sector association).
8. Key informant 5 (environmental NGO).
9. Key informant 3 (journalist – specialized trade magazine).

10. Key informant 4 (governmental organization).
11. Key informant 5 (environmental NGO).
12. Key informant 6 (government expert).
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10

Integrating environmental and
innovation policies

René Kemp

This chapter briefly examines the effects of innovation policies in bring-
ing forth environmental innovations – innovations offering environmen-
tal gains relative to existing technologies.1 It is found that innovation pol-
icy is insufficiently oriented toward green system innovations and badly
coordinated with other areas of policy, especially environmental policy.
Suggestions are given for integrating environment and innovation poli-
cies. One such suggestion is the use of programmes for system innova-
tions offering sustainability benefits. Such programmes should be selected
and implemented as part of long-term transition policies that are con-
cerned with redirecting the trajectories of development. A model of tran-
sition management is outlined in the paper and applied to mobility. In
the model, alternative trajectories are explored in a forward-looking yet
adaptive manner. The model has been developed by the author together
with Jan Rotmans and has been adopted by the Dutch government as a
steering model for working toward sustainable energy, mobility and
agriculture.
The structure of the chapter is as follows. The section immediately fol-

lowing this discusses the environmental effects of innovation policies and
outlines a new perspective on environmental innovation policy. This is
followed by a discussion centring on the innovation effects of environ-
mental policy and makes a plea for the combination of policy instruments
and programmes for system innovation. A description of the model for
transition management, and the applications for transition management
to sustainable mobility appear ahead of the summary and conclusions.
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Environmental effects of innovation policies

All OECD countries have an innovation policy, superseding the science
and research policies of the past. Such policies are aimed at helping pri-
vate companies innovate and orient toward economic, not environmen-
tal, goals. But new technology can also bring environmental gains and
thus may alleviate the trade-offs between environmental well-being and
environmental quality (Jaffe and Stavins 1990: 1). Environmental bene-
fits are often a gratis effect of new technology. Advanced technologies
tend to be more resource-efficient while generic technologies in infor-
mation and communication may be utilized to serve environmental
purposes. For example, sensors aid waste management and help to limit
pollution by providing crucial process information to operators. The en-
vironmental benefits from innovations may be accidental, in the sense
that the original research leading to these innovations was not environ-
mentally motivated or because the innovations are inherently more envi-
ronmentally benign.2

The sensor example demonstrates that environmental technologies
should not be privileged as the source for achieving environmental gains
(Williams and Markusson 2002). There are other sources for obtaining
environmental improvement as well, such as new processes that are
more resource-efficient, a shift toward cleaner products and behavioural
change. This suggests that it is better to talk about ‘‘innovation for the
environment’’ which includes innovations that are not environmentally
motivated (Berkhout 2002). There is also a second reason for not privi-
leging environmental technologies, which is that they may lead to a trans-
fer of environmental problems or add to the costs of the company. This
holds true for end-of-pipe technologies that cause a waste problem unless
the captured pollution and treated emissions are reused. Whether the
captured or treated pollution is utilized depends on the existence of mar-
kets for waste and the economics of reuse vis-à-vis the costs of waste dis-
posal. Fly ash is used in cement production and sewage sludge from com-
munal wastewater treatment plants is burned in cement kilns.

Environmental technology can be supported through special innova-
tion programmes. Examples are the Dutch ‘‘Milieu en Technologie’’ pro-
gramme and the German BMBF research programme for environmental
research and environmental technology. In the German programme a to-
tal of 1,402 projects were supported, receiving @646 million (Angerer
2002). The funds were distributed among various environmental fields.
Most of the projects consisted of treatment technology, or cleaning tech-
nology, keeping in with the past orientation of environmental policy to-
ward end-of-pipe solutions. Forty per cent of the projects were oriented
to water pollution, 33% to waste management, 6% to air pollution and
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15% to clean technologies and environmentally sound products (Angerer
2002). The share of 15% for clean technologies and environmentally
sound products, in which pollution is prevented rather than dealt with, is
very low. The lion’s share of the money went to cleaning technologies.
From a policy evaluation perspective, it is important to establish

the extent to which the two programmes encouraged firms to carry out
research that would not have otherwise been undertaken. It is also im-
portant to ascertain whether the affected firms were encouraged to un-
dertake environmental technology projects earlier or in a more elaborate
way. These issues were investigated through an evaluation by ISI
(Fraunhofer-Institut für Systemtechnik und Innovationsforschung), the
results of which are described in Angerer et al. (1997). The results were
quite positive. Thirty-six per cent of the projects would not have suc-
ceeded without this support and 38% of the projects were carried out
with greater scope than initially planned. Only 5% of the projects were
carried out in the same way as initially planned, despite the availability
of additional funds, reflecting a free rider effect. However, the evaluators
noted that the free rider effect was low compared to other programmes.
The high behavioural influence (additionality) of the German pro-
gramme is probably due to the fact that the subsidy was quite high (51%
on average). A second explanation might be that many of the projects
were end-of-pipe solutions for which the incentives for innovation were
less favourable than for normal innovations.3

Figure 10.1 The additionality of the German environmental technology pro-
gramme between 1980 and 1992
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Additionality is one criterion to evaluate programmes. Another crite-
rion is whether the innovations are used and the magnitude of the envi-
ronmental benefit connected with their use. There is no information on
the environmental impact and actual use of the innovations supported
by the German programme, but the evaluation study by ISI found that
16% of the projects had a decisive influence on the design or implemen-
tation of environmental regulation. A further 20% were supportive but
not decisive to policy changes (Angerer 2002).

The German BMBF programme was more successful than the Dutch
Sustainable Technology Development Programme (DTO), an interde-
partmental research programme for sustainable technologies that ran
from 1993–1997. The additionality of DTO was very high but neither
policymakers nor industry utilized the results. The goal of the pro-
gramme was to identify and work toward technology options offering a
factor 20 improvement in environmental efficiency while satisfying
human needs in terms of nutrition, transport, housing and water supply
and protection. Industry was an important actor in the programme. In
the DTO programme, industrial opinion leaders were asked to think
about long-term technological solutions offering magnitude environmen-
tal benefits. They were selected for their imagination and their position
within industry because the programme wanted to influence the indus-
trial research agenda. Many of the industry people were research direc-
tors. In total, 25 million guilders (@11.3 million) were spent under the
programme by the Dutch government. The financial contribution from
industry was low, about 10% of the costs of the illustration projects, in
the form of money and time. The DTO programme led to the develop-
ment and articulation of 14 illustration processes for sustainability.

The project was successful in tapping into the participants’ imagination
and led to ideas for system innovation and networks of collaboration but
failed to influence industry’s research agenda in a significant way for the
simple reason that the technologies were not economical. Their use would
require a change in the frame conditions, giving the sustainable technolo-
gies a competitive edge. A five-million-guilder (@2.3 million) programme
of knowledge transfer called DTO-KOV followed the first programme
but again did not address the root problem of unfavourable frame condi-
tions. The absence of a pull mechanism frustrated the further develop-
ment of these technologies and the creation of new systems.

A programme that was very successful in terms of the immediate
utilization of the results is the Danish Clean Technology Development
Programme, described in Georg, Røpke and Jørgensen (1992). Under
the programme, industries and private and semi-governmental research
institutions could apply for financial aid for developing and implementing
clean technology. The programme was oriented toward stimulating pre-
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ventive process solutions and cooperation among technology suppliers,
research institutes, consultancy firms and users. The Danish Environmen-
tal Protection Agency played an active role in selecting environmentally
beneficial projects and in finding the right partner with whom to cooper-
ate. That is, the agency acted as a ‘‘matchmaker’’ to elicit environmen-
tally innovative solutions, something that previous subsidy programmes
had failed to do.4 According to the authors, the Danish programme was
a success. In almost all cases, appropriate technical solutions were found
for the environment problems at hand. In more than half of the projects,
substantial environmental improvements were achieved at low costs.
Some projects led to net economic gains for the polluting firms.

Suggestions for a better innovation policy for the
environment

The above examples show that the experiences of innovation policy in
promoting innovation for the environment are mixed. Two key consider-
ations for innovation policy are (behavioural) additionality of support and
utilization of results. One way of making sure that the results will be uti-
lized is by funding projects that are close to the market or by reducing
the government share of support for projects that are economically less
viable and environmentally less beneficial. Many countries have followed
this road. But this disadvantages projects for which no market yet exists,
as is often the case for environmental innovations.
The additionality of support for projects most likely to be economical

may also be low. There is a conflict between achieving greater addition-
ality of support and commerciality of the results. The former suggests the
support of high-risk, high-reward projects that are unlikely to produce
immediate results, the latter just the opposite. This suggests the use of
programmes for both types of projects. Nowadays most developed coun-
tries have programmes for environmental technologies and sometimes
clean technology. Few countries have programmes for ‘‘factor 10 innova-
tions’’ (or even factor 20 solutions).5 The Netherlands is an exception, al-
though the programmes are very technology-oriented.6 Support for radi-
cal innovations, clean technology and environmental technologies is
probably best organized through separate programmes. It is hard to fac-
tor in environmental criteria in normal research programmes because it is
hard for evaluators to assess the environmental merits ex ante.7
There is also a need for a more integrated innovation policy for the en-

vironment in order to increase the usefulness of innovation research and
support policies. There are several ways to do this. First, innovation pol-
icy for the environment could be targeted to areas in which innovation is
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needed. Innovation support could also be informed by sustainability
agendas and by transition agendas in which the sustainability goals are
translated into specific policy goals.8 Countries without transition agendas
could set up task forces to this end.

Second, the experiences with the Dutch programme for sustainable
technologies (DTO) suggest that there is a need for support programmes
that go beyond the support of research. There really is a need for pro-
grammes for system innovation, such as integrated mobility or industrial
ecology, to explore visions of sustainability through research and the real
use of new technologies in society. Such support programmes should be
time-limited and flexible to prevent the creation of ‘‘white elephants’’.9
System innovation in the socio-technical realm involves changes in
socio-technical systems beyond a change in (technical) components. It is
associated with new linkages, new knowledge, different rules and roles,
new guiding principles and a new logic of appropriateness, and some-
times new organizations. System innovation usually consists of a combi-
nation of new and old components and may even consist of a novel com-
bination of old components, as in the case of industrial ecology – the
closing of material streams through the use of waste output from one
company by another.10

It is important to have programmes for system innovation because sys-
tem innovation may provide factor 10 improvements in environmental
impact compared to the factor 2 improvements associated with incremen-
tal changes or factor 5 improvements connected with partial system
design (Weterings et al. 1997). System innovation is not style about en-
vironmental innovation but about system changes offering environmen-
tal benefits alongside other types of benefits – economic and social –
although there may be trade-offs, especially in the early phases.

Third, more attention should be paid to the hazards and negative side
effects of new technologies for the environment and society at large. Part
of the budget for innovation support could be earmarked for environ-
mental assessment or, more generally, technology assessment. The share
does not have to be high; 1% could already suffice (Angerer 2002).11

Fourth, apart from the support for demonstration projects there should
be programmes for technology experimentation. Sustainability requires
experimentation. The primary goal of experiments should be to learn:
about the product but also about the sustainability effects. Technology
experimentation is an important element of programmes for system inno-
vation. Such programmes should be more than demonstration cases and
aim at increasing learning. Analysing eight experiments with sustainable
transport, Hoogma et al. (2002) found that more could have been learned
if the experiments had been set up with the objective of generating learn-
ing. Most of the learning was of a technical nature, the projects were
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largely self-contained, and hardly stimulated second-order learning. As a
result, the experiments contributed little in facilitating co-evolutionary
processes involving social change (Hoogma et al. 2002).12 With one ex-
ception, they were not undertaken from a long-term sustainability vision,
to be explored through a series of experiments.
Fifth, environmental policy should be more oriented to innovation.

Environmental authorities (regulators and permitters) should take stock
of innovation possibilities and provide incentives for the exploitation of
such possibilities. Innovation research findings about possibilities to deal
with environmental problems could be used for setting long-term emis-
sion limits – to create a market for new environmental solutions. Ashford
(1994) has argued for a technology options analysis for environmental
policy and technology-forcing standards. A challenging environmental
policy can certainly promote innovation. The disadvantage is that such
policies can be disruptive, compromise quality or result in additional eco-
nomic costs. For example, the use of catalytic converters in response to
regulation led to an increase in fuel consumption of as much as seven
miles per gallon in 1981 (White 1982), whereas the converters themselves
were ineffective at low temperatures, which meant that they were ineffec-
tive for short trips. The superiority of market-based instruments in pull-
ing innovation still needs to be demonstrated – which is one reason why
they should be used, apart from the efficiency gains associated with their
use.

The innovation effects of environmental policy

There is much talk about the inadequacies of environmental policies.
Past policies can be criticized for failing to realize environmental goals,
being overly expensive for the private sector and failing to encourage in-
novation and dynamic efficiency. Kemp (1997) cites several examples of
environmental policies that stimulated innovation, but the common tech-
nology response is that of focusing on end-of-pipe solutions and incre-
mental process changes with limited environmental gains. Several harm-
ful substances have been eliminated through product substitution but
there are few examples of radical product or process change in response
to environmental policy.
This raises the question: why did the policies fail to promote more

radical innovation and dynamic efficiency? One explanation – well-
recognized in economic literature – is the capture of government policies
by special interests. Concretely, this means that firms influence the design
and implementation of regulations to which they are subjected. A sec-
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ond, complementary, explanation is that regulations are often based on
available solutions which may stifle innovation. Successful attempts to
stimulate environmental innovation include programmes to phase out
PCBs, eliminate the use of lead in gasoline and the removal of CFC
through substitution by HCFCs and HFCs. There have also been innova-
tions in end-of-pipe technology and in products such as ecologically be-
nign detergents, paints and cars. However, on the whole, environmental
policy has been too unchallenging to generate systemic innovative
responses.

Also, new policy instruments such as innovation waivers and environ-
mental covenants have failed to bring about innovative solutions (Kemp
2000). Probably more could have been achieved through better-designed
instruments. Much will depend on the level of the economic incentive
and the barriers to innovation (especially market barriers to outsiders).
That incentive-based policies will bring forth innovative responses has
been questioned (Burtraw 2000; Christensen 2001; Kemp 1997). One
way to stimulate technological innovation is through R&D programmes
for environmental technologies or more environmentally benign energy
technologies. However, with R&D support there is always the danger
that the programmes promote second-rate technologies and provide
windfall gains to the recipients. For example, 64% of the projects funded
under the German BMBF research programme for environmental re-
search and environmental technology fall under this category. In the
Netherlands, investment subsidies for environmental investments granted
under the WIR (Wet Investeringsregeling) induced only 8% of the com-
panies to undertake investments they would not have done otherwise
(Kemp 1997: 25).

Another strategy is to specify strict environmental standards that re-
quire the development of new technologies. This should be done only in
situations where the environmental risks are large and acute and when
there is consensus about the most viable technological solution or trajec-
tory. Otherwise there is a danger that technology-forcing standards lock
industry into overly expensive and sub-optimal technical solutions. In
such circumstances there is a need for further research and experimenta-
tion to learn about the technological possibilities and their advantages
and disadvantages both in terms of economic and social benefits and
environmental gains. When using direct regulation, policymakers should
pay careful attention to the actual design of standards: their strictness,
differentiation, timing, administration, flexibility and enforcement. The
experience of the United States with innovation waivers and tradeable
permits (described in Hahn 1989) illustrates that the ways in which in-
struments are designed and implemented are important determinants
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of the technological response from the industry. The American experi-
ence confirms the need for a balance between certainty, stringency and
flexibility.
Technology compacts (covenants about innovation), described in

Banks and Heaton (1995), appear useful for promoting technological
innovation by setting an agenda of phased increments of technological
change. But there is the danger of strategic behaviour on the part of in-
dustry that may claim that it is impossible to develop technology that is
both environmentally superior and economically feasible.
To maximize the chances of success, policy instruments should be com-

bined to generate synergistic effects (Blazejczak et al. 1999; Feitelson et
al. 2001; Norberg-Böhm 1999; OECD 2000; Kemp 1997). A combination
of standards with economic instruments is particularly useful as it com-
bines effectiveness with efficiency. Automobile fuel economy standards
in the United States set progressive fuel economy targets for automobile
manufacturers in the 1979–1985 period, generating environmental effec-
tiveness and economic efficiency (Greene 1990). Tradeable pollution per-
mits also combine effectiveness with efficiency and should therefore be
used more. Currently, a nationwide market exists for sulphur dioxide
(SO2) in the United States where utilities can trade SO2 rights at the Chi-
cago Board of Trade. According to one evaluation, the tradeable permits
for sulphur dioxide emissions reduced the costs of the 1990 acid rain pro-
gramme by 55% (Ellerman et al. 2000, cited in Cramton 2000) but few
patentable innovations emerged from it (Burtraw 2000).
There is a need for government authorities to explicitly focus on tech-

nical change (rather than implicitly through a change in the economic
frame conditions) and to be concerned with institutional arrangements
beyond the choice of policy instruments. Government has to act as a
change agent for innovation. This requires different roles for policy-
makers: that of a sponsor, planner, regulator, matchmaker, alignment
actor and a ‘‘creative game regulator’’.
There is also a need for policy to be oriented toward system innovation

involving structural change as well as the development and diffusion of
environmental technologies. This should be done in a forward-looking,
reflexive manner. Conventional planning and implementation approaches
are inadequate because of inherent rigidities, in particular the inability
to respond to changed conditions or unanticipated problems. In gen-
eral, planners should be focused on dynamics in technology and markets,
bottom-up initiatives on new technology and systems for achieving long-
term change that go beyond exercises aimed at a pale greening of existing
systems. Policies should be used to stimulate changes, both incremental
and radical, aimed at managing transitions to a sustainable steady state.
For this, the model of transition management can be used.
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Transition management

Transition management is an attempt to alter socio-technical trajectories.
The focus is on trajectories of production and use of functional goods and
services (energy, mobility, food, health care), but it can also be applied
more widely to public decision-making and economy-wide changes.
Sustainability benefits may for instance be achieved through a resource-
efficient economy. Transition management is a form of process manage-
ment against a group of goals set by society. It is developed as a model
for working toward sustainability benefits through system changes. Soci-
ety’s problem-solving capabilities are mobilized and translated into a
transition programme, which is legitimized through the political process.

It is not an attempt to steer society toward a predetermined outcome.
Transition management joins with ongoing dynamics and builds on
bottom-up initiatives around problems and solutions. Developments are
modulated into directions that are viewed more desirable, with the desir-
ability being defined and assessed as part of an ongoing process. Alterna-
tive developments are explored besides possibilities to improve the sys-
tem. Transition management is based on a two-pronged strategy. It is
oriented toward both system improvement (improvement of an existing
trajectory) and system innovation (representing a new trajectory of de-
velopment or transformation).

Important aspects of transition management are long-term goals for
functional systems and the visions for meeting these goals. The long-
term goals for functional systems are chosen by society, but the systems
to satisfy these goals are not collectively chosen. For the systems to be
developed or to occur, one relies on the outcomes of processes of varia-
tion and selection. In terms of coordination, one relies on markets and
collective decision-making in terms of goals and programmes for system
innovation.

Policy is adaptive and opts for small steps. Transition management is
oriented toward achieving structural change in a stepwise manner. It dif-
fers from existing policy in the following sense:
� Long-term thinking (at least 25 years) as a framework for short-term
policy;

� Visioning followed by actions and strategies for learning about the
visions;

� Thinking in terms of more than one domain (multi-domain) and differ-
ent scale levels (multi-level); how developments in one domain (level)
gel with developments in other domains (levels); trying to change the
strategic orientation of regime actors;

� A focus on learning and the use of a special learning philosophy of
‘‘learning-by-doing’’;
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� Progammes for system innovation; and
� Learning about a variety of options (which requires a wide playing
field). A simplified view of the difference between existing policy and
transition management is given in figure 10.2.
Transition management does not constitute a total break. Many of the

required elements for transition management already exist in some form.
For instance, foresight activities are part of the policy-making process.
What is new is that such activities are followed by coherent action by
policymakers to learn about alternative futures on the basis of experi-
ments and programmes for system innovation.

Transition management cycle

Transition management is a cyclical and iterative process. There are
various cycles. One such cycle consists of four main activities: the estab-
lishment and further development of a transition arena for a specific
transition theme; the development of long-term visions for sustainable
development and of a common transition agenda; the initiation and exe-
cution of transition experiments; and the monitoring and evaluation of
the transition process. These four activities are cyclically represented in
figure 10.3.
A transition cycle takes about two to five years, depending on the prac-

tical context within which one has to operate. This transition manage-
ment cycle will be described below in somewhat more detail.

Figure 10.2 Current policy versus transition management
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Establishment, organization and development of a
transition arena

A novel and important aspect of transition management is the establish-
ment and organization of a transition arena in which innovators and vi-
sionaries meet. The transition arena is a place for imaginative thinking.
It would operate besides (partly independent from) the normal policy-
making networks dominated by incumbent actors having an interest in
the status quo. The selection of participants for this transition arena is of
vital importance. They should be open-minded visionaries and able to
look beyond their own domain or working area. In addition, the partici-
pants must have the ability to convey the developed vision(s) and set
it out within their own organization. The participants need to be willing
to invest a substantial amount of time, energy and resources to play an
active role in the transition arena process.

The government’s task is to set up transition arenas and facilitate inter-
actions within them both in terms of process and substance. A continuous
process of feeding the participants in the arena with background informa-

Figure 10.3 The cycle of transition management
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tion and detailed knowledge on a particular topic is necessary to catalyse
and maintain a process of coproduction of knowledge among the partici-
pants. This is of vital importance, because arena experience shows that in
most cases arena participants have insufficient resources to become fully
immersed in the process. The arena is a novel institution for out-of-the-
box thinking, with the results feeding into innovation decisions of orga-
nizations willing to innovate. The goal is not to strive for consensus but
to discuss problem perceptions, long-term goals and transition paths.

Development of transition goals and visions

Transition management is based on transition goals about what is soci-
etally desirable and visions of how best to attain desirable goals. Func-
tional systems provide useful entry points for beginning the process of
transition management. Examples of possible entry points include energy
as a reliable, cheap and clean commodity. The goal-setting process would
be combined with the formulation of quality images, or visions of how
the goals could be met. Quality images may be sector-specific or go be-
yond sectors. Decentralized energy production from renewable sources,
clean coal and safe nuclear power are examples of the quality images for
energy. An example of an economy-wide quality goal is eco-efficiency:
less material use per unit of output resulting in less environmental im-
pact. The quality image should be formulated in a stakeholder process.
In outlining transitional pathways, transition visions must be appealing
and imaginative so as to be supported by a broad range of actors. Inspir-
ing final visions are useful for mobilizing social actors, although they
should also be realistic about innovation levels and capabilities within
the functional subsystem in question.
The goals and visions should be adapted in the course of time, reflect-

ing new priorities, but may stay constant for a long time. New priorities
may lead to different sustainability goals and visions and pathways to
attain them. This is visualized in figure 10.4 in the form of a basket of
quality images (goals), each of which is arrived at through a different
path. In transition management each quality image is investigated while
caution is taken not to allow one quality image to dominate the transition
process. This approach maximizes system variation and leads to the se-
lection of the most appropriate vision to attain goals based on the basket
of quality images.
This evolutionary goal-seeking process represents a radical break from

the current practices in environmental policymaking where quantitative
standards are set on the basis of studies of social risk, and adjusted for
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political expediency. Risk-based target setting is doomed to fail when
many issues are at stake and when the associated risks cannot easily be
expressed as fixed, purely quantitative objectives. This holds true for cli-
mate change but also for sustainable transport.

Transition management thus differs from so-called ‘‘blueprint’’ think-
ing, which operates from a fixed notion of final goals and a dominant
vision. Figure 10.4 shows the similarities and differences between current
policymaking and transition management. In each case, interim objec-
tives are used. However, in transition management these are derived
from the long-term goals (through what is called ‘‘backcasting’’) and con-
tain qualitative as well as semi-quantitative measures. Apart from content
goals or objectives, transition management uses process objectives (speed
and quality of the transition process) and learning objectives (what has
been learned from the experiments carried out, what is blocking progress,
identification of things we want to know). In transition management,
learning is thus a policy objective in its own right.

Transition agenda

A transition agenda can be designed based on a shared problem and
sustainability vision(s). A transition agenda contains common problem
perceptions, goals, action points, projects and instruments. Of crucial im-
portance is clarity on roles and responsibilities of the actors, including
government and industry, where a significant portion of innovation activ-

Figure 10.4 Transition as a goal-seeking process with multiple transition images
and goals
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ity takes place. The monitoring of this joint action programme is impor-
tant to guarantee that the transition agenda is complied with. The transi-
tion agenda would be oriented to different trajectories reflecting actors’
interests, competencies and beliefs about what is best or feasible.
An adequate transition agenda forms a binding element in the transi-

tion process. It coordinates action between mutually dependent actors.
Coordination is thus achieved not only through markets but also through
collective choice and new institutions. The transition agenda requires a
balance between structure and flexibility. Structure is needed to position
the scales and levels at which the issue in question is present, and to
frame the issue in terms of themes and sub-themes. The coherence be-
tween the various sub-themes and scales/levels is a separate, important
point on the transition agenda. Structuring the transition agenda is time-
consuming but pays off in terms of increased quality in the transition
management process (Dirven, Rotmans and Verkaik 2002). Flexibility
is needed because by definition the transition agenda is dynamic and
changes over time. The transition agenda helps to translate long-term
thinking into short-term action. Agenda setting is an iterative and cyclical
process that is a learning process in itself.

Use of transition experiments and programmes for system
innovation

Programmes for system innovation are a key element of transition man-
agement. Here one should think of a programme for intermodal trans-
port or decentralized electricity systems. The programmes should be
time-limited and should be adapted in light of experience. Important ele-
ments of these programmes are transition experiments, strategic experi-
ments based on system innovation and transition visions. The crucial
point is to measure to what extent these experiments and projects con-
tribute to the overall sustainability system goals, and to measure in what
way a particular experiment reinforces another experiment. The aim is
to create a portfolio of transition-experiments that reinforce each other
and whose contribution to the sustainability objectives is significant and
measurable.
Preferably these experiments need to link up with currently ongoing

innovation projects and experiments in such a way that the existing en-
ergy put into these innovation experiments can be used as much as possi-
ble. Often, many experiments already exist, but these are not set up and
executed in a systematic manner, as a result of which the required cohe-
sion is lacking. Because transition experiments are often costly and time
consuming, the current infrastructure for innovation experiments should
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be used as much as possible. This puts some constraints on the feasibility
and running time of these experiments. The execution runs through the
existing networks of the arena participants to ensure the direct involve-
ment of these forerunners.

As noted before, the experiments are best undertaken as part of a
portfolio approach. Because transition processes are beset with structural
uncertainties, it is important to keep a number of options open and to
explore the nature of these uncertainties through the transition experi-
ments. Through experiments, useful lessons may be learned about tech-
nology, risks, user acceptance, distribution of costs and benefits and so
on which will inform the next steps and lead to adjustments of the transi-
tion visions, images and goals. In this search and learning process scenar-
ios play an important role, in particular explorative scenarios which at-
tempt to explore future possibilities without too many decision-making
constraints. Explorative scenarios allow for an exploration of which op-
tions and experiments are most promising and feasible, and which ones
drop out. This leads to a necessary variation and selection of options, tak-
ing account of possible sustainable futures.

Monitoring and evaluation of the transition process

Transition management involves monitoring and evaluation as a regular
and continuous activity. Two different processes should be monitored: the
transition process itself and the cycle of transition management. The
monitoring of the transition process itself consists of the monitoring of
macro-developments in terms of the slow changes in stocks, of niche de-
velopments in terms of short-term fluctuations of streams, and of regime
developments.

The monitoring of the transition management cycle consists of the
monitoring of actors within (also ‘‘outside’’ the arena; just as important)
the transition arena: their behaviour, networking activities, alliance form-
ing and responsibilities with regard to activities, projects and instruments;
the monitoring of the transition agenda: the actions, goals, projects and
instruments agreed on; and the monitoring of the actions themselves:
the barriers, prospects, points to be improved, etc.

The overall learning philosophy is that of ‘‘learning-by-doing’’. Moni-
toring learning processes, however, is easier said than done. The phe-
nomenon of ‘‘learning’’ is for many still an abstract notion that cannot
be easily translated into components for monitoring. It is therefore im-
portant to formulate explicit learning goals for transition experiments
that can be monitored. It should also be recognized that the evaluation
of the learning processes is in itself a learning process, and may lead to
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an adjustment of the developed transition vision(s), transition-agenda
and the transition management process within the transition-arena. Fail-
ure to meet interim objectives is analysed to determine whether un-
expected social developments or external factors not taken into account
played a role, or whether the actors involved did not comply with the
agreements. After the first cycle has ended, a new transition management
cycle starts, which takes another few years. In the second round of this
innovation network the proliferation of the required knowledge and in-
sights is central, which requires a specific strategy for initiating a broad
learning process.

Creating and maintaining public support

Because these transition management cycles take several years within a
long-term context of 25 to 50 years, the creation and maintenance of pub-
lic support is a continuous concern. When quick results do not material-
ize and setbacks are encountered, it is important to keep the transition
process going and avoid a backlash. One way to achieve this is through
participatory decision-making and the societal choice of goals. But soci-
etal support can also be created in a bottom-up manner, by engaging in
experiences with technologies in areas in which there is local support.
The experience may take away fears elsewhere and give proponents a
weapon. With time, solutions may be found for the problems that limit
wider application. Education too can allay fears, but real experience
is probably a more effective strategy. Through the prudent learning
on the use of new technologies in niches, societal opposition may be
circumvented.

Case study: Transition management for sustainable mobility

This section applies the model of transition management to a sector for
which the current development pattern is not sustainable: the individual
use of gasoline and diesel cars. Problems related to car use consist of pol-
lution, congestion, traffic accidents and noise. In the Netherlands, costs
related to traffic accidents are estimated at 11.5 billion guilders (@5.2 bil-
lion). Pollution and traffic deaths have decreased but are still at levels
viewed as too high. The societal costs of congestion increased by 70%
during 1990–2000 and are estimated at 1.7 billion guilders (0.3% of
GDP) (Ministry of Transport, Public Works and Water Management
1999). It proved extremely difficult to deal with these problems. Attempts
to dissuade people from using cars failed. Automobility increased by
25% from 1986 to 1995 and is still growing. In the Netherlands, the gov-
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ernment’s attempt to introduce road pricing to use the infrastructure
more efficiently failed because of social opposition. Recently an environ-
mental advisory council (Vromraad) said that automobility should be ac-
cepted as a given. These problems are not unique – every country with
high levels of car use suffers from the same problems, which may lead to
the conclusions that there is no alternative. But things are not as hopeless
as they may appear. It is certainly true that there are no immediate solu-
tions and that we have to opt for a process of long-term change involving
a multitude of innovations, technical ones and institutional ones, result-
ing in systems that offer attractive services for the users while limiting
the social costs.

A real complication in this example is that there is no clear vision of
sustainability. Every option has disadvantages. Instead of thinking of a
single solution, one should think about a range of solutions that jointly
create an attractive new transport concept, such as chain mobility. One
needs to learn about alternative mobility, gain experience with it, and
through this create a path that alters people’s expectations and views,
who may then commit themselves to support a new mode of transport.
The articulation and assessment of visions of sustainability and transport
should be done as part of a participatory integrated assessment process to
evaluate the following (as well as other) options:
� Customized mobility: individualized public transport, the selective
use of cars which are combined with other forms of transport (chain
mobility);

� Mobility management: the management of traffic streams through road
pricing, platooning (automatic vehicle management) information ser-
vices, automatic zone access management using transponders to control
access to city centres, parking policy, perhaps the use of tradeable kilo-
metre credits where people get mobility rights that they can use or
sell;

� Cleaner cars: low-emission internal combustion cars, electric vehicles
(hybrid vehicles or full electric vehicles powered by batteries or fuel
cells), urban cars, long-distance energy-efficient cars with gas turbines;

� Underground transport: this may take various forms including the radi-
cal option of vacuum pipes for transporting capsules;

� Teleworking: working from home or a local telecentre, using modern
computer communication and teleconferencing, reducing the need for
commuting but, as a rebound effect, possibly leading to increased travel
outside work;

� Spatial planning limiting the need for transport: compact cities, the
(re)location of office buildings close to (public) transport nodes; and

� Regulation that strongly favours and encourages customized mobility
and discourages car use in specific zones.
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The last four options have received much attention from public
decision-makers. For sustainability, the first two options should receive
more attention. I estimate the benefits from customized mobility roughly
at a factor 5, compared to benefits of factor 2 and factor 2 to 4 associated
with transport management and improved car-based forms of transport.
Customized mobility involves many ‘‘innovations’’: in vehicle technology
(such as urban cars and long-distance cars), changes in ownership, better
public transport, mobility centres where individual users can change
from one type of transport to another, and mobility agencies that super-
vise and manage fleets of cars, buses, and bicycles). In transition manage-
ment, choice is not made among the available options. Rather, all options
are explored simultaneously. This is particularly important as these op-
tions can reinforce and sustain one another: green vehicles can be used
by car-sharing organizations and both high-speed trains and personalized
forms of public transport promote chain mobility.
These ideas are not new and have appeared in numerous government

publications. One of the main barriers to success is that policy is not ori-
ented toward long-term visions but toward individual solutions.
How does a transition policy for sustainable mobility look? One impor-

tant element is the choice of transition goals consistent with sustainability
visions, such as customized mobility, mobility management and under-
ground transport. The visions should be assessed and compared with
each other. The public should be involved in such assessments because
sustainable development is what people want as consumers and citizens
for themselves and for later generations. The involvement of the public
helps to legitimize programmes of structural change and circumvents
destructive opposition (NIMBY [‘‘not in my back yard’’] problems). The
involvement of the public in the setting of transition goals and discussions
about future transport constitutes a big break with the past, when trans-
port engineers decided about transport policy.
Secondly, given the uncertainty about what solutions are most sustain-

able, there should be experimentation with promising technologies and
the creation of niches for promising technologies through strategic niche
management. A key question of course is what technologies one should
experiment with. According to the proponents of Strategic Niche Man-
agement (Hoogma et al. 2002; Kemp et al. 1998; Schot and Rip 1997),
pathway technologies – technologies that help to bridge the gap between
the current regime and a new (sustainable) one, and thus help to escape
lock-in – should be supported. This is already well accepted in Dutch
transport technology policy. The Perspectievennota Verkeer en Vervoer,
outlining the government long-term transport strategy (Ministry of
Transport, Public Works and Water Management 1999) in the Nether-
lands talks about ‘‘key technologies for system innovation’’13 and men-

276 RENÉ KEMP



tions electronic vehicle identification, automatic vehicle control, intero-
perability and a global positioning system as key technologies for system
innovation. To these we would like to add: electric propulsion and trans-
port information and booking and reservation systems. Both electric pro-
pulsion and transport telematics have great potential for achieving envi-
ronmental sustainability benefits, especially in the long term when they
are part of an integrated mobility system.

A short-term option is hybrid electric vehicles with batteries besides an
internal combustion engine. A long-term electric option is fuel-cell ve-
hicles. The fuel-cell vehicle is viewed as a magical environmental solution
because it does not emit any pollutants, but it is expensive and there is
also a safety issue with carrying substantial amounts of highly explosive
hydrogen.

The experiments should be more than demonstration projects. They
should be set up in such a way that both suppliers and users learn about
new possibilities. Basic assumptions and existing expectations should be
tested. Car manufacturers should be stimulated to rethink their assump-
tions about what a car should do while users should be stimulated to
rethink their mobility needs and how to satisfy these. Of course there is
always a chance that the supported technology turns out to be a no-go.
Failures should be accepted and new options identified.

A third element of a transition policy for sustainable mobility is
‘‘programmes for system innovation’’. Candidate programmes are pro-
grammes for both chain mobility and electric mobility. Specific pro-
grammes are often met with criticism from, especially, economists, who
say that the government cannot pick winners. The government pro-
grammes toward batteries for instance has been often criticized because
it did not lead to the widespread use of battery vehicles. It contributed
however to the use of hybrid vehicles, using batteries, and encouraged
companies to investigate lightweight construction and aerodynamic de-
signs. It did not lead to the development of a battery with a long range
and low costs. Practicing transition management in this case means that
attention should be refocused on hybrid vehicles and fuel-cell vehicles.
But this does not mean the battery programmes were not valuable.
The programmes should be based on promising options, they should be
time-limited and the need for stimulation should be continuously as-
sessed, and when the programme is not necessary or desirable it should
be eliminated.

In innovation studies, it is well-recognized that in the early period of
their development radical innovations need a lot of support: they hold
promise but are still ill-developed in terms of user requirements. The
user requirements and best configuration for meeting them may not yet
be clear. This calls for the need to stimulate promise-requirement cycles
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and the attendant resource mobilization activities (Rip and Schot 1999),
so as to build a forceful agenda (for development work in the technolog-
ical niches) on which general interests appear in addition to (short-term)
actors’ interests. One should not rely altogether on the solutions fav-
oured by established actors who are likely to be locked into old ways of
thinking and have an interest in the status quo. The most innovative elec-
tric vehicles were developed outside the automobile industry (Hoogma
et al. 2002).
A candidate programme is a programme for chain or customized mo-

bility.14 Chain mobility (or integrated mobility) makes positive contribu-
tions to all dimensions of sustainability. It reduces congestion and leads
to lower emissions and fewer accidents by discouraging over-reliance on
individual car use. At present there is a gap between individualized and
collective transport, but various innovations may help to bridge the gap.
These include:
� Individual forms of collective transport. These make public transport
more flexible and more directly tied to the transport needs of the con-
sumer. Examples are ‘‘dial-a-bus’’ and collective taxis (such as the
Dutch ‘‘trein-taxis’’), using information technology for route planning
and vehicle tracking;

� Collective use of private means of transport. These include car sharing,
bicycle sharing, ride-sharing (e.g., car-pooling), ‘‘stock-market’’ sys-
tems for sharing long-distance trips and voluntary schemes for trans-
porting disabled or elderly people. The attractiveness of such systems
increases with their size and the incorporation of other innovations
such as smart cards for accessing cars and bicycles; and

� Transit information systems and mobility information services. Services
to provide public information on how to combine different modes of
transport. The existence of such information services may help differ-
ent transport companies to better align their services and optimize the
overall transport system.
The above innovations will help car drivers to move away from the

single-vehicle-use paradigm and the individual use of cars. Integrated
mobility requires new or modified infrastructure (transfer places), system
reorganization (the creation of mobility agencies and cooperation be-
tween transport companies), technological change (in information and
ticketing systems) and setting standards for interoperability.15 Mobility
is an area in which the Netherlands can achieve a great deal on its own
because it is not dependent on foreign efforts to reduce their emissions
under an international treaty and there are no competitive disadvantages
involved because transport services are domestically provided by Dutch
companies. Even the truck sector stands to benefit from it because chain
mobility leads to a more efficient use of existing infrastructure.

278 RENÉ KEMP



Another vision of sustainability for transport that should be further ex-
plored is mobility management, the control of traffic streams. Road pric-
ing is still controversial but differential pricing is widely in use in other
areas, such as train fares and theatres, and accepted by the public. The
recent experiment in London, England with imposing a surcharge on mo-
torists travelling in the City’s central zone should be observed closely for
implications for other urban centres with traffic congestion problems.

The above actions should be pursued as part of transition agendas in
which there are short-term learning goals and long-term transition goals
and actions. The transition agenda for transport should not be dominated
by transport engineers, individual car users, the automobile industry or
public transport companies. There should be an orientation toward inno-
vation and innovative actors. The agenda should be set through a consul-
tative, discursive process and based on a commitment to change. This is
probably best organized through the set up of a transition arena (Dirven,
Rotmans and Verkaik 2002), a network of innovators willing to explore
something new that could contribute to a transition, and the set up of
a transition council with independent experts. The council should be
forward-looking and safeguard the transition goals and transition pro-
cess. It should be composed of policy actors (government, business,
NGOs) and independent experts to oversee transition processes. The in-
volvement of independent actors helps to prevent it from being domi-
nated by vested interests. It is important to create a distance between the
council and the government because the government is often a part of
the problem and is ill-equipped to deal with innovation issues.

The transition endeavour should be institutionalized through transition
agendas and the allocation of roles, tasks and responsibilities both for
transition management in general and for customized mobility and mobil-
ity management. Local transport policy should be coordinated with
national transport policy. National authorities should disseminate the
lessons from experiences at the local level and make sure that there are
many experiences. An important focus should be the introduction of
mobility agencies and the cooperation between transport actors, in par-
ticular public transport companies, who could be asked to offer mobility
services rather than a bus service or train service.

Transition management is not entirely concerned with consensus and
does not rule out the use of control policies, such as standards and eco-
nomic incentives. Both corrective- and push-policies are needed in man-
aging transitions. The policies can be chosen and legitimized as part of the
transition endeavour or independently from it. For example, the use of
carbon dioxide taxes and other types of economic incentives can be le-
gitimized by the economic principle of internalizing external costs.

Commitment to a transition may facilitate the introduction of such pol-
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icies. Perhaps this is the reason for the Dutch government to adopt tran-
sition management as the steering model to work toward sustainability.
Transition management can be used to achieve greater coherence in pol-
icy and in societal actions toward sustainability.

Conclusions

This chapter has looked at the experiences with innovation policy and
environmental policy in bringing forth innovations for the environment,
noting that current incentives for environmental innovations are weak.
Practical suggestions are offered both for innovation policy and for en-

vironmental policy to stimulate innovations for the environment. A case
has been made for programmes for system innovation offering sustain-
ability benefits, to complement existing programmes for environmental
technology.16 Programmes for system innovation offer environmental
benefits alongside other types of benefits. Such programmes should be
time-limited and flexible. Examples include programmes for novel pro-
tein foods as substitutes for meat, integrated mobility and industrial ecol-
ogy.17 Other possibilities include:
� Targeting innovation policy to areas in which innovation for the envi-
ronment is needed;

� Conducting environmental assessment and broader system assessment;
� Supporting technology experiments for sustainability; and
� Embedding innovation policy in environmental policy.

This chapter has also described a policy model for managing the
change process: transition management. The model has been developed
by the author, Jan Rotmans and others and is being used in Dutch
policymaking.18 Transition management consists of a deliberate attempt
to change socio-technical trajectories. It is aimed at utilizing and re-
orienting existing dynamics to attain transition goals as envisioned by so-
ciety. The goals and policies to further the goals are constantly assessed
and periodically adjusted in development rounds. Through its focus on
the long term and its attention to system dynamics it aims to overcome
the conflict between long-term necessities and short-term concerns.
The value of transition management is that it orients myopic actors to

the future and to societal goals, creates societal support for a transition
(resulting in a politically legitimized transition programme) and commits
societal actors to change. Transition management provides a basis for co-
ordination of public and private action. It does not fix a path but explores
various options. It tries to modulate dynamics by exploring bottom-up
initiatives in a strategic way. It adds a top-down element to bottom-up
initiatives and is oriented toward learning and institutional change.
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Transition management relies on social learning and on policy learn-
ing. The commitment to social learning is not a substitute for politics.
Transition management starts from the premise that political disagree-
ments over sustainability issues will remain for the foreseeable future.
Rather than making a political argument for a specific solution, transition
management promotes experimentation with available options to move
in a societally determined direction to address a shared problem or set
of problems. Managing transitions is certainly not something for govern-
ment alone, society as a whole should be involved in the process in some
way: as citizens choosing long-term goals, as consumers changing their
habits, and as members of various social strata unified through a commit-
ment to sustainability.

Reflexivity and learning are key elements since transition management
is concerned with social trajectories in an open-ended manner – it is de-
liberative and adaptive, attaching great importance to learning and inno-
vation. Blueprints are replaced with broad goals to be attained through
linking ongoing dynamics and bottom-up initiatives. Transition manage-
ment calls for taking advantage of ongoing developments to explore
multiple visions and seek better choices. The model is being used for sus-
tainable energy policies in the Netherlands but could also be used for
managing the transition to sustainable mobility. Ways to do this are out-
lined in the chapter. It is believed that the model can also be used in
other countries where a change in mobility patterns is needed.

Notes

1. The paper is based on ‘‘An Integrated Policy for Innovation for the Environment’’, pre-
sented at the six countries programme conference ‘‘Innovation Policy and Sustainable
development: How can innovation policy incentives make a difference?’’, Brussels, 28
February and 1 March 2002. It is also based on joint work with Jan Rotmans and others
for the Fourth Dutch National Environmental Policy plan (NMP-4). The paper bene-
fited from discussions at the BLUEPRINT workshop environmental innovation systems
on 23–24 January 2002, in Brussels. BLUEPRINT is a STRATA project funded by the
European Commission analysing the possibilities for an integrated policy for environ-
mental innovation. See http://www.blueprint-network.net.

2. It would be interesting to investigate the relative contribution of environmental technol-
ogies (technologies that are environmentally motivated) and normal technologies to en-
vironmental improvement for specific types of pollution. Energy saving in manufactur-
ing has almost certainly more to do with energy prices than with energy covenants.
Energy savings in consumer devices and housing owes probably more to energy effi-
ciency regulations and subsidies coupled to energy labels. Greene (1990) tested the rel-
ative influence of energy prices and the CAFE fuel-economy standards on automobile
fuel efficiency and found that the regulations were twice as important as energy prices.

3. The weak incentive for developing technologies with greater environmental efficiencies
has to do with the fact that most regulations are based on existing technologies. Such
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regulations provide no incentive to go beyond existing control efficiencies, they only
provide an incentive to develop solutions that are less expensive than those in use.

4. The project was more than a subsidy programme. The programme brought together
firms with an environmental problem and firms and research institutes that could pro-
vides solutions to these problems.

5. Factor 10 refers to a tenfold decrease in overall environmental impact. Factor X is more
a concept which expresses an ambition than a quantitative measure because in reality it
practically impossible to aggregate all environmental impacts into one measure.

6. A programme for sustainable technology that is less technology oriented is NIDO
(Nationaal Initiatief Duurzame Ontwikkeling). NIDO is a programme that supports
‘‘jump projects’’, initiatives that offer sustainability benefits. It is less technology focused
than DTO and EET and more oriented toward practical implementation. The NIDO
budget for 2001 was @3.9 million. The private contribution to these projects was @1.6
million. Apart from supporting the programmes financially, NIDO helps participating
parties with obtaining additional funds and the dissemination of knowledge. The small
size of the projects and short period of support (two years) meant that for some projects
(such as the shift to low-emission energy system or a different type of transport system),
the support from NIDO was too little to have much of an impact.

7. This was noted by Ken Guy at the 6CP Conference, ‘‘Innovation Policy and Sustainable
Development’’, held in Brussels on 28 February–1 March 2002.

8. Transition agendas are an element of transition management for sustainability, a con-
cept explained later in this paper.

9. A related distinction is that between sustaining innovations and disrupting innovations
(Christensen 1997).

10. Three other examples, described in Ashford et al. (2001) are: biomass-based chemistry,
multiple sustainable land use (the integration of the agricultural function with other
functions in rural areas) and flexible, modular manufactured construction.

11. This suggestion is made by Angerer in his paper for the BLUEPRINT workshop on
environmental innovation systems. The paper can be downloaded from http://www.
blueprint-network.net.

12. Co-evolution refers to processes that exercise mutual influence on each other by being
part of each other’s selection environment. The influence may be positive (mutualistic
relationship) or negative (when two options compete or when one development’s
growth limits the growth of another).

13. Sleuteltechnologieën voor systeemvernieuwing.
14. The two things are strongly related. Chain mobility is an example of customized mobil-

ity that in the short term will consist of a different use of cars (which remain the domi-
nant type of transport for a considerable time), not the use of integrated transport
services. As chain mobility requires greater institutional change and changes in infra-
structure than customized mobility, we suggest a programme for chain mobility rather
than for customized mobility but the first could be pursued under the name of the latter.

15. As an aside, it is strange that in the Netherlands, the Perspectievennota Verkeer en
Vervoer and the new national plan for traffic and transport (NVVP) do not make this
a central topic for the whole of transport but merely mention it when talking about pub-
lic transport.

16. Butter (2002) makes a similar plea for policies for system innovation, to be undertaken
alongside policies for singular sustainable innovations and policies for enhancing the in-
novation climate.

17. The ultimate goal of industrial ecology is to close the loops in the system of production
and eliminate waste.

18. See http://www.vrom.nl/pagina.html?id=10949 for details.
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11

Conclusion

Brent Herbert-Copley and Saeed Parto

The chapters in this book have approached the interplay between envi-
ronmental regulation and innovation at the firm and policymaking levels
from different perspectives, in different contexts and at different scales of
analysis. Yap et al.’s study of environmental policymaking in Taiwan
finds that public policy has played a key role in facilitating the move by
many firms to cleaner production. The government used the ‘‘win-win’’
arguments a la Porter (1996) and adopted a carrot-and-stick approach,
or what Yap et al. call ‘‘balancing the yin and yang forces’’, to motivate
and steer firms toward meeting higher environmental protection stan-
dards. Over the course of its industrialization, Taiwan has managed to
create the ‘‘right’’ types of formal institutions through which to effect
change in firm behaviour. Furthermore, the government has demon-
strated a capacity to be adaptive and take corrective structural measures
to minimize environmental impacts of industrial activity. One such mea-
sure is the provision of technically trained civil servants who in turn train
personnel from industrial firms in pollution-prevention techniques. A di-
rect result of these efforts has been a relatively high degree of trust be-
tween the regulators and the regulated.

Yap et al.’s study of the evolution of environmental policymaking in
Taiwan also underlines some important remaining challenges. For exam-
ple, policymakers need to remain attuned to the fact that once the ‘‘low-
hanging fruits’’ have been picked in moving toward cleaner production,
firms will require additional incentives to incur costs aimed at further re-
ducing their environmental impacts. Thus, innovation in environmental
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policymaking must be viewed as intimately linked with, and a key driver
of, environmental innovation at the firm level. Much of the impetus
for environmental innovation at the firm level will need to be provided
through interactive policymaking and thoughtful structural adjustment
aimed at closing the loop, in an industrial ecology sense (Graedel and Al-
lenby 1995), in industrial production. While fully closing all the loops in
any system of production remains but an ideal state to strive for, the sys-
temic perspective offered by industrial ecology provides important clues
as to where to look for the next batch of low-hanging fruits.
Based on a different level of analysis, Barton et al.’s sectoral study of

the iron and steel industry in a multi-country setting finds that the adop-
tion of new, less polluting process technologies has been due to seeking
economic efficiency rather than being caused by environmental regula-
tion. This sector is also characterized by its focus on reducing pollution
through end-of-pipe solutions to minimize landfilling costs. In contrast to
Yap et al.’s conclusions, Barton et al.’s findings raise an interesting ques-
tion about the effectiveness of other policy tools besides regulations in
promoting cleaner production. If economic disincentives such as higher
dumping fees at landfill sites are consciously introduced through policy
to discourage waste generation, one likely response by the industry is to
innovate for waste minimization. Such innovation could occur at the end
of the pipe, in the throughput processes, or in the input mix. Regardless
of where the innovation occurs, there appears to be a relationship be-
tween rises in external costs of production (for example, higher landfill-
ing fees, more expensive energy and water), the quest for economic effi-
ciency and reduced pollution. Many external costs of production can be
regulated through policy, providing policy makers with a range of incen-
tives and disincentives to steer industrial activity toward cleaner produc-
tion. But, as the authors demonstrate, the process does not end here.
Another important finding by Barton et al. is the export of pollution by

pollution-intensive industries. The three sectors appear to have moved
their most polluting segments from industrialized European countries to
the less industrialized or transition countries where environmental policy,
environmental regulations and regulatory enforcement are often less
geared toward effective management of industrial pollution. Exporting
pollution is a negative innovative response to internalizing environmental
costs while raising consumer awareness so as to charge a higher premium
for products with lower environmental impacts is a positive strategic
innovation. In a sense, environmental regulation in industrialized Euro-
pean countries has resulted in market differentiation through emphasis
on quality, a strategy pursued by the leather-tanning and the iron and
steel industries to minimize competition from lower cost, foreign sources.
Responses to environmental regulation vary depending on the sector.
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Barton et al. report that the powerful iron and steel interests in Europe
have thus far managed to dissuade the European governments from im-
posing carbon or energy taxes so as to avoid higher production costs. In
contrast, the tanning industry is fragmented and has only managed to ex-
ert influence at a national level in Italy where the sector is most orga-
nized. On a more positive note, Barton et al. report that there is also
some encouraging evidence of environmental protection outside indus-
trialized European countries. Some steel makers in Brazil and South
Korea have been introducing equipment that incorporates the latest envi-
ronmental technologies, making operations cleaner than their northern
counterparts. This has been possible in part because it is more economi-
cal to incorporate environmental protection technologies in steel mills
when they are being built than retrofitting the existing, often very old
steel mills usually found in the industrialized north.

Based on their analysis, Barton et al. question the wisdom of the
Porter (1991, 1996) ‘‘win-win’’ argument. Instead, what they find is that
environmental regulation can cause significant shifts in sectoral distribu-
tion which has uncertain outcomes for competitiveness and environmen-
tal protection. Whether or not this shift leads to increased environmental
protection very much depends on the industry, the country of operation
and the power relationship between industry and government. Most im-
portantly, these findings underline the importance of the scale, i.e., firm,
sector or country, of analysis for win-win arguments.

Chudnovsky and Lopez find that both endogenous and exogenous fac-
tors contributed to improved environmental performance by the Argenti-
nean firms. A process of fundamental restructuring in the late 1980s and
early 1990s to liberalize the economy forced local firms to modernize in
order to compete with the inflow of goods and services into Argentina.
One outcome of this process was improvement in environmental man-
agement, an indicator for which is the increase in the number of firms
certified to ISO 14001 from 9 in 1997 to around 350 in 2004. Another
indicator is the increase in environmental expenditures that rose from ap-
proximately US$160 million in 1994 to US$480 million in 2000. Chudnov-
sky and Lopez suggest that in addition to domestic environmental regula-
tion, Argentinean industry had to respond to exogenous pressures of the
more tightly regulated markets in developed countries in order to com-
pete. The formalization of environmental management through such
measures as adopting ISO 14001 not only served as a marketing tool but
also facilitated easier access to funds from foreign financial institutions.

The economic situation in Argentina has changed quite dramatically
since the financial crisis in 2001. The projected trends based on pre-crisis
data on environmental performance improvement and increased envi-
ronmental innovation need to be adjusted for the new reconfigured eco-
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nomic environment. Nevertheless, the analysis by Chudnovsky and
Lopez illustrates that innovation in pollution prevention is more diffused
among large firms, particularly those with higher export sales and/or a
higher foreign ownership component. This study shows that endogenous
environmental innovation has been a by-product of cost-saving exercises.
Environmental innovation has also been generally ‘‘simpler’’ among Ar-
gentinean firms compared to the more sophisticated pollution-prevention
innovation evident in industrially more developed countries. This sim-
plicity in innovation decreases with an increase in the firm size, however.
As well, a direct relationship is established between more modern orga-
nizational management systems, a characteristic of larger and more es-
tablished firms, and environmental innovation. The firms with established
production control and quality management systems appear to have been
the most innovative in developing and adopting pollution prevention
technologies.
Chudnovsky and Lopez underline the importance of structural change

in economy-wide environmental management. Undertaking structural
change is at best difficult, and an incremental process even when backed
by national policy and appropriately designed regulations and incentives.
However, economies that are in a process of recovering from a period of
turbulence have a significant advantage compared to other countries: the
new economic structures can be designed and developed to incorporate
many of the available pollution-prevention technologies with relative
ease, paving the path to an ecologically modernized economy and mov-
ing closer to close the loop in the industrial production system consistent
with the ideal of industrial ecology.
Herbert-Copley examined the response by the Canadian pulp and pa-

per industry to new stringent environmental regulations introduced in the
1990s. The two-pronged approach employed by Herbert-Copley under-
lines the importance of adopting a systemic perspective on innovation
to capture secondary process innovation in contrast to approaches that
focus only on ‘‘new’’ product or process technologies developed largely
endogenously by the firm. A key contribution of this perspective is the
illumination on the role of institutional factors such as overlapping juris-
dictional arrangements between the federal and provincial governments
which collectively may have acted as deterrents to endogenous environ-
mental innovation by firms.
The evidence provided in this analysis illustrates that there has been at

least a partial transition (see Kemp and Parto et al., this volume) in the
Canadian pulp and paper industry, despite the constraints of overlapping
and often confusing jurisdictional arrangements on regulating the indus-
try. Key events include the widespread media attention in 1987 and 1988
in response to the discovery of significant concentrations of dioxins in ef-
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fluents from some paper mills in Ontario, and structural factors includ-
ing the outmoded state of the sector have also contributed to this partial
transition. One interesting characteristic of the partial transition is the
difference in mix of adoption of the two main technologies in the pulp
whitening process by the European and North American pulp and paper
firms. During the 1990s the European pulp and paper industry largely
opted for the totally chlorine-free (TCF) technology while the North
American counterparts widely adopted elemental chlorine-free (ECF).
The Europeans’ environmentally superior technological transition may
be attributed to the institutional dynamics that underpin the pulp and pa-
per sector in Europe. An important characteristic of these dynamics is the
central role played by associative institutions, e.g., environment and non-
governmental organizations and industrial associations, in influencing the
perception of key actors about the desirability of certain technologies. In
Europe there was a stronger consumer influence forcing the adoption of
the ‘‘cleaner’’ technology, i.e., TCF, whereas in Canada consumer influ-
ence was weaker and the influence of the sector’s vested interests were
stronger in shaping policy on eliminating dioxins and furans in effluent
discharges from pulp and paper mills. These dynamics resulted in a
higher proportion of ECF among the Canadian firms as the chosen tech-
nology than their European counterparts that mainly opted for TCF.

In his investigation of the dynamics, Herbert-Copley points out that
there are relatively lower numbers of patents and employees in the Cana-
dian sector compared to their counterparts in the United States and
Scandinavia. He identifies low levels of intramural R&D spending and a
weak domestic equipment manufacturing sector as potential constraints
in the Canadian pulp and paper sector innovation system. Despite the ex-
istence of leading Canadian consulting companies specializing in design
and engineering of pulp and paper mills, the tendency of the Canadian
pulp and paper sector has been toward a continued application of im-
ported abatement and control technologies coupled with incremental im-
provements in the efficiency of existing operations. The analysis of the
secondary and primary data in this chapter suggests that regardless of nu-
merous constraints, environmental regulations in Canada have spurred a
significant wave of investment by the pulp and paper sector, albeit with a
bias toward end-of-pipe technologies. A significant number of firms have
also implemented in-plant changes to improve efficiency and, perhaps un-
intentionally, environmental management.

The picture that emerges from this analysis suggests that environmen-
tal regulations have not resulted in the development of innovative new
solutions by Canadian pulp and paper mills or domestic equipment sup-
pliers but have spurred the diffusion of proven technologies. While this
diffusion is a necessary condition for a full transition comparable to one
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that has already occurred in the European pulp and paper sector, radical
innovation is unlikely to occur in response to ‘‘better’’ policy measures
because of the weakness of the pulp equipment manufacturing base.
One possible solution suggested by Herbert-Copley is to shift the focus
in policymaking from environmental regulations as a catalyst to environ-
mental innovation, to innovation policy that facilitates adaptive R&D in-
vestments by the industry.
Gallagher’s study of the Mexican economy underlines the role of struc-

tural change in determining the overall environmental impact of indus-
trial activity. Since 1985, numerous industries from different countries
have moved operations to Mexico to take advantage of abundant labour
at low cost. Industrial assembly plants are best suited for the Mexican la-
bour market because these plants rely heavily on a steady supply of un-
skilled labour at low cost. The adverse environmental impact of labour-
intensive industrial assembly is significantly lower than capital-intensive
operations such as steel or cement making. In addition, labour-intensive
operations are cheaper to relocate than capital-intensive operations.
Gallagher points out that the restructuring of the Mexican economy

and the increase in industrial output has not been matched proportion-
ately with higher environmental impact, although environmental pollu-
tion has increased drastically since 1985. This mismatch is due to the
contraction of capital-intensive sectors since 1985 while labour-intensive
operations have expanded. Gallagher identifies a number of explanations
for increased environmental deterioration. First, in contrast to Taiwan,
Mexico did not put into place proper environmental management
mechanisms including competence building, incentives and disincen-
tives, knowledge diffusion and effective regulatory enforcement struc-
tures. There was, and remains, a significant implementation gap between
formal policy and actual environmental protection at the firm level. To
top this all and paradoxically, the federal budget for environmental pro-
tection of a few million dollars is literally dwarfed by the estimated
US$36 billion cost to fix the environmental degradation that resulted
from years of policy and budgetary neglect.
There have been innovative moves by the Mexican authorities to at-

tend to the problem of industrial pollution. A recent development is the
introduction of an incentive programme (FIPREV) to encourage firms to
be audited for environmental management. The audit findings would
then serve as the first step in a collaborative programme between the
government and the audited firm to work out how best to address the
firm’s specific environmental problems and needs. Gallagher views such
arrangements as key to resolving the paradox of industrialization and
pollution prevention since the case of Mexico shows that technological
change and environmental improvements will not automatically come
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with or follow economic integration. Building on the FIPREV initiative,
Mexico could begin to build the necessary competence and systems of in-
centives, knowledge dissemination and regulatory enforcement.

Mexico is endowed with certain necessary prerequisites for successful
environmental and innovation policy-making. The prerequisites include
well-defined environmental regulations (though poorly enforced) based
closely on the American model. In addition, Mexico is in close proximity
to the United States and Canada as two advanced industrial economies
and trading partners through NAFTA. NAFTA’s trade rules and proto-
cols require meeting certain environmental standards as a precondition
for NAFTA-wide market access.

Adeoti’s analysis of environmental policy-making in Nigeria underlines
a sharp contrast between Nigeria and Mexico. Adeoti points out the im-
portance of a structural foundation and appropriate institutional context
for policy formation and implementation in general and for environ-
mental protection in particular. His main conclusion is that in develop-
ing countries where environmental regulations are relatively weak and
poorly enforced, ‘‘third party’’ factors can and do provide additional in-
fluences on how firms manage environmental impacts. Third-party fac-
tors include community pressure, influence of public corporations af-
fected by pollution from industrial activity in the policymaking arena,
influence of ENGOs, availability of environmental technology through
local suppliers and availability of technology and best management prac-
tices through transnational parent companies.

Adeoti’s study focuses on two key sectors of the Nigerian economy,
namely, food processing and textiles. The sectors use substantial amounts
of water as production input and generate high levels of wastewater. As a
result, the sectors are relatively highly regulated under Nigerian legisla-
tion. Adeoti also points out that third-party factors often find ways and
means of working with a regulatory framework, regardless of whether or
not environmental regulations are effectively enforced. However, third-
party factors cannot act as catalysts of positive change in environmental
performance or environmental innovation without the support of formal
legislative measures. In developing countries such as Nigeria, with weak
structural foundation and inadequate institutional context, innovation
policymaking must recognize the potentially key role played by third-
party sources and tap into the knowledge provided by them.

Yarime’s analysis of the transition in the Japanese chlor-alkali industry
from the diaphragm technology to ion membrane process technology
underlines the role of uncertainty in environmental policymaking when
faced with serious environmental problems. In contrast to Nigeria, Japan
is endowed with well-developed institutions and a mature structural
foundation. However, this endowment was not sufficient to yield a timely
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and adequate response to the disastrous mercury contamination problem
in Minamata Bay in 1956. The Japanese policymakers and firms had to
collectively experiment with alternative approaches and technologies be-
fore deciding on the most appropriate solution. Yarime’s chapter exam-
ines the co-evolution of the Japanese chlor-alkali industry and its regula-
tory arena since the mid-1950s. The Japanese government introduced
stringent environmental regulations in the 1970s to stop the mercury con-
tamination traced to the chlor-alkali industry. In a top-down manner, a
newly appointed Countermeasures Council demanded that the industry
install a closed effluent system to contain mercury by the end of 1974.
Initially, the government demanded that all chlor-alkali production

had to adopt the ‘‘diaphragm process’’, the only available alternative
technology at the time. However, once adopted, the diaphragm process
proved to be uneconomic and producing inferior-quality product. The
government’s objective of safeguarding public health and the industry’s
concern about costs and loss of market share were clearly not being re-
solved adequately. Further investigation and experimentation with other
technologies needed to be undertaken. The alternative technology was
identified as the ion exchange membrane. The idea of using ion exchange
membranes in the chlor-alkali process was not new and had been the sub-
ject of extensive research and development since the 1950s. The govern-
ment’s decision to fully eliminate the mercury process in the 1970s pro-
vided the necessary impetus for more concentrated and collaborative
R&D activities into alternatives to the mercury process. Given the prob-
lems with the diaphragm process, the government responded to these de-
velopments by taking the initiative to examine the viability of each of the
potential alternative technologies. The main criteria for the final selec-
tion included economic viability, quality of the end product and the time
required to fully develop the technology. The government committed that
R&D into alternative technologies for the chlor-alkali industry needed to
be observed for two years before a decision was made on how to proceed
with choosing the appropriate technology to replace the diaphragm
process.
The approach adopted by the Japanese government to address the se-

rious mercury contamination problem had two distinct phases. Due to the
severity of the mercury contamination problem, the first phase was very
much one of command and control. In the second phase, and perhaps
‘‘learning’’ from experience, the government adopted an approach to
policymaking best described as deliberative or interactive. The approach
was also consistent with ideal type approaches in policymaking to serve
sustainable development in that every attempt was made to integrate
environmental, economic and social needs through policy. Another im-
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portant feature of the second phase in the transition from the mercury
process to the ion membrane process technology is the interplay between
innovation in policymaking and innovation by firms in a positive feed-
back loop. The industry has now reached a new state of stability follow-
ing the elimination of the mercury process completely by 1986 and adop-
tion of the ion membrane process technology by 95% of the firms by
2000. The remaining 5% of the firms are in the process of moving from
the diaphragm process to the ion membrane process technology.

Yarime’s analysis demonstrates that the transition from the mercury
process technology to the ion exchange membrane technology began
with the emergence of an acute environmental and health problem. De-
liberative policymaking was successful in making good the mistakes of
the first reactive decision by the policy makers to eliminate the mercury
process. Through learning from experience and collaboration, policy-
makers were able to eliminate the problem at a later stage and steer the
industry to adopt a technology that later was to become a competitive
advantage.

Firms have different capacities to meet regulatory requirements
depending on size and industry type, among other factors. Firms are also
diverse in how they are motivated to protect the environment – there are
those that do it willingly and those that need to be coerced through regu-
lation or other (dis)incentives to change behaviour. Because of these dif-
ferences among firms, providing impetus for innovation is far more com-
plex than generally thought in mainstream economics and in the majority
of policymaking circles. In some cases, recognition of this complexity has
resulted in the emergence of what Gunningham calls ‘‘second-generation
regulation’’ whereby the mix of instruments for environmental protection
is very much determined by the context in which firms operate. In second-
generation regulation there is shared awareness of environmental prob-
lems and there is trust between the regulator and the regulated. When
environmental problems are not shared or are continually contested and
there is diminished trust among the main proponents, it may be more ap-
propriate to resort to formal regulation and persistent enforcement.

Innovative policymaking as described by Gunningham relies on the
use of a variety of instruments, including voluntary initiatives, depending
on the target firms and the larger context of economic activity. Policy-
making flexibility through the use of multiple instruments as suggested
by Gunningham is more conducive to experimentation, adaptation and
hence innovation in finding solutions. If the policy intent is to initiate the
emergence of an environmental innovation system, regulatory measures
(comprising a variety of instruments) have to be designed in such a way
as to spur innovative activity among the target firms. The maintenance of
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the system would very much depend on how technical, procedural and
other information is gathered, processed and diffused to strengthen the
system and ensure that it persists over the long term.
Gunningham’s systemic perspective is shared by Kemp in his study of

sustainable mobility. In making his case for transition management Kemp
calls for ‘‘system innovation’’ as an explicit objective in environmental
policymaking. By definition, system innovation goes beyond changes in
technical components, e.g., end-of-pipe technologies, to establish new
linkages, generate new knowledge and institute new rules, roles and or-
ganizations as the breeding ground for innovation in general and envi-
ronmental innovation in particular. Rather than being imposed from
above, system innovation combines new and old components and meth-
ods to close the loop in industrial production and to strive toward an in-
dustrial ecology. Other elements of transition management include mech-
anisms for the assessment of all new and emerging technologies for their
environmental impact, mechanisms for the assessment of environmental
policies for their innovation content, and elaborate programmes for tech-
nology experimentation so as to generate learning.
Parto et al. also employ a transition perspective in their analysis of the

policy and practice in waste management in the Netherlands. Focusing on
the role of formal and informal institutions, Parto et al. identify two qual-
itatively different transitions, the first from a largely self-organizing arena
to a government-controlled one and the second from centralized waste
disposal to centralized waste management. The overview of the subsys-
tem also reveals that a third transition may have started in the early
1990s. Major catalysing events responsible for the latest turbulence in
the subsystem include new European Union directives on waste manage-
ment, significant drops in the total volume of non-separated household
waste from the peak 1995 level, liberalization of the national waste mar-
ket and integration into the EU market, and the availability of landfill
site space in the former Eastern bloc countries as cheap alternatives to
highly regulated and expensive landfill sites in most EU15 member states.
The regulation and evolution of the waste subsystem led to a series of

innovations and technology adoptions/adaptations. For example, inciner-
ation was and remains a major final stage in the official waste hierarchy.
Structural reliance on incineration catalysed the emergence of new tech-
nologies throughout the incineration process, from input separation and
preparation techniques through to burning methods and the treatment of
outputs. Some of these changes to the incineration process were based on
technologies borrowed from other sectors while some were specific to the
incineration process. Cleaner emissions and effective fly ash collection
systems were products of this innovation process. However, key to the
evolution of the Dutch waste subsystem is not technology adoption per
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se but the policy environment and innovativeness in policymaking, which
appear to have led to innovation at the operational (firm) level.

The basic components of transition management are: the establishment
of a transition arena; development of transition goals and visions; transi-
tion agenda; transition experiments and programmes for system innova-
tion; monitoring and evaluation mechanisms of the transition process;
and creating and maintaining public support. In short, transition manage-
ment as described by Parto et al. and Kemp is concerned with conscious
and conscientious efforts to steer sociotechnical trajectories toward a
more sustainable, though not predetermined, future by nurturing innova-
tion. The means for intervention to steer trajectories are not predefined
but emerge based on outcomes of processes of variation and selection.
As such, the selection of the means to steer relies on markets and collec-
tive decision-making to ensure the desirability and viability of outcomes.

Kemp applies the transition management model to the case of trans-
portation based on gasoline- and diesel-powered individual vehicles. He
argues that the adoption of the model in policymaking could make
significant strides toward more sustainable transportation systems since
many of the ingredients of such a system already exist. These include
customized mobility based on a change of behaviour by users, incentives
aimed at steering user choice of transportation mode, cleaner technology
in cars, new public transportation infrastructure – such as underground
systems, virtual-office arrangements eliminating the need to travel to
work, ecologically conscious urban planning and regulations. Kemp con-
cludes that these options have not been pursued equally, as elaborated in
transition management, and thus potential synergies may not have been
fully realized.

The chapters in this book raise several key questions and provide some
insights into the interplay between environmental regulation, innovation
as a process and a policy objective and the implications for integrated
policymaking to simultaneously protect the environment and improve
economic performance through increased innovative activity. All these
case studies clearly indicate that regardless of the structural and institu-
tional context, governments need to play a key role as the largest and
most organized formal institution to facilitate environmental innovation
through legislation and the use of other incentives. The extent and nature
of intervention depends on the quality of interrelations between the reg-
ulators and the regulated, the magnitude and urgency of the problem at
hand, and the structural and institutional context in which problems exist.

Arguably, it is operationally easier for an industrializing country like
Taiwan to take advantage of the best available environmental technolo-
gies in a process of structured modernization. It is much harder for indus-
trialized countries with older industries to make significant or radical
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structural change as high costs of retrofitting or physical replacement of
old production systems render these options in most cases unfeasible, at
least in the short term. This does not mean that industrialized countries
should stop the search for innovative ways of eliminating or minimizing
the environmental impact of their industrial activities.
The difference between industrialized and industrializing countries in

their ability to effect ecological modernization raises questions about the
universal validity of Porter’s win-win argument – the validity of the argu-
ment depends very much on the context. For many older industries it is
not economically feasible to fully meet high environmental management
standards without structural and financial assistance. In an era of uneven
labour and environmental standards across countries, particularly be-
tween the north and the south, and with the emphasis on cost competi-
tiveness, there is a constant temptation for larger and more polluting in-
dustries to migrate to the south. However, the tendency to migrate, driven
by rent-seeking firms, provides unique opportunities for the spread of
best practices and technologies in environmental management. A central
and necessary ingredient for taking advantage of these opportunities is,
of course, an institutional will and political commitment to prioritize en-
vironmental protection in all manners of activity, from policymaking at
the firm level to discussions of ecological well-being and sustainable de-
velopment in various international forums.
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