Chapter 12

The Myth of Kalundborg: Social Dilemmas in Stimulating Eco-
industrial Parks

Frank Boons and Marco A. Janssen

12.1 Introduction

In the field of environmental sciences, the congegitindustrial symbiosis and industrial
ecology refer to the idea that the negative ecoklgmpact of economic activities may be
reduced more efficiently and effectively if the Ipolary of the system submitted to
environmental management is drawn not around aivichahl firm, but instead around a
group of firms. By looking at a larger system,sitpossible to prevent problem shifting: the
possibility that efforts to reduce negative ecatagimpact in one part of the system create
additional impacts in other parts of the systemalgollective approach, firms achieve a
competitive advantage by the physical exchangeaiénals, energy, water and by-products
(Chertow, 2000).

The system boundary can be defined using a numiberiteria: a sector of industry,
firms that are part of the life cycle of a produot, a set of firms situated in a certain
geographical area. Drawing the boundary in onehe$é¢ ways opens up a wider range of
technical and social options to reduce negativeremmental impact. The social element is
important since one of the main issues is the ¢oatidn of activities of the economic actors
that are part of the system in deciding and implaing efforts to reduce environmental
impact (Boons and Baas 1997). In this chapter, a@d on the geographical system
boundary.

On the basis of the experiences in the Danish tofaalundborg, the idea of industrial
ecosystems, aco-industrial parks (EIP), has received enormous attention from pgraogrs
as well as scientists during the last ten yearstl@ge 1995; Ehrenfeld and Gertler, 1997;
Jacobsen and Anderberg: Chapter 11 in this volufiejough an interesting process of
dissemination, the concept of an EIP has spreddlyap countries such as the Netherlands,
Canada, Hong Kong, and the United States (Boowas$,e2000). As a result, participants of
eco-industrial parks have tried to develop therkpa@aowards sustainability, and governments
have launched programs to promote such EIP ini@ati It has resulted in a number of
conceptual and empirical studies on these initstiv

There is some controversy about the stimulatioeaa-industrial parks. Some scholars
argue that there is nothing new about eco-indugtaeks and that Kalundborg was nothing
more than a re-discovery of old economic princiglessrochers, 2001 and 2002). Others
state that eco-industrial parks need to be desighadarger organization level to derive even
more economic and environmental returns than gsgiiuzed parks like Kalundborg
(Hawken, 1993; Baas and Boons 2004).We suspecbtihtperspectives miss an important
point, namely the need to overcome social dilemmasrder for industries to invest in
infrastructure that allows systematic and costetiffe exchange of material flows.

The organisation of this chapter is as followse Ttistory of Kalundborg is shortly
reviewed in Section 12.2. Next, Section 12.3 exaihow it spread and generated new
policy initiatives elsewhere. Section 12.4 argubkat tKalundborg is not unique but a
rediscovery of old principles. The results of pgliaitiatives are discussed in Section 2.5,
where it is shown that it is difficult to designdastimulate eco-industrial parks that work in
practice. In Section 12.6 the social dilemmas mavio most eco-industrial parks are
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studied. The chapter concludes with a discussiomwloich types of policy might stimulate
eco-industrial parks.

12.2 Diffusion of the Kalundborg EIP concept

The long term development of the case of the Kdlongl eco-industrial park has been
described in detail in Chapter 11. Currently itdtions as a model for advocates of eco-
industrial parks. It is not easy to track the dissation of Kalundborg concept. Boons et al.
(2000) reconstructed the process of disseminatettdaking Internet sources. The story of
Kalundborg can be taken as a first approximatiotnefdiffusion of the idea of EIPs.

The concept of ‘industrial ecosystems’ was coifreda paper presented at the 1977
Annual Meeting of the German Geological Associatigran American geochemist (Erkman
1997). The idea resurfaced in an articleSaentific American, written by two employees
from General Motors (Frosch and Gallopoulos, 1988jer, this article was summarized in
the language of business by a consultant from ArhuLittle (Tibbs, 1991). According to
Erkman, this document was instrumental in dissetimgathe idea of industrial ecology
within business circles.

Fuelled among other things by the discussion®vetig the Brundtland Commission
Report, the Frosch and Gallopoulos article: “...spdrbff strong interest [...] The article
manifestly played a catalytic role, as if it hagstallized a latent intuition in many people,
especially in circles associated with industriadarction, who were increasingly looking for
new strategies to adopt with regard to the enviremih(Erkman, 1997, p. 5). Apparently,
industrial ecology became a new meta-concept g&hed to hold the promise of embracing
existing techniques and practices as well as dpirgdcnew and more effective ones designed
to decrease the environmental impact of producéind consumption activities. In short,
industrial ecology has acted as an energizing aslilining concept.

In the beginning of the 1990s, a group of U.Selascientists and business people
formed the Vishnu group. This saw as its role tissamination of the concept of industrial
ecology. After a visit to Denmark, one of its memsblead a student write a doctoral thesis on
Kalundborg. This study (Gertler, 1995, also puldilon the Internet) appears to have been
crucial in spreading of the Kalundborg story. Itswalso instrumental in corroborating the
idea of industrial ecology and showing that it ehuhdeed, be more than wishful thinking
and conceptual desk research. In addition, theysthdwed the evolutionary character of the
Kalundborg symbiosis, stressing the complex inggrpf technical and social forces in its
origin and development: economic efficiency as divaton for the various actors taking
part in the symbiosis; the environmental regulat@gime’s role as facilitator for innovative
solutions; and, finally, the locally-embedded natwof agents for sharing ideas, information
and solutions to common problems. The Gertler varsif the Kalundborg symbiosis thus
contained lessons and visions as to the why’s amdshof industrial ecology.

Separate from the Vishnu group, the idea of EIB pieked up by Cornell University in
the US. At this university, there was a longstagdiradition in the social aspects of
community development. The idea of industrial eggloand more specifically EIP, fitted
well with this tradition. These developments tookrational policy relevance in the United
States in 1995, when a US President’'s Council astawable Development was devoted to
the theme of EIP. Here, the different strands inrddfvities around this idea were brought
together.

More recently, the concept of industrial ecolodly ¢ of which EIP is an important
element) has manifested itself in a journal, tloeirnal of Industrial Ecology, and an
international society: the International Society lfdustrial Ecology (ISIE).
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Some interesting issues emerge relating to theimvefnich concepts are disseminated:

- the IE and EIP concepts are defined very diffegebyl their adopters. Some use it as a
label to denote the technical linkage of productpyocesses and the use of wastes in
production processes, while others use it as aegirwehich refers mainly to processes of
cooperation, development and management of geogedlyh bounded areas or
communities. The concept thus serves bsuadary object (Adolffson, 2001): an idea or
object which acts as a bridge between differentasgcoups.

- Certain actors use concepts in a strategic waylinBing existing activities to a concept,
they can profit from the popularity of the concephis seems to be the case with the
researchers from Cornell University.

- By themselves, concepts are fluid. They can be medale, and therefore more suitable
for rapid and effective diffusion, by writing thedown. The Gertler-study is an example
of this; it is widely cited, and seems to have béenbasis for many other descriptions of
Kalundborg, even when not cited as such.

12.3 Putting the Kalundborg story into Practicein The Netherlands

The former section provided insight into the ways which ‘Kalundborg’ has been
transmitted. At the receiving end of the commundcatline, there are practitioners in
different countries who have picked up the idea laane based their actions on it. By way of
illustration, this section describes how this haleeh place, and is currently taking place, in
the Netherlands.

12.3.1 Fertile soil

For an idea like EIP to find a successful destomgtihere must be some sort of connection
possible with existing activities. We have foundtauch activities in the Netherlands: (1)
revitalization of industrial parks, and (2) improgienergy efficiency through cooperation.

Revitalization - At the beginning of the 1990s, efforts were utalen to ‘revitalize’
industrial parks in the Netherlands. In the 1960®se parks had been established by
municipalities to move industrial activities awaprh the centers of towns, and concentrate
them in parks located at their borders. In the ydhat followed, these parks evolved as
certain companies left and others came, while #kspwere enlarged to make room for
growing industrial activities. At the end of the80%, a substantial proportion of these parks
had developed into fragmented areas with no coatidin of activities, often dangerous
traffic situations, and deteriorating buildings ammdrastructure. The ‘revitalization’-effort
directed at renovating consisted of a national islypgrogram to enable municipalities to
invest in the industrial parks. In a number of sasthis led to the establishment of
coordination mechanisms between companies, suchF@sndations for collective
representation, and bureaus for ‘park managemaptrt from its function of coordinating
activities of the firms located on the industriark, these mechanisms aimed at ‘speaking
with one voice’ to the municipal officials.

Improving energy efficiency — In the same period, the Ministry of Economic akf§ was

looking for options to increase the energy efficierof Dutch industry. These efforts
originated in the early 1970s, when Dutch compasigéered from an OPEC oil-boycott
because of the pro-Israel stance of the Dutch govents’. This boycott made companies
aware of their high level of energy use, and itetlaefforts to undertake energy saving.
Throughout the 1980s such activities were furtteretbped. One of the options for further
efficiency improvements was to consider groups ahpanies instead of individual firms:
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notably, through the exchange of process heat. Merya test case initiated by the Ministry
was largely unsuccessful, mainly because it waficdif to organize cooperation among
firms.

12.3.2 Win-win solutions: looking for ideas

In 1997, the Ministry of Economic Affairs issuedpgether with the Ministry of
Environmental Affairs (EZ) and the Ministry of Tigport and Water Management, a policy
note on “Environment and Econom{Rota Milieu & Economie) (EZ, 1998). This policy
paper had as its central aim to stimulate actwitigat combine ecological and economic
benefits (win-win changes). In preparing this pplpaper, public servants from EZ visited
many firms to meet people involved in activitiesittitould be incorporated into the study.
One of the activities they encountered was broughtheir attention by the Province of
Noord-Brabant. Within this province there was a lsmgeoup of public servants organized
into what they themselves callede Project Innovation Team (PIT). Their aim was to
initiate innovative activities in which provinciauthorities play a non-traditional (non-
legislative) role, often leading to a public-priegiartnership. One of the projects concerned
an industrial park, known dietvelden/de Vutter (RiVu). The environmental coordinator of
the dominant company in this park, a plant of Hkémebreweries, had been inspired by
Kalundborg, and tried to develop and implement lsimdeas about cooperation on RiVu.
They found a willing partner in the coordinatortbé PIT. Together they visited Kalundborg
and wrote a report on it. They used the label ‘daam bedrijventerrein’ (eco-industrial
parks), the name under which such initiatives aw& known in The Netherlands.

This initiative was taken on board by the EZ pepplho started looking for, and found,
similar projects in other parts of the Netherlanrlssommon characteristic of these projects
was that firms located in the same geographica amere often cooperating to reduce their
environmental impact, and at the same time redtleedosts of their activities.

The writing of the policy note was coordinated hyProfessor in Environmental
Management. Upon hearing about the enthusiasmeoptiblic servants for this theme, he
linked it to the activities he was involved in withis research institute. They had been
working on a similar initiative in the Rotterdamrbar area, which had started some years
before (Baas, 1998). From the 1990s on, companiéisei Europoort/Botlek-area had joined
forces to develop environmental management systemd, had been able to receive
governmental funding in support. As the end of thieding was approaching, environmental
officials were looking for new financial sources toontinue the development of
environmental management. As it happened, the matigovernment had just issued a
stimulation program for the improvement of the eomnmental performance of product
chains. This stimulated the companies to searcloftions to develop cooperative efforts.
The researchers, one of whom had contacts withridhlorg, linked the ideas of Rotterdam
companies to the Kalundborg example. In develogimegRotterdam initiative, called INES,
the directors of the energy plant and Novo Nordiskred their experiences. These visitors
had a tour in the Europoort/Botlek-area, and stakbed it would be possible to develop
initiatives similar to those in Kalundborg.

The policy note of EZ contained a number of shaesa(‘boegbeelden’) of the win-win
philosophy that was the basis for the paper. lectelg these, the Ministry of Economic
Affairs consulted the national association of Dutetiustries (VNO/NCW). Although they
were initially worried that additional legislatiaomight ensue, in general the theme of eco-
industrial parks met with great enthusiasm of ti¢O/NCW people. In the version of the
policy note paper that was eventually sent to Bamdint, eco-industrial parks were one of the
‘showcases’, with the RiVu and Rotterdam harboaa@®the two main examples.
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12.3.3 Implementing ideas

After the policy paper was issued, EZ decided thatould be good to install a steering

group that would monitor the diffusion and implension of the eco-industrial park

concept. This group had a diverse membership: &oant representatives of three Ministries

(EZ, the Ministry of Traffic and Transport, and thinistry of the Environment and Spatial

Planning), there were representatives of indusbigal and regional authorities, and the two

main initiatives, i.e. RiVu and INES. This groupveped several projects to stimulate the

diffusion of the EIP concept, the most importantubiich was a program aimed at providing
financial resources for initiatives taken by locaimmunities. As EZ provided most of the
money, there was a focus on energy efficiency is pnogram. At the same time, it focused

on the process of cooperation. In preparing theliivities, the steering group had asked a

large consultancy company, KPMG, to provide therihwiput. This resulted in an overview

of ‘examples’, as well as a framework for how to amout making an industrial park more
sustainable (KPMG, 1998). Part of the consultaimput was the observation that the
cooperative process was the main bottleneck in Idpwey eco-industrial parks; not the

development of new technical possibilities, butirtteeceptance and organization was the
main barrier.

The stimulation program has been in place sind918nd the number of projects that
have been submitted surprised all the memberseo$térering group. It was decided to apply
the principle ‘let a thousand flowers flourishg.igive a chance to any initiative that is taken
by either local authorities or local groups of camnigs. The selection that was applied to
submitted projects focussed on the following cidter
1. clearly developed and measurable goals for theeprpjeriod
2. aslight bias towards projects that included thpl@mentation of energy saving schemes.

This criterion was a result of the fact that thgamization responsible for implementing

the subsidy-scheme has energy saving as an impéotars.

3. the set of projects should cover different typesiatives; both existing industrial parks
and parks to be developed should be included, la@dnitiatives should be in different
phases of development.

The first round of the EIP-program coordinatedN®VEM (2001) resulted in the co-
financing (usually 50% of costs calculated) of GBjgcts. Tables 12.1 and 12.2 provide
some insight into the type of projects that werantgd; they show the coverage of different
types of initiatives.

Table 12.1. Type of park

New parks Existing parks Other (virtual, unknown)

26 34 2

Table 12.2. Phase of project (projects usually span more than one phase)

Initiation Orientation Design Decision Implementation
making

22 34 28 15 5

The second table shows that most projects wetteiffirist phases of development of EIP: the

development covered the initial or orientation ghat56 of the 62 projects. In these phases,

the establishment of the organization of of padnagement, as a basis for further activities,

was the main goal. Projects that also covered lpteases, such as the design &
239



implementation of technical linkages between comgsmnor decisionmaing about sharing
utilities, often are activities that were alreaditiated, and subsequently put in projectform in
order to obtain a subsidy. The projects also shawida diversity in terms of who was the
central initiating actor; sometimes this was ommfiseeking to establish a linkage with one
or more other firms, sometimes a local governmesu#thority; in other cases it was a group
of entrepreneurs.

12.4 IsKalundborg unique?

Since the Kalundborg example diffused and inspjrelicy elsewhere, the question emerges
whether Kalundborg was really unique. If so, whaeve the reasons? If not, what are other
examples? Desrochers (2001) argues that EIP isewt and in fact is nothing more than a

rediscovery of inter-firm recycling linkages. Ireth9" century, waste recovery and exchange
between independent firms was widely practicecha \Western world. Perhaps, changes in
labor costs, environmental regulation and glob&ibraduring the past decades have made it
less attractive to exchange materials at a locdésc

After the discovery of Kalundborg, scholars starte look for other examples and
found these all over the world (Desrochers, 200&thin the Austrian province of Stryria,
the Ruhr region of Germany, the Jyvaskyla regionFofland, and the petrochemical
complexes of Los Angeles, Houston and Sarnia (Cgnad

According to Desrochers (2001), cost-benefit cdersitions cause firms to look for
the most effective way to deal with waste. Thiepfteads to reuse by the same firm or by
others as a cheap resource. As entrepreneuriad @irmcreative in finding new ways of reuse
and recycling their waste in monetary beneficiaysvaSuch processes are not easily being
designed top-down by public agencies. Some schalayge that designers come up with
better symbiotic relationships of it is startednfr@cratch, locating and specifying industries
and factories according to a grant scheme (Hawk@®3). However, bureaucrats and public
planners have only limited knowledge of the infotima that is required to organize
profitable synergetic relationships between firrdg1 important problem, according to
Desrochers, is that environmental policies whichingethe conditions for waste treatment
restrict firms to be innovative to reuse and reieygg| Environmental regulation can therefore
act as a barrier to the emergence of eco-indugiaidis.

The question arises how to stimulate eco-indugtagks. Even if they are not new or
unique, it is desirable from an environmental pecsipe to reuse, recycle and reduce waste.
We will first discuss what are the results of thee wf the Kalundborg example by policy
makers, before we address what we see as the naakm in stimulating eco-industrial
parks.

125 Lessonsfrom along term case: The INES eco-industrial park

One of the industrial parks in the Netherlands vatfairly long history is situated in the
Rotterdam harbor area. It contains firms from thecessing industry. This park has been
studied by Baas (1998, 2000).

At the end of the 1980s, the Dutch government@uith industry agreed on a voluntary
scheme to implement environmental management sgsteamndustrial firms within the
period until 1995. Companies in the Europoort/Botieea, located in the Rotterdam harbor,
decided to work together for this purpose. Cooriitimawas made available by the regional
industry association, Europoort/Botlek Interest8BlE Consultants as well as researchers
were involved in the project, which came to be kn@s the INES-project (Baas 1998).

The network that subsequently was created serseleabasis for identifying options to
diminish the environmental effects of the compameslved. This occurred through looking
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at possible linkages of production processes amdskiaring of utilities. The network was
formed by contacts among environmental managerhefvarious companies. They took
Kalundborg as an explicit model for their effortefResentatives of the Danish region were
invited to Rotterdam to provide information abdstsuccess-story.
The goals of the INES-project were the followilBaés 1998, 191):
- To stimulate cleaner production approaches withitividual companies.
- To perform network analyses of activities, mateaatl energy streams, and options to
reuse materials, byproducts and energy.
- To develop a knowledge infrastructure to suppoet dievelopment of an eco-industrial
system.
The project, which formally started in 1994, wagected to last until 1997. It was
divided into three phases:
(a) Communication of goals of the projects to comgs, and building support.
(b) Pre-feasibility studies.
(c) Design for implementation of selected projects.

An important point on which all companies agreemswhat any activity that would be
implemented had to be at least cost neutral; ierotfords, companies did not want to invest
in activities without being certain that return ionestment would be certain, and would not
result in additional operational costs. The facittBEBB was able to raise subsidies for
implementing projects thus provided substantiaphed the pressure of project costs was
alleviated.

The network analysis gave insight into technicédigsible projects. From this set, three
projects were selected: compressed air utilityisawaste water treatment, and reduction of
bio-sludge. Baas (2000) describes that it took figars to implement one of these projects,
the sharing of compressed air. Although there wasn#ial level of trust between the
companies in the region, it took time to build wpgort for the specific project. Moreover,
the information initially collected proved to beasturate. In addition, the supplier initially
involved revised its priorities. Ultimately, anothsupplier of compressed air took the
opportunity and installed a system which has bgemational since the beginning of 2000.

Currently, a second INES project is being impletednThis followed a period of over
two years in which there was no involvement fromBEBhe coordinating actor. But
eventually the INES-philosophy was taken up agéns time with the explicit goal to
develop a more strategic approach to building amiedustrial system. In order to move
beyond the technical-operational approach that dated the first project, the second project
has chosen to start a dialogue on strategic issue$, as ‘the future of fossil fuels’, an
important topic as a major part of the companie®lired is (in-)directly related to the oil
industry. This dialogue involves actors operatingtaategic levels within government and
industry. Getting actors interested in this dial®gand linking a more strategic discussion to
concrete activities, remains a major challengetferindustrial park.

Coordination and cooperation
These previous examples show that cooperative igesivbetween firms can emerge,
possibly stimulated by governmental policy. Examsplef successful cooperation are,
however, scarce. The development of EIPs is ofeengdered by problems of coordination
and cooperation, which manifests itself in diffdriarms:
1. Although located in close geographical proximiiymis in an industrial park often have
no close relationship. There are local industriabs which can serve as a starting point
for coordination, but they are insufficient in texof commitment, membership, and level
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of trust to allow a tight coordination mechanismev@loping the commitment, shared
vision and level of trust is a difficult and timerssuming process. Taking ideas like
Kalundborg and transplanting these into a totaifigedent context therefore often will not
function. Gertler's (1995) analysis of the socia@twork that underlies the technical
linkages between firms in Kalundborg shows the ltinge it has taken for these to
evolve.

. Firms in an industrial park are often productiomarpé of large businesses. Decisions
concerning their activities are taken in some headegrs far away. This implies that
even if site managers are willing to consider logs with other firms in the park, they
still need to convince company managers who ar@atof the local social group.

. A problem discussed more by scientists than prawéts relates to the adequate system
boundary. In general terms, the question is: wlyatesn can be best optimized? A
Cleaner Production approach focuses on optimidnegsystem of the individual firm.
Looking for an optimum within the group of firms an EIP may cause individual firms
to stop consider preventing the production of wagthin their firm, as they are looking
collectively for ways to use waste of one firm asigput for another firm in the park. In
addition, firms are part of product chains, andé¢hare also demands made by suppliers
or consumers towards a firm in order to reduceetidronmental impact of the product
chain as a whole. In other words, the firm is aatqabint in different systems, and
optimizing the ecological impact of one system nwntradict changes that would
benefit the optimization of the ecological impatanother system.

. Over the past ten years, many firms have changadatically, focusing on core
activities and outsourcing of non-core activiti€n the one hand, this has made them
more experienced in developing partnerships, becdlusy often need to control the
activities they have outsourced by a mechanismathawvs more influence than a market.
On the other hand, it makes them more sensititeedact that each additional link, be it
technical or organizational, makes them more depeindn other firms. The idea that
organizations have a fundamental need to reducendepcy has been developed
theoretically (Pfeffer and Salancik 1978), andis®aecognized in practice.

The INES-case shows how the coordination of aawiof firms situated on an industrial
park can be hampered by the fact that these filmpart of other systems (the multinational
corporation, a product chain), and thus receivetipial and often conflicting demands
regarding their activities and their ecologicaleets. Developing an eco- industrial park
requires that firms, individually and as a grougyvelop capabilities to deal with these
conflicting demands. In that sense, the main le§son the Kalundborg-example is that such
a development requires a long period of time.

12.6 A collective action theory of eco-industrial parks

The combination of emergence of cooperation as dragp in Kalundborg, and cases in
which it did not happen, presents a fundamentaklpun the study of social organization.
Conventional economic theory assumes that peoplke ndacisions in their own interest.
However, cooperative behavior is observed that dmedit with the concept of the selfish
individual. Mancur Olson states thatational, self-interested individuals will not act to
achieve their common or group interests’ (Olson, 1965: 2). The reason for this claim iatth
when interests are shared, rational actors shaetgépto free-ride, that is, to let others pay
the cost of goods that will benefit others. If wevartheless do see groups acting to further
their joint interests, this can be explained byvaie incentives relating to rewarding
contributors or punishing non-contributors.
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Since the 1980s, empirical evidence that indivisluiare able to develop cooperative
solutions abounds. Many examples can be given wheople have organized themselves to
achieve much higher outcomes than is predictechéyconventional theory (Ostrom, 1990).
Laboratory experiments show that communication @uwial factor to derive cooperative
behavior (Ostrom et al., 1994). Furthermore, thétalof participants to determine their own
monitoring and sanctioning system is critical tatatning cooperative behavior (Ostrom et
al., 1994). The reasons why these factors are itapbare not precisely known, but the
hypothesis is that they relate to the developmémbiutual trust during interactions between
resource users.

Translating these insights to industrial symbiogie see a number of individual firms
who can derive a better performance by cooperatitare we do not mean a buying and
selling of waste, but adjusting production processach that neighboring firms can be
connected. According to the arguments of Olsomdionly want to invest in adjustments in
their production process when they directly deavinancial benefit or when governmental
regulation prescribes such adjustments. Firms, kdnee adjustment investments with high
pay-back times, experience uncertainty of the astaf their neighboring firms. Will they be
able to deliver the anticipated waste flows in tight conditions? What if the other firms
find new cost-effective ways to reduce waste? Whtlte neighboring firm got bankrupt or
move to another location. Therefore, structural apndtly adjustments in the production
process are more risky. The question is when suastments may happen.

However, the success of Kalundborg and other asghnized EIP might indicate the
existence of long-term benefits. Table 11.1 showé nvestment levels that are be paid
back after a number of years. The insight thatnte®vork of social interactions seems to
have been crucial in the development of the sosyahbiosis, can be explained by the
arguments of Elinor Ostrom (2000). The existencen@fms in a group that place group
interests above those of individuals gives indiaiduthe confidence to invest in collective
activities, knowing that others will do so too. Reocity and trust are important social
norms which can be developed in a group (Ostror@0R0ANnother important norm is to
agree on sanctions for those who break the rulesll¥;, social norms can be developed
during repeated interactions, but can decay ehgiheating.

It has been rumored that the success of Kalundhetgally relates to the frequent
gathering of managers in a local pub. The local pupht well have acted as one of the
places where agents repeatedly interact. Anotleenestt is that the managers of most of the
firms came from the local community. This can haveant a high level of initial mutual
trust.

We will now describe the problem of creating inmia$ symbiosis as a formal model
(Figure 12.1). If a firm invests in providing output as an input for anofiren it will cost an
amountg;. If this other firm j derived the inputs from firmit will benefit by an amouni;.
The resulting problem can be described in a payaiffe. In a one-shot game, a firm can
decide to invest in exchanging waste or nob; ¥ ¢; then the benefit for the park will be that
both firms exchange waste, but since they do nowkwhat the other firm will do (e.g.,
uncertainty in future activities of the other firmpw long it will exist) the best action from
the perspective of individual rationality is not itovest. The values db and c might be
influenced by policies like tax on waste or subesdior adjustment of processes. But more is
needed than only changing the payoff matrix.

Firm A
Exchange No exchange

243



Exchange (b Ca, o~ y) | (g, -Cy)
Firm B

No exchange | (xchy) 0,9

Figure 12.1. Formalizing industrial symbiosis

Insights from the literature on collective actiand on the evolution of cooperation
provides some guidelines to overcome mutual defectf the players (Axelrod, 1984;
Ostrom, 1998). The players need to repeatedlydanten order to build up mutual trust
relationships. If players do not interact frequgndin attempt to cooperate may fail since they
do not trust each other enough to enter into cadper action. Creating interaction in an
industrial park might coincide with already-ongoiagtivities like security, energy supply,
infrastructure. If an increasing mutual trust deysl, new projects might be initiated which
have longer payback times. The fact that, in thé £@ntury, the recovery of waste was more
common might be due to more local economic intevastand lower mobility of firms.
Nowadays, many firms are players in a global maaket interact less with physical nearby
neighbors.

One of the main benefits of the self-organizatmncollective action is the strong
commitment of local actors. Especially when actmes able to define their own monitoring
and sanctioning regimes, long-term cooperativetgia can follow.

The story of Kalundborg is mainly a story of sgifvernance. In order to mimick the
success of Kalundborg, one needs to create thetmmsdfor self-governance. It is not a
matter of technological feasibility.

A suggested research agenda is to investigate arkathe characteristics of successful
eco-industrial parks in the contemporary econonecsjpective that make them establish
long-term commitment. And what is the role of tlype of waste production, the style of
management, historical and regional relations g average duration of firms located in
the park, and regulation on cooperative activitsesh as security, etc?

Once critical factors can be identified that stiat@ cooperation between firms. We
suggest that the government can indirectly stineuda-industrial parks by creating the right
conditions. For example, by selecting the typeBrofs to get permission to establish in new
parks.

Some conclusions on problems of collective action

As discussed in Chapter 2 of this volume, indulst@ology is based on the metaphor of

groups of companies functioning as a natural etesysBoons and Baas (1997) have

critically assessed the use of this metaphor, andladed that there is an implicit or explicit
idea that ecosystems are associated with an optisgabf resources and exchange of waste
streams. This obscures the fact that ecosystemargaa at an equilibrium which is less than
optimal (if they ever do reach an equilibrium).

The interpretation of this metaphor is importamtassessing EIP. We can distinguish
between the following levels of connectedness:

- Economic actors have exchange relationships, and there is coordination between
their activities, which is based on autonomous siess by dependent units. This is a
normal situation in most industrial parks. At thatset, there may have been some
planning, but over the years companies have cormdegane, and existing ones have
changed direction, grown or declined. The majosityndustrial parks in the Netherlands
are of this type (Lambert and Boons, 2002).
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- Companies located in an industrial park strive talsasome collective goals, which
introduces the idea of group coordination. Thevrlial elements are still autonomous,
but they can examine whether joint activities léadvin-win outcomes. These activities
are decided upon on a project-to-project basis.

- Companies in an industrial park function as thestituents of an ecosystem as it is
conceived by advocates of industrial ecology. Timakes it possible to implement
options that may be detrimental to some or mostpaomes, but nevertheless contribute
to the functioning and stability of the ecosystesraavhole.

These levels of connectedness can be relatecktdishussion on collective action in the
following way. At the first level, there is nothingdicating collective action. Actors interact,
but on a low level of intensity, and there is naiab structure in terms of trust and
mechanisms for monitoring and sanctioning that @¢dog helpful in bringing collective
action about.

The second level can be seen as a pre-collectitienaphase. Actors develop joint
activities that are based on the direct pay-off twoperation brings (hence the term ‘win-
win’). These joint activities do not constitute lective action. Nevertheless, they can only be
successful if some coordination mechanisms areldgeé. Thus, they lead to the emergence
of a basic level of trust, as well as mechanisnet tan be used as sanctioning and
monitoring instruments. Such a pre-collective acttjghase corresponds to the historical
analysis of organizations that produce public go@deh as labor unions) (Hechter, 1981);
they seem to have started out by providing prigateds, and later developed into collective
action organizations. The first period in the INE8&se is an example of this level of
connectedness.

The third level of connectedness constitutes ctile action. On the basis of
coordination mechanisms and trust between paitiesspossible to develop actions that have
differential costs and benefits for the actors. @githis social structure, they are willing to
accept certain costs in the present because thmceRenefits in the future. The current state
of affairs in the INES case seems to be an attéonguitain this level.

These levels of connectedness are implicitly rezsghin the more general literature
on ‘network development’ (Chisholm 1998) and ‘systedevelopment’ (Checkland 1981).
This literature aims to develop tools for actorscommunities, or more generally, social
systems, to move from the modest level of coordnabf autonomous activities towards
connectedness that serves longer term strategis flmathe network as a whole. Such a
process involves a recurring cycle of action (coafee projects between network members)
and reflection (evaluation of projects and reforatioin of network goals, structure and
processes) (Checkland 1981: 163). One of the densmhts of this literature is that the
process of network development is successful dntlge actors in the network themselves
learn how to improve their connectedness.

12.7 Conclusion

The Danish Kalundborg has functioned as a sucde#isiiration of an EIP within the field
of industrial ecology. The Kalundborg case is udmd policy makers, scholars and
consultants as an example project of how to redasidustrial parks. However, the success
of these designed EIPs has been limited so far.cbhditions to create an EIP are context
dependent. In fact, the Kalundborg development éapg due to specific local social
circumstances that stimulated the mutual trustdngl between industries and created an
environment for cooperative action.
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To stimulate long-term cooperation in industrialrks, local firms need to build up a
mutual trust relationship and the technical advgat@r cooperation needs to be significant.
Subsidies are to a great extent aimed at improWiagechnical conditions and not the social
conditions or the composition of firms in a parkeTevaluation horizon is usually so short
that long term goals cannot be expected to be khete research needs to be performed to
assess the conditions that make industrial parksegtible for long-term synergetic
relationships between firms.

A top-down design of eco-industrial parks by bu@ats and public planners is unlikely
to be the most successful avenue to follow. Asare$eon collective action problems shows,
such top-down arrangements are often not effectivecreating sustained cooperative
arrangements. More might be expected from incestiee self-organized interactions by
changing restrictive environmental regulations,vpiimg tax incentives and subsidies for
firms to explore innovative ways to reduce theistsand waste.
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