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INDUSTRIAL ECOSYSTEMS

A community of manufacturing and service businesses seeking
enhanced environmental and economic performance through
collaboration in managing environmental and resource issues
including energy, water and materials.  By working together, the
community of businesses seeks a collective benefit which is greater
than the sum of the individual benefits each company would realize
if it optimized its individual performance only.

Lowe, Moran, Holmes, 1996
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ECO-INDUSTRIAL DEVELOPMENT
PRINCIPLES AND STRATEGIES

There are at least four terms in use in the literature which mean more or
less the same thing. These are industrial ecosystem, eco-industrial park,
eco-industrial network and eco-industrial development. For purposes of
the Canadian Eco-Industrial Network, the term eco-industrial network will
be used. Other related terms such as industrial symbiosis and by-product
synergy have a more limited perspective although they are important
components of an eco-industrial development complex. Eco-industrial
networks can range from limited symbiotic relationships involving a few
materials and companies to fully mature industrial ecosystems in which
infrastructure, buildings  and products are designed and used in cyclical
and sustaining ways.

The two key descriptors in the term are eco- and networking. In this context,
eco- is derived from ecological but it could just as easily have referred to
economic. In fact, the first mentions of ecology refer to it as nature’s
economy. Ecology refers to the structure of the ‘household’ while economy
describes the management of the ‘household’. Both structure and
management have much to do with relationships and systems. Ecology, of
course, is the study of the inter-relationships among species and
communities of organisms and the physical environment in which they
live. The word network is more generic and refers to chains or connections.
Thus, while there may seem to be some redundancy in the terms, network
serves to reinforce the underlying concept.

There has been much debate about what is encompassed in the terms
industrial ecosystem, eco-industrial park, eco-industrial development and
eco-industrial network. These four terms appear to be the most prominent
in the current literary landscape at the moment. Eco-industrial park has
been used to describe almost any kind of community of businesses which
features some ecological characteristics whether located in the confines of
a traditional industrial park or not.  Industrial ecosystem, somewhat
surprisingly, has not gained as much favour in the young industrial ecology
literature, even though the term was used in what is widely regarded as the
seminal article in the field by Frosch and Gallopoulos in 1989, and
ecosystems are the cornerstones in the conventional field of ecology.
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Although the field of industrial ecology is a relatively new field of study,
there is some consensus developing on the major concepts and strategies.
An eco-industrial development is interpreted as a “community of
manufacturing and service businesses seeking enhanced environmental and
economic performance through collaboration in managing environmental
and resources issues including energy, water and materials. By working
together, the community of businesses seeks a collective benefit which is
greater than the sum of the individual benefits each company would realize
if it optimized its individual performance only” (Lowe, Moran and Holmes,
1996). The President’s Council on Sustainable Development of the United
States also recognizes that a) the community of businesses must cooperate
with the local community, b) the resources which should be shared include
information, infrastructure and the natural habitat and c) the sharing must
be equitable.

The principles put forward by Lowe et al focus almost exclusively on
technical matters. The human and social dimensions receive no
consideration. This area has been addressed by Cote and Cohen-Rosenthal
among others. They identify a number of networking possibilities which
should be considered in eco-industrial development. In addition to symbiotic
relationships involving materials and energy, they point to networking in
transportation (car pooling), human resource management (training),
information and communications (management information systems),
marketing (joint promotions), environment, health and safety (emergency
response planning), production (equipment pooling), and quality of life
(integrated volunteer programs).

The current state of affairs may be a reflection of the realization that our
industrial systems are still at a very early stage of evolution, i.e. hundreds
rather than millions of years, and therefore understandably immature. The
linear thinking in our industries and the high flow-through of materials and
energy are testament to this fact. Chertow (1999) uses a different analogy
and refers to the state of  eco-industrial parks as similar to that of “Visicalc”
in the early computer software. On this basis, then, the terms eco-industrial
development and network may be the most appropriate to use in these
circumstances. For our purposes in Canada, we have selected eco-industrial
network (Canadian Eco-Industrial Network).
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In their seminal work, “Fieldbook on the Development of Eco-Industrial
Parks” prepared for the U.S.EPA, Lowe, Warren and Moran described the
key characteristics of a fully developed eco-industrial park:
¨ integration into natural systems recognizing the constraints of local

ecosystems, especially the capacity to assimilate wastes;
¨ maximization of energy efficiency through design, cogeneration, inter-

plant energy flows and increased use of renewable sources;
¨ site-wide design of material flows and waste management, ensuring

maximum reuse and recycling of materials including water, reducing
dissipation of toxic chemicals and linking companies with the
community and other businesses in the surrounding area;

¨ appropriate construction and rehabilitation of buildings and sites,
following best environmental practices

¨ effective management by maintaining the appropriate mix of
companies, creating a site-wide information system and encouraging
continuous improvement.

In their subsequent book,  “Discovering Industrial Ecology - An Executive
Briefing and  Sourcebook”, Lowe, Moran and Holmes identify a number
of principles of industrial ecology:
¨ connect individual firms into industrial ecosystems
¨ close loops through reuse and recycling
¨ maximize efficiency of material and energy use
¨ minimize waste generation
¨ think of wastes as potential products
¨ balance inputs and outputs to natural ecosystem capacities
¨ reduce the environmental burden created by releases
¨ design the industrial interface with sensitivity to the natural environment
¨ minimize creating and transporting toxic and hazardous materials
¨ design industrial use of materials and energy
¨ redesign processes
¨ substitute technologies and materials
¨ do more with less
¨ align policy with a long term perspective

The study by McCann et al and the Alberta By-Product Synergy project
have identified a number of possible ways of closing loops and using by-
products. From a planning point of view, there remains much to be done in
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reducing the environmental burden of releases and designing the industrial
interface with the natural environment of the area. However there are ideas
which can be considered. These would include setting aside land for
plantations which would serve as carbon dioxide sinks. Such plantations
would not be large enough to compensate for the CO2 emissions of the
Industrial Heartland but they would play a role not only in mitigating effects
but also providing some employment and renewable materials. They could
also serve to further protect significant natural areas such as wetlands and
watercourses.

In that column in the Journal of Industrial Ecology (Vol.2, No.3, 8-10)
Chertow suggests a continuum of industrial symbioses which describe inter-
relationships among businesses. These are waste exchanges involving two
or more companies; life-cycle management of all materials used by one
facility or company; multiple exchanges of resources among several firms
in an industrial park; material and energy based relationships among firms
within a industrial zone or part of a city or region; a virtual ecosystem in
which networking of various types occurs over a larger area.

Lowe et al, Cohen-Rosenthal and Cote all agree that industrial ecosystems
must be more than:
¨ a local waste exchange
¨ a recycling business cluster
¨ a district heating or cogeneration project
¨ a collection of environmental technology companies
¨ environmentally sensitive landscaping
¨ environmentally friendly infrastructure
¨ an industrial park developed around a single environmental theme.

Cote et al have suggested some characteristics of an industrial park operating
as an ecosystem. In his view, an industrial area operating as a mature
ecosystem would involve:
¨ the industrial activity would take into account the ecological capacity

of the area, paying particular attention to the assimilative capacity of
the air, water (surface and ground), and soil to absorb emissions;

¨ energy production would be based increasingly on renewable resources,
and at least increase the efficiency of current energy production and
use through cogeneration and district heating;
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¨ buildings would be designed and built to optimize conservation of heat
and water, while enabling disassembly for reuse, and recycling at the
end-of-life;

¨ landscaping would use indigenous plants and be designed to support
building heating and cooling;

¨ industries and businesses would be selected based in part on their
compatibility for symbiosis;

¨ management of the development would encourage a web of businesses
involving not only producers and consumers but scavengers and
decomposers to support cycling of materials;

¨ redundancy in materials sources would be built into the structure of
the system;

¨ dissipative uses of materials and energy  would be discouraged;
¨ management would establish a common information management

system which would facilitate networking.

In a 1997 paper, Ehrenfeld and Gertler reviewed a number of emerging
eco-industrial park initiatives and concluded that the key elements of
successful eco-industrial networking are:
¨ adequate financial support for the management infrastructure with a

strong public-private partnership;
¨ a regulatory framework which emphasizes flexibility, continuous

improvement, community participation and environmental management
systems;

¨ financing and taxes which have flexibility, encourage the creation of
local investment funds, and promote the reduction of waste and
enhanced efficiency;

¨ linking community economic development and community business
organizations;

¨ labour involvement through skills development programs;
¨ transportation logistics which encourages efficiency, multi-modal

approaches, sharing of facilities and public transportation;
¨ access to land to support co-location;
¨ sharing of information on operations especially on products and by-

products;
¨ medium to large size industries which can anchor the network;
¨ private and public sector champions, especially at the local level.
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Although there is still some evolution and maturation that must occur in
defining and implementing eco-industrial development, it is quite clear
that it should involve multiple organisms, not only businesses but other
institutions within communities, multiple materials (and energy), and
multiple relationships. As a start, a symbiosis may be initiated by
collaboration between two facilities involving one material, e.g. hot water,
but an eco-industrial development or industrial ecosystem must eventually
grow into a network or web.

Sustainable industrial development will require attention not only to
ecological and economic aspects but also social dimensions. In this way,
perhaps we can be assured that the whole is more than the sum of its parts,
a functioning inter-dependent system.
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Industrial Ecology Vocabulary

Examples of terms used in ecology which can be applied to industrial sys-
tems.

Adaptation:  The adjustments that occur in companies in respect to their
environment.

Diversity:  The richness of companies, the complexity of the industrial
system, and the variation among companies in an industrial park.

Carrying capacity:  The maximum population of a given type that a par-
ticular industrial park or zone can sustain.

Commensalism:  The interaction between businesses in which one com-
pany benefits and the other is not affected.

Decomposer:  A business that enables recycling by breaking down mate-
rials into simpler compounds.

Ecosystem:  A more or less discrete unit consisting of people, businesses
and physical and chemical components on which they depend.

Food web:  The interacting relationship of businesses within an industrial
system based on transfer of energy and materials.

Heterotroph:  A business which does not process its own compounds or
materials but combines them to manufacture products.

Life cycle:  A series of stages in the production, use and disposal of mate-
rials, products or buildings.
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Metabolism:  The total of the flows or interactions that occur within a
business or within the businesses connected in a supply chain.

Mutualism:  Interaction between companies which benefits two or more
of them.

Niche:  The functional position of a business in its environment.

Polymorphism:  The occurrence of two or more forms of a business, prod-
uct or service.

Synergism:  The combination of businesses or factors influencing busi-
nesses which results in a greater effect than would occur independently.

Symbiosis:  The interaction between companies in which the wastes of
one become the raw material for another.
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Industrial ecosystems and Eco-industrial networks

Various types of networks, webs or systems are emerging in theory and
practice:

1. Some networks are linked by one material. In the case of the Bruce
Energy Center in Ontario, water as steam and condensate is the
connecting material. The steam is generated by the power station and
cycled through several industries before returning to the power plant.

2. In the second case, a central industry, a brewery, is the focal point of
the system. The brewery generates a number of by-products which can
be used as inputs for other businesses, and in turn, other products are
created. Components of this system are in production in Fiji, Namibia
and China.

3. The third case is a well-known example of industrial symbiosis in
Kalundborg, Denmark. In this case, several industries and a town are
linked through a variety of materials. The cost saving and environmental
benefits of this symbiosis have been substantial.

4. The final case in the primer involves a waste exchange network in a
four county area around Research Triangle Park in North Carolina. In
the Triangle J area a large number of by-products and wastes are being
exchanged and more have been identified.
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Bruce Energy Center

Source: Venta et al., 1997
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Examples of Current Local Partnerships in the Triangle Region
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Guidelines for “Win-Win” Projects -
Industrial Ecology

The environmental performance of industry can be improved by applying
models of the biophysical environment to industrial production. One
emerging concept for the development of industrial ecology principles is
the Eco-industrial Park (EIP): communities of manufacturing and service
businesses that aim to enhance their environmental and economic
performance through collaboration in managing environmental issues and
resources-including energy, water, and materials. Components of this
approach include new or retrofitted design of infrastructure and plants,
pollution prevention, and energy efficiency. Strategies for designing
successful industrial parks include:

Integration into Natural Systems
• Design the EIP in harmony with the characteristics and constraints of

local ecosystems
• Minimize contributions to global environmental impacts, such as

greenhouse gas emissions

Energy Systems
• Maximize energy efficiency through facility design or rehabilitation,

co-generation, and energy cascading
• Achieve higher efficiency through inter-plant energy flows
• Use renewable sources extensively

Materials Flows and “Waste’Management
• Emphasize pollution prevention, especially with toxics
• Ensure maximum re-use and recycling of materials among EIP

businesses
• Reduce toxic materials risks through integrated site-level waste

treatment
• Link the EIP to companies in the surrounding region as consumers and

generators of usable byproducts via resource exchanges and recycling
networks

Water
• Design water flows to conserve resources and reduce pollution through

strategies similar to those described for energy and materials
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Effective EIP Management
• Maintain a mix of companies needed to best use each other’s by-

products
• Support improvement in environmental performance for individual

companies and the park as a whole
• Operate a site-wide information system that supports inter-company

communications. informs members of local environ-mental conditions,
and provides feedback on EIP performance

ConstructionlRehabilitation
• New construction or rehabilitation of existing buildings should follow

best environmental practices in materials selection and building
technology, recycling or reuse of materials and consideration of
lifecycle environmental implications of materials and technologies

Source:

Watson, R.T., Dixon, J.A., Hamburg, S.P., Janetos, A.C. and R.H. Moss.
1998. Protecting Our Planet Securing Our Future. Linkages Among
Global Environmental Issues and Human Needs. United Nations
Environment Programme. U.S. National Aeronautics and Space
Administration. The World Bank. November 1998.
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Benefits and Opportunities with
an Industrial Ecology Approach

Industrial ecology is a systems approach to the analysis of the flows of
materials and energy considering the life cycle of products, the design of
buildings, infrastructure and industrial parks, and the reuse, recovery and
recycling of resources in a manner which is cleaner, and more efficient.
The approach recognizes the connectedness of materials, products and
infrastructure to ecological functions and services provided by the natural
environment.

It is directed at:
• Finding cost savings and new revenues in existing operations;
• Creating new markets for existing goods and services;
• Developing new technologies, processes and products;
• Identifving new organizational, legal and economic innovations;
• Developing infrastructures which encourage exchange, reuse, and

recycling;
• Addressing cumulative effects of production and consumption.

For Govemment, the benefits include:
• Enhancing the efficiency of resource use:
• Enhancing the recovery of materials from the consumption system;
• Reducing the cost of industrial infrastructure;
• Supporting the sustainability of communities;
• Identifying new economic development opportunities;
• Encouraging innovation in environmental management and regulation.

Technology Development Opportunities:
• Chemical processes which produce toxic intermediates on demand and

in smaller quantities;
• Catalysts which are readily recoverable;
• Bioengineered bacteria capable of decomposing complex materials;
• Low temperature production processes;
• Biopolymers for packaging, adhesives, absorbents, lubricants and other

products;
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• New recycling and recovery technologies;
• R&D into new materials composed of recycled resources.

Manufacturing Opportunities:
• Material processing equipment;
• Companies altering by-products physically or chemically to meet

customer specifications;
• Infrastructure built to efficiently separate and cycle flows of materials,

water, heat within and between plants;
• Product remanufacturing

Business Management Opportunities:
• Brokerage firms to handle sales or purchases of by-products;
• Management firms offering comprehensive investment recovery

services redeploying, recovering or marketing idle, obsolete, unused
equipment or materials;

• Ecosystem restoration firms;
• Organizational design consultants;
• Information management firms;
• Architects and designers of buildings, infrastructure products.
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