-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by University of Queensland eSpace

Project 3A1: Enabling Tools and Technologies
For Capturing Regional Synergies

Regional Synergies for
Sustainable Resource
Processing:

a Status Report

June 2005

Albena Bossilkov!, Rene van Berkel', Glen Corder?

1 Centre of Excellence in Cleaner Production Curtin University of Technology, GPO Box U1987, Perth, Western Australia, 6845
2 Centre for Social Responsibility in Mining, Sustainable Minerals Institute, The University of Queensland, Brisbane, QLD, 4072

This project is carried out under the auspice and with the financial support of the Centre for Sustainable
Resource Processing, which is established and supported under the Australian Government’s Cooperative
Research Centres Program. The Centre for Sustainable Resource Processing is a joint venture between Alcoa,
ANSTO, CSIRO, Curtin University of Technology, Newmont, Rio Tinto, University of Queensland,
University of Sydney, WMC, Xstrata, OneSteel, Orica, Rocla, Central TAFE, Ausmelt, Environment Australia,
Hatch, Kwinana Industries Council, Minerals Council of Australia, NSW Minerals Council, Tesla, Gladstone

Area Industrial Network and URS.

Contributors to this project:

N THE U
Gurtin® o

University of Technology


https://core.ac.uk/display/43359883?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ACKNOWLEDGEMENTS

This research report is the first outcome of the research project entitled Enabling Tools and
Technologies for Capturing Regional Synergies, commissioned by the Centre for Sustainable
Resource Processing to Curtin University of Technology (through its Centre of Excellence
in Cleaner Production) and The University of Queensland (through its Centre for Social
Responsibility in Mining). The authors wish to acknowledge the contributions of industry
representatives to the formulation of this research project, in particular Mr. Phillip Bangerter
(Hatch), Dr. Vanessa Gurthrie (Alcoa), Mr. Peter Argust (Comalco) and Mr Martin Taylor
(Kwinana Industries Council). Moreover they wish to acknowledge the contributions of
other members of the research team, in particular Mr. Dick van Beers and Mr. Venky
Narayanaswamy (Curtin University of Technology), Prof Don McKee and Dr. David
Brereton (The University of Queensland) and Prof. Jim Petrie (The University of Sydney).
Professsor Van Berkel’s Chair in Cleaner Production is co-sponsored by CSBP Limited.



Regional Synergies for Sustainable Resource Processing: a Status Report [‘ ']
Executive Summary “

EXECUTIVE SUMMARY

Overview

The notion of regional resource synergies concerns the capture, recovery and reuse of
previously discarded by-products (including materials, energy and water) from one industrial
operation by other, traditionally-separate, industries operating in its close geographic
proximity. The realisation of such synergies in minerals-processing intensive areas provides a
significant avenue towards Sustainable Resource Processing, as was recognised by
establishing a research program on regional and supply chain synergies in the Cooperative
Research Centre for Sustainable Resource Processing (CSRP).

This foundation project on Enabling Tools and Technologies for Capturing Regional
Synergies is aimed at encouraging and facilitating the greater utilisation of regional synergy
opportunities to improve the overall Eco-Efficiency of minerals-processing intensive
regions. It involves three principal research tasks, ie. (1) review, development and
promotion of best practices in regional synergy development; (2) development and trial of a
regional Eco-Efficiency opportunity assessment method; and (3) technology assessment for
enabling synergy technologies. This report summarises the results of the desk studies
undertaken towards the first research task between July 2004 and April 2005 by the Centre
of Excellence in Cleaner Production (Curtin University of Technology) and the Sustainable
Minerals Institute (The University of Queensland).

The research reported here provides an assessment of the status of development and
application of regional resource synergies in minerals-processing intensive areas. It is based
on information collected from literature sources, including industry publications and the
Internet, and direct interactions with industry and other professionals associated with
regional synergy development and implementation, both nationally as well as internationally.

The assessment is structured in four constituent parts.

1. Summary and review of concepts, terminology and methodology developed so far
(reported in chapter 2). This links regional synergy development to the field of
Industrial Ecology, and in particular its subset of Industrial Symbiosis.

2. Summary and comparative analysis of leading national and international examples of
regional synergy development (reported in chapter 3). The examples have been
selected for their perceived relevance for minerals processing intensive areas, and
include two Australian (Kwinana and Gladstone) and sixteen international examples
from North America, Europe and Asia.

3. Review of concepts, methods and metrics used for company-internal efficiency and
synergy initiatives (commonly referred to as Eco-Efficiency) on their applicability for
regional synergy development (reported in chapter 4).

4. Review of the status of technology development for recovery and reuse of valuable
components from large volume process by-product streams from typical minerals
processing operations (reported in chapter 5).

Collectively these four constituent parts provide a rich insight into the wide variety of more
and less successful regional synergy initiatives, which can serve as a fertile source of ideas to
inspire and facilitate synergy projects in minerals processing intensive areas. Deconstruction
of these experiences to pull out universally applicable best practices is however hampered by
the relative scarcity of contextual data regarding e.g. public policy and regulatory
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environment, industry structure and resource prices in particular for the international
examples.

Conclusions

In light of the overall aim of this foundation project to encourage and facilitate the greater
utilisation of regional synergy opportunities in minerals-processing intensive regions, it is
possible to conclude on the basis of the research reported here, that:

1.

The science and — to a lesser extent also — the technology for creating regional resource
synergies are captured in the emerging disciplines of Industrial Ecology and Industrial
Symbiosis, which enjoy remarkably broad support from industry, government and the
community, despite their specific theory and methodology developments still being in
their infancies.

There is both historic and present day evidence that regional collaboration between
traditionally separate industries involving physical exchange of materials, energy, water
and/or by-products, or Industrial Symbiosis, can deliver both competitive advantage and
environmental benefit. The evidence therefore is strongest for the two Australian
regions studied (Kwinana and Gladstone), but generally supported by the other sixteen
international case study regions (even though the information for these international
regions is far less detailed).

There is strong evidence that ’self-organisation’ is a critical success factor for regional
synergy development, recognising that self-organisation will generally need to be
facilitated and propetly resourced through ‘transition management’. Self-organisation
occurs as businesses see and pursue opportunities to improve their businesses by
engaging in regional resource exchanges with their neighbours.

It is without doubt that (environmental) legislation, industry policy, resource economics
and technology can all act as serious barriers for self-organisation into regional resource
synergies, but the picture is less clear as to whether and how each can be turned into an
incentive or enabler for regional synergy development. There is little — if any — evidence
that planning, public policy or legislation can drive regional synergy development and
implementation beyond industrial waste exchanges or set up of shared environmental
services in the industrial area. Instead, it appears that innovation and technology
development support, co- and self-regulatory approaches on the basis of agreed best
practice guidelines, and possibly investment support for synergy project implementation
are more likely to be effective for fostering regional synergies development and
implementation.

The recognised leading international examples of regional synergy development in heavy
industrial areas are dominated by comparatively straightforward exchanges of process
by-products, waste water or waste heat, between two companies, that involve minimal —
if any — processing prior to (re)use by the recipient company. In many of the
documented examples it appears that the Industrial Symbiosis initiative plateaus, for
reasons not yet fully understood, but possibly indicating that the engineering tools,
technologies, business models and policy environments to achieve more complex
resource synergies are lacking.

Kwinana and Gladstone compare favourably with the well-regarded international
examples of regional synergy development, in terms of the level and maturity of the
industry involvement and collaboration, and the commitment to future regional resource
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synergy projects as the cornerstone for the area’s contributions to sustainable
development. Moreover, Kwinana stands out with regard to the number, diversity,
complexity and maturity of existing synergies. Gladstone is remarkable as among the
examples of regional synergy development it stands out as an example with unusually
large geographic boundaries and unusually high dominance of one industry sector
(alumina and aluminium and its power supplier).

7. Regional synergies have developed opportunistically in the absence of specific methods
for synergy option generation and/or synergy technology selection and assessment,
despite there being a competency and track record in Eco-Efficiency methods and
metrics and resource recovery technologies on which such methods could be based.
There is a distinct possibility to support the development and implementation of
regional synergy projects with customised methods for synergy project identification and
evaluation and model applications of existing and emerging water, energy and materials
recovery and use technologies therein.

Recommendations

In support of this foundation project’s principal aim of fostering greater utilisation of
regional synergy opportunities in minerals processing intensive regions, it is recommended
that:

1. The experience and achievements in regional synergies development and
Implementation in both Kwinana and Gladstone be widely and persistently
communicated. Such is well justified in light of this research’s finding that both areas
compare favourable with other leading examples of regional synergy development and
implementation. A detailed communication strategy needs to be developed and
implemented to achieve a three-fold outcome: (i) to catalyse further synergy projects in
Kwinana and Gladstone; (i) to inspire and seed regional synergies programs in other
industrial areas; and (iii) to gain recognition for sustainability leadership and industry
achievement.

2. A method be developed to structure the generation of synetgy opportunities with
particular relevance to minerals processing intensive regions. This method will
enable the development of more adequate and comprehensive sets of potential synergy
projects to be considered in any minerals processing intensive region. Its development
should be based on the practical advances and achievements of the regional resource
synergy pilot research projects in Kwinana, Gladstone and potentially elsewhere.

3. Further research be undertaken so that existing and emerging technologies, in
particular in the areas of heat, materials and water recovery and reuse, can deliver
regional synergy opportunities. This will involve identification of technology needs
and opportunities as these are encountered in regional synergy development and
implementation in practice, and assessment of alternative ways to realise potential
synergies through innovative applications of existing and emerging technologies.
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Chapter 1: INTRODUCTION
1.1 Background

Sustainable Resource Processing is concerned with finding ways to progressively and
systematically eliminate waste and emissions in the minerals cycle, while at the same time
enhancing business performance and meeting community expectations. An important
contribution thereto can be made if wastes from one process can serve as raw materials for
another process. Frosh and Gallopoulus argued in their seminal 1989 publication in the
Scientific American (Frosh ez a/. 1989) that this simple notion can turn into a powerful driver
for innovation, business improvement and reduction of environmental impacts. They
thereby scoped a novel field of business practice and scholarship now known as Industrial
Ecology. At its core, Industrial Ecology is concerned with restoring and achieving the
balance and symbiosis between industrial production and consumption and the natural
ecosystems on which life on planet earth ultimately depends (e.g. (Graedel ez 2/ 2003;
Greadel e al. 2003; van Berkel ez al. 1997)).

One profound manifestation of Industrial Ecology principles is through Regional Resource
Synergies where industrial operations exchange previously discarded by-products, including
low-grade water and heat, for mutual competitive advantage and collective environmental
benefit. Because of the many links among the firms an industrial area is transformed into an
‘industrial ecosystem’ or ‘industrial symbiosis’ (e.g. (Lowe 1997)). The most frequently
quoted example of such Regional Resource Synergies is in the Danish town of Kalundborg,
where the local power station, oil refinery, plasterboard plant and pharmaceutical company
have established a diverse network of water, heat/steam and other material exchanges (see
e.g. (Ehrenfeld ez a/ 1997)). The Australian Mining, Minerals and Sustainable Development
Project (Sheeny ef al. 2002) focused attention on relatively well developed examples of
Regional Resource Synergies in key Australian minerals processing intensive industrial areas,
most notably Kwinana (WA) and Gladstone (QId).

Building on these achievements, the Centre for Sustainable Resource Processing (CSRP) set
out to further develop methodologies and technologies for regional and supply chain
synergies in the resource processing industry, and foster their practical application in
Kwinana, Gladstone and other industrial areas in which minerals processing and metals
production are important. A foundation project entitled “Enabling Tools and Technologies for
Capturing Regional Synergies” was formulated in early 2004 and contracted to Curtin University
of Technology (through the Centre of Excellence in Cleaner Production), and The
University of Queensland (through the Centre for Social Responsibility in Mining).
Documentation and review of national and international best practice is one of the key
components of this foundation project, along with methodology development for
identifying and screening synergy opportunities and assessment of the applicability of
emerging technologies for achieving regional synergies. This report completes the first stage
of the best practice review, and is based on desktop study conducted between July 2004 and
March 2005 at Curtin University of Technology and the University of Queensland.

1.2 Project Scope and Methodology

The overall aim of this foundation project on regional synergies for Sustainable Resource
Processing is to encourage and facilitate the greater utilisation of regional synergy
opportunities to improve the overall eco-efficiency of resource processing intensive regions,
Le. to improve at the regional level the ratios between economic outcomes (‘value creation’)
and environmental outcomes (in particular the use of natural resources, emissions in the
environment and impact on nature). In scoping the research it was found that despite the
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consistent increase in the number of examples of regional synergies, nationally and
internationally, many of these appeared to have been more opportunistic than deliberately
designed. This justified the hypothesis that deliberate design of regional synergies is in
principle possible, provided practical tools are developed and trialled for the systematic
identification, evaluation and realisation of synergy opportunities, including the necessary
technologies required for their successful implementation.

The research was therefore structured in three research tasks, namely:

1. Review, Development and Promotion of Best Practices in Regional Synergies: collation and review of
existing examples of regional synergies (in particular those involving minerals processing
operations), extraction of best practices and the documentation and promotion of
examples, including industry and government liaison to seed and support regional
synergy initiatives in minerals processing intensive regions (including Kwinana and
Gladstone, but not limited thereto).

2. Develop and Trial a Regional Eco-Efficiency Opportunity Assessment Methodology: provide a
systematic method for identifying, screening and developing synergy projects in minerals
processing intensive regions.

3. Conduct Technology Assessments for Enabling Synergy Technologies: assess whether and how
existing and emerging technologies for application and recovery of low grade resources
(e.g. heat, water, materials) can be applied to successfully achieve regional synergies in
minerals processing intensive regions.

The inter-relatedness of the project tasks and interaction with the practical case studies in
Kwinana and Gladstone is illustrated in Figure 1.1.

Figure 1.1 Overview of project tasks.

Task 1:
Review and Promote |«
Best Practice

y

Task 3: Task 2:
Conduct 'mps'eme"t_a“"_" °flRefig"a' Develop and Pilot Test
ynergies in selecte .

TeChnOIOQY | minerals processing » o . _Reglonal Eco- .
Assessments for intensive regions Efficiency Opportunity
Synergy (including Kwinana and Assessment

. Gladstone)
Technologies Methodology
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This (status) report contains the results of the first part of the research under task 1. This
comprised an extensive review of existing examples of regional synergies (or Industrial
Symbiosis), nationally and internationally, and the tools and technologies used therein to
facilitate the generation and implementation of regional synergies. Successful (and un-
successful) regional synergy initiatives have been reviewed and deconstructed - on the basis
of existing information in the public domain - to identify key drivers and underlying
principles that can be used to structure the design and realisation of regional synergies.

1.3 Report Overview

The remainder of this status report is organised in five chapters. Chapters 2 and 3 deal with
the concepts and practice of regional synergy development, whereas Chapters 4 and 5 cover
complementary fields to review their potential contribution to regional synergy
development. The concluding Chapter 6 draws together the main findings from each of the
components and explores their implications for regional synergy development in minerals
processing-intensive areas.

In greater detail, the content of the four main chapters is as follows:

*  Chapter 2 (Concepts and Perspectives) provides a brief overview of the concepts,
terminology and methodology developed so far, both for Industrial Ecology in
general as well as for the specific subset of Industrial Symbiosis which is principally
concerned with the exchanges of by-products, energy, water, waste and other
utilities between closely situated firms.

*  Chapter 3 (Current Applications of Industrial Symbiosis) summarises the findings of
the review of leading national and international examples of regional synergy
development. The examples have been selected for their potential relevance for
regional synergy development in minerals processing intensive regions, and are being
reviewed with regard to their contributions to sustainable development, as well as
the processes established and methods employed for their realisation.

" Chapter 4 (Eco-Efficiency) provides a summary of key principles, practices and
methods used for the realisation of Eco-Efficiency in industrial operations. While
Eco-Efficiency is concerned with resource optimisation, environmental impact
reduction and productivity enhancements within the boundaries of one company,
this chapter explores how this experience can be extended over the company fence
to serve the development and implementation of regional resource synergies.

*  Chapter 5 (Technology Gaps and Opportunities) takes on a technological angle and
discusses technology needs and opportunities for key waste streams from minerals
processing operations. It thereby provides a perspective on the type of technologies
that might be required to achieve greater regional synergies in minerals processing
intensive regions.
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Chapter 2: CONCEPTS AND PERSPECTIVES
2.1 Background

Industrial Ecology comprises a rapidly evolving field of research, public policy and industrial
practice that is primarily aimed at achieving symbiosis between industrial production and
consumption and the natural ecosystem on which life on earth ultimately depends. The term
Industrial Ecology is regularly quoted as being both ‘provocative’ and “oxcymoronic’ (Graedel et al.
2003; van Berkel forthcoming) as it calls on industry and other stakeholders to re-design
industrial production within the limits of the earth carrying capacity, using natural systems
and processes as model, measure and mentor (Benyus 1997).

The field originated from taking a systems’ perspective at waste generation and resource
consumption in the design, manufacturing, use and disposal of industrial processes, products
and services. Although earlier references exist, Industrial Ecology was first put profoundly on
the environmental technology map by the seminal publication of Frosh and Gallopoulus in
1989 in the Scientific American (Frosh ez a/ 1989). They reviewed the environmental trade-
offs of selected ‘environmental innovations’, in particular of the extensive use of plastics for
light-weighting of (packaging) products, of the introduction of low emission iron and steel
technology, and of the use of platinum in catalytic exhaust converters. They hypothesised the
benefits from adopting a holistic, systems’ view of manufacturing “wastes from one industrial
process can serve as the raw materials for another, thereby reducing the impact of industry on the environment’
(Frosh et al 1989). Many different viewpoints have since surfaced, both supportive and
critical to the idea of using nature as a metaphor for industrial production and consumption.

This chapter presents pertinent concepts and perspectives in Industrial Ecology in the
context of their ability to maximise the potential for regional synergies to contribute to
Sustainable Resource Processing. Section 2.2 provides an overview of the Industrial Ecology
field, with its distinguishing features and principal subsets of scholarly interests and industrial
achievements. Section 2.3 focuses on Industrial Symbiosis, or the subset of Industrial
Ecology that is primarily concerned with resource efficiencies and synergies between co-
located firms. Section 2.4 contains closing observations regarding the state of theory and
methodology development for Industrial Ecology and Industrial Symbiosis, their reported
benefits, risks and challenges, and their applicability for achieving regional synergies for
Sustainable Resource Processing.

2.2 Industrial Ecology

Industrial Ecology is both “industrial and ‘ecological (Lifset et al. 2002). It is industrial in that it
focuses on product design and manufacturing processes. Industry is therefore viewed as the
primary agent for environmental improvement and innovation, as it possesses the
technological expertise, management capability and financial and other resources necessary
for successful execution of environmentally informed design of products and processes.
Industrial Ecology is ecological in at least two senses. Firstly, it looks to non-human ‘natural’
systems as models for industrial activity. Mature ecosystems are extremely effective in
recycling of resources and therefore promoted as exemplary models for effective recycling in
industry and society. Secondly, Industrial Ecology places industry — or technological activity —
in the context of the larger ecosystems that support it. This focuses Industrial Ecology on
examining the sources of resources used in industrial activity and the sinks that absorb and
detoxify the wastes discharged by society.

Despite Industrial Ecology now having been around as a term for some 15 years, its
boundaries remain fluid. This was already acknowledged in eatlier work (van Berkel ez 4/
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1997) which identified four distinct approaches to Industrial Ecology. One approach is
materials-specific. It analyses the way a material or substance flows through the industrial society
in order to identify, evaluate, and implement improvement opportunities, through for
example dematerialisation and resource cascading. A second approach is product-specific. It
analyses the ways in which different component material flows of a selected product may be
modified or redirected to optimise product functionality and environment interactions, in
particular through Design for the Environment. A third approach to Industrial Ecology is
regionally-focused. 1t aims at optimisation of the exchange of materials and energy between
industries at the local level, through the recovery and reuse of valuable components from
waste streams. The fourth approach can be characterised as actor-specific. 1t investigates the
opportunities and constraints facing different actors in the industrial society to change
material and product flows in an environmentally compatible direction. Applied to producers,
this actor-specific approach has much in common with the Cleaner Production, Pollution
Prevention, Waste Minimisation and/or Eco-Efficiency ((van Berkel 2002), (van Berkel
2000)).

An often quoted summary defines Industrial Ecology as 7he study of the flows of materials and
energy in industrial and consumer activities, of the effects of these flows on the environment, and of the
influences of economic, political, regulatory and social factors on the flow, use, and transformation of resources’
(White 1994). Along similar lines, (Cohen-Rosenthal 2004) states that the end concern of
Industrial Ecology is fairly easy to state. The goal is - at minimum - to generate the least
damage in industrial and ecological systems through the optimal circulation of materials and
energy. Highest value use with the least dissipation of resources forms therefore the core of
the systematic application of Industrial Ecology. As the question whether all energy and
material use or reuse connections are equally valid is rarely addressed, (Cohen-Rosenthal
2004) proposed two system conditions as guideposts. (i) The entropic effect of the transition
is less than other possible choices; and (ii) The next iteration of energy/material can be
transformed yet again into useful associations/cycles. This leads to a normative hierarchy of
material use and reuse, starting from ‘mecessity/efficiency’ (reducing material requirements
through Eco-Efficiency, Good Housekeeping, fit-for-use materials selection etc.); via ‘extended
us¢ (making materials last longer in each application through reuse, repair, remanufacturing),
‘pick-it apart’ (recovery of components through demanufacturing, disassembly, recycling etc)
and ‘back to basics’ (recovery of chemical elements and compounds, via e.g. chemical reactions
and nanochemistry) to ‘wse what is left’ (recovery and reuse of residual wastes, involving e.g.
mining from landfills, use for infill, and incineration with energy recovery).

The prime mechanism for achieving the optimal circulation of materials and energy is
through greater collaboration and coordination between industrial actors, so that they become
increasingly interconnected in an eco-industrial system. The choice of the optimisation
domain for the material and energy flows thus influences the nature of the coordination
problem. As per (Boons ez al. 1997) the following types of boundaries are conceivable: product
life ¢ycle (boundary of the industrial ecosystem is drawn around the economic actors which are
connected with a specific product); materials life cycle (the boundary of the industrial ecosystem
is drawn around actors dealing with a specific material); geagraphic area (the boundary of the
industrial ecosystem is geographically defined, thereby usually excluding the consumption of
end-products from the system); sectora/ (the boundary of the industrial ecosystem is drawn
around companies performing similar activities); or miscellaneons (where the industrial
ecosystem is not well demarcated, but involves a loose collection of producers and recyclers
of categories of waste materials). The nature of the issues in the coordination of the economic
actors in the industrial ecosystems is largely defined by such boundary choice, as are the
management options to achieve cooperation. For example, product life cycle systems already
achieve coordination through customer-supplier relationships (supply chain management), as
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do sectoral systems through technical cooperation facilitated by industry sector and
professional associations. However, for geographic bound systems, coordination and
dependency are not automatically present. Although in practice many systems will have
hybrid demarcations on e.g. sectot, region and/or materials cycle, such hybrid systems have
not been explicitly studied.

Isenman (2003) provides an extensive review of the appropriateness of using natural ecology
as a normative framework for industrial systems of production and consumption. Despite
conceptual and philosophical concerns, he concludes that Industrial Ecology is “characterised by
the refreshingly unorthodox use of nature as a model appreciated as an expedient ideal in order to gain
valnable insight for theory and to learn to deal with natural resources and services in practice” (Isenman
2003). Moreover, he suggested that Industrial Ecology is best described by its five distinctive
characteristics:

1. Core Idea (Industrial Symbiosis): thinking about economy - environment interactions,
viewing economic systems and their surrounding natural systems in concert rather than in
isolation and looking for ways to make the natural and economic systems compatible.

2. Fundamental Perspective (Nature as a Model): using nature to learn from and discover new
insights for dealing with industrial activity, however not as an uncritical justification for
replication of natural principles and concepts in the economic system.

3. Basic Goal (Balance Industrial —Ecological Systems): to balance the development of industrial
systems with the constraints of natural ecosystems.

4. Working Definition (Science of Sustainability): key attributes are systemic and integrated view
of all material and energetic components of industrial economy, including its relations
with the biosphere; explicit emphasis on the biophysical substratum of industrial activities
representing all material and energy; and recognition that technological progress is a
crucial but not exclusive element towards sustainability.

5. Main Objects (Products, Processes, Services and Wastes): the focus is on products, processes,
services and wastes, at different aggregation levels of material and energy flows,
containing local, regional and global scales.

Isenmann’s fundamental perspective of ‘using nature as a model” can be further disentangled
into ‘the metaphor of natural ecosystems’ and the ‘natural analogy’ Elsewhere (van Berkel
forthcoming) this distinction is used to codify the Industrial Ecology field in systems
applications and product/process applications. System applications are primarily based on the
metaphor of natural ecosystems. These are principally concerned with the application of ecosystem
principles, most importantly the circular flows of materials powered by solar energy, to
industrial activity. Resource flows (materials, energy, etc) are the objects in the systems stream
of Industrial Ecology and the strategic intent is to minimise the disturbance of natural
resource flows by man-made resource flows. Product- and process-applications of Industrial
Ecology are primarily based on the natural analogy. These are principally concerned with
mimicking natural, biological, chemical, physical and geological processes and materials in
industrial applications. Biological and other natural processes are the objects in the products
and processes stream of Industrial Ecology and the strategic intent is to develop new
processes and products that are more resource efficient and compatible with nature then the
existing industrial processes and products these replace. Table 2.1 provides examples of
subsets of Industrial Ecology activities under both the systems and product/process streams.
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Table 2.1 Systems and product applications in Industrial Ecology (van Berkel forthcoming)

INDUSTRIAL ECOLOGY

SYSTEMS APPLICATIONS

PRODUCT/PROCESS APPLICATIONS

Industrial Metabolism:

Studies the integrated collection of physical processes that
convert raw materials and energy, plus labor, into finished
products and wastes in a (more or less) steady-state condition
(Ayres 1994). It is primarily concerned with the notion of
consistency of industrial metabolism and natural metabolism,
as reflected in normative frameworks such as The Natural
Step (e.g. (Robert 2003)) and Natural Capitalism (e.g.
(Hawken et al. 1999)).

Biomimicry:

Uses nature as a source of inspiration, as
Model, Measure and Mentor to inspire the
development of cleaner products, materials
and processes (Benyus 1997).

Materials Flow Analysis (MFA):

Analysis of the throughput of process chains comprising of
extraction or  harvest, chemicals transformation,
manufacturing, consumption, recycling and disposal of
materials (Bringezu ez 4/ 2002). MFA develops accounts in
physical units (usually in terms of tons) to quantify the inputs
and outputs of those processes. The accounts can be made
for natural or technical compounds or ‘bulk’ materials (for
example wood, coal) on the one hand and chemically defined
substances (for example, carbon or carbondioxide) on the
other hand. The latter is also known as Substance Flow
Analysis (SFA).

Green Chemistry:

Design, development, and implementation
of chemical products or processes to
reduce or eliminate the use and generation
of hazardous and toxic substances
(Hjerisen ez al 2002). 12 Principles of
Green Chemistry (Anastas e o/ 1998) have
structured the development of Green
Chemistry as a research discipline and
industrial practice. These are further
discussed in section 4.3.1.2.

Industrial Symbiosis:

Engaging traditionally separate industries in a collective
approach to competitive advantage involving physical
exchange of materials, energy, water, and/ot by-products.
The keys to Industrial Symbiosis are collaboration and the
synergistic possibilities offered by geographic proximity
(Chertow 2000).

Focuses on how to achieve sustainability
through science and technology. Provides
12 principles for consideration in the
design of new materials, products,
processes and systems that are benign to
human health and the environment
(Anastas ef al. 2003). These principles are
further discussed in section 4.3.1.3.

2.3 Industrial Symbiosis

Industrial Symbiosis deals with the exchange of by-products, energy, water and emissions
among closely situated firms. It is perhaps the best-known application of Industrial Ecology
principles. Because of the many links among the firms an industrial area is transformed into
an ‘industrial ecosystem’ or ‘Industrial Symbiosis’. Chertow provides the following definition
“Industrial Symbiosis engages traditionally separate industries in a collective approach to competitive advantage
involving physical exchange of materials, energy, water, and/ or by-products. The keys to Industrial Symbiosis
are collaboration and the synergistic possibilities offered by geographic proximity” (Chertow 2000).

Several other terms are used in the literature, including “by-product synergy”,” by-product
exchange”, “eco-industrial park”; “eco-industrial network” or “industrial ecosystem”. Table
2.2 provides some definitions. Depending on the system boundaries, specifics of the project,
its management umbrella, or even the geographical location, the above expressions may vary
but generally they are used interchangeably. Regardless of the specific terminology in use,
these initiatives have one thing in common: their implementation aims at ‘creating a system for
trading material, energy, and water by-products among companies, usnally within a park, neighbonrhood, or

region’ (Lowe 2001).
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Table 2.2 Concepts and definitions in Industrial Symbiosis

The part of Industrial Ecology, which engages traditionally separate entities in a collective
approach to competitive advantage involving physical exchange of materials, energy, water
and by-products. The keys to Industrial Symbiosis are collaboration and the synergistic
possibilities offered by geographic proximity (Chertow 2000).

Industrial Symbiosis

The synergy among diverse industries, agriculture, and communities resulting in profitable
conversion of by-products and waste to resources promoting sustainability (BCSD-GM
1997).

.. a set of companies secking to utilise each other's by-products (energy, water, and
materials) rather than disposing of them as waste (Lowe 2001).

By-product Synergy

By-product Exchange

Eco-Industrial Park or ... an industrial park developed and managed as a real estate development enterprise and
Estate secking high environmental, economic, and social benefits as well as business excellence
(Lowe 2001).

...a set of companies collaborating to improve their environmental, social, and economic
performance in a region (Lowe 2001).

Eco-Industrial
Network

In an Industrial Ecosystem, the traditional model of industrial activity is transformed into
a more integrated system, in which the consumption of energy and materials is optimised
and the effluents of one process serve as the raw material for another process (Frosh ez al.

1989).

Industrial Ecosystem

Optimisation of material and energy flows within the industrial area is the distinctive

organising principle for Industrial Symbiosis. The natural ecosystem metaphor can however

be extended to the principles that drive the development ecosystems in nature. Such

development of natural ecosystems is driven by four principles, respectively (Korhonen

2001):

1. Roundput: recycling of energy (‘utilisation of residual energy’) happens through cascading
in food chains with the only driver of the system being the input of infinite solar energy;

2. Diversity: diversity in species, organisms, interdependency and cooperation enhances
ecosystem survival;

3. Locality: actors in the ecosystem adapt to the local environmental conditions and
cooperate with their surroundings in diverse interdependent relationships;

4. Gradual change: information transfer and change happen through reproduction, which is a
slow process.

Table 2.3 illustrates how these ecosystem principles can be applied to regional eco-industrial
systems.

Table 2.3 Ecosystem principles applied to natural and industrial ecosystems (adapted from

(Korhonen 2001)
ECOSYSTEM
PRINCIPLES IN NATURAL ECOSYSTEM IN INDUSTRIAL ECOSYSTEM
1. Roundput ® Recycling of matter " Recycling of matter
Cascading of energy Cascading of energy
2. Diversity Biodiversity Diversity in actors, in interdependency, and

Diversity in species, organisms
Diversity in interdependency and co-operation

Diversity in information

in co-operation

Diversity in industrial input and output

Cyclical time, seasons time

Slow time rates in development of system diversity

3. Locality Utilising local resources Utilising local resources, wastes
Respecting the local natural limiting factors Respecting the local natural limiting factors
Local interdependency and co-operation Co-operation between local actors
4. Gradual Evolution using solar energy Using waste material and energy and
change Evolution through reproduction renewable resources

Gradual development of the system
diversity
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The most prominent example of how an industrial ecosystem can develop is found at
Kalundborg in Denmark, an example that came first into the international spotlight shortly
after the seminal publication of Frosh and Gallopolus in the Scientific American in 1989. At
the core of this industrial system is the Asnaes Power Station (coal fired), which provides
steam to the Statoil Refinery and Novo Nordisk pharmaceutical plant. In return, Statoil
Refinery provides fuel gas and cooling and waste utility water to the Asnaes Power Station.
The adjacent Gyproc Wallboard plant utilises fuel gas from the refinery, and scrubber sludge
from the power station. The fly ash from the power station is further processed as cement
and road aggregate. Waste heat, both from the refinery and the power station was initially
provided to greenhouses, but this has recently changed to provide waste heat to fish farms
and district heating. Finally, sulphur from the refinery is shipped to the Kemira Acid Plant,
while Novo Nordisk’s Pharmaceutical plant provides treated sewerage sludge as fertiliser to
neighbouring farms. The current system is the result of a dynamic evolution over about four
decades. The ‘twinning’ between the three key process industries (power station, refinery and
pharmaceutical plant) is generally regarded as the critical success factor at Kalundborg, since
each provides large volume waste streams with valuable by-products on a continuous basis
((Ehrenfeld e al. 1997). The principal linkages and their environmental outcomes are
illustrated in Figure 2.1 and Table 2.4 below. Other examples and their achievements are
summarised in Chapter 3.

Figure 2.1 Kalundborg industrial ecosystem

Sulphur Waste heat
KEMIRA ACID PLANT STATOIL REFINERY GREENHOUSES
>
Waste
Fuel gas heat
Steam Cooling
water > DISTRICT HEATING
Y \
> GYPROC WALLBOARD
ASNAES POWER STATION - PLANT
Scrubber
sludge
» FisH FARM
Steam Waste heat S S
NEIGHBOURING Novo NoRbisk
FARMS PHARMACEUTICAL CEMENT AND ROAD
< PLANT > AGGREGATE
Treated sludge Fly ash
for fertiliser
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Table 2.4 Environmental benefits from Industrial Symbiosis at Kalundborg (source: Ebrenfeld et

all, 1997).

Water savings Statoil — 1.2 million cubic meters from Asnaes
(Novo Nordisk — 0.9 million cubic meters available but not yet utilised)

Fuel savings Asnaes — 30,000 ton of coal (about 2 % of throughput) by using Statoil fuel gas
About 19,000 tons of oil use by using fuel gas from Statoil in Novo Nordisk’s
boilers and Gyproc dryer fuel
Community heating via waste steam from Asnaes

Input chemicals Fertiliser equivalent to Novo Nordisk’s sludge (about 800 tons nitrogen and 400
tons phosphorous)

2,800 tons sulphur
80,000 tons of gypsum
WASTES AVOIDED THROUGH INTERCHANGES

Fly-ash and clinker 200,000 tons fly-ash and clinker from Asnaes (diverted from landfill)

Scubber sludge 80,000 tons of scrubber sludge from Asnaes (diverted from landfill)

Sulphur (as H2S) 2,800 tons from fluegas from Statoil (diverted from air emissions)

Waste water sludge 1,000,000 tons from Novo Nordisk (diverted from sea disposal)

Sulphur (as SO2) 1,500-2,500 tons SO2 avoided by substituting coal and oil (diverted from air
emissions)

Greenhouse gases 130,000 ton CO2 avoided by substituting coal and oil (diverted from air emissions)

In the absence of the co-location of two or preferably even more major process industries it
may not be possible to develop a significant Industrial Symbiosis. Manufacturing industries,
often the largest segment at any industrial estate, typically produce comparatively small
volumes of mono-material waste streams (arising as cut-off’s from input materials) and a
mixed waste stream comprising of production rejects, packaging and other production waste.
The mono-material stream is most valuable for reuse or down cycling in other industries. It is,
however, only available in smaller quantities often with large fluctuations in volume over time
and is generally only valuable to industries in the same sector. These factors make it difficult
to achieve positive economies for symbiosis on mono-material streams within any given
industrial estate. The mixed waste stream from manufacturing industries is not fundamentally
different from the general municipal waste stream and likewise it has limited potential and
economic value for direct reuse by industries. In sum, it may not be easy to design ‘ex-ante’
Industrial Symbiosis at the scale of the Kalundborg system. However on a more modest scale
it may well be possible to develop symbiotic relations between companies, as for example
demonstrated by the experience of the Business Council for Sustainable Development in the
Gulf of Mexico (BCSD-GM 1997) and in the UK by the National Industrial Symbiosis
Program (NISP 2004). Companies and their employees have seen business opportunities to
reduce costs, increase revenue and/or reduce resource vulnerability by engaging in resource
exchanges with their neighbours.

The Kalundborg example (and others as discussed in Chapter 3) is widely deemed to be the
spontaneous result of several distinct, bilateral deals between company employees who sought
to reduce waste treatment and disposal costs, to gain access to cheaper materials and energy,
and to generate income from production residues (Desrochers 2004). The emergence of
industrial ecosystem developments, therefore appears to have been the result of natural or
spontaneous developments. In other words, such diverse regional resource exchange
networks seem to self-organise rather than arise out of specific planning processes (Korhonen
et al. 2002).
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There is a perception among many that a more proactive approach, either through planning
and public policy (e.g. (Lowe 1997; Lowe 2001; UNEP 1997)) and/or through engineering
design (e.g. (Hawken ez a/ 1999)), would catalyse the wider uptake of Industrial Symbiosis
ideas, with deeper, more significant and more beneficial resource exchanges. (Desrochers
2004), however, warns against blind optimism for planned Industrial Symbiosis, given the
poor track record and inherent inefficiencies of planning economies. (Baas e a/. 2004) have
therefore applied a social sciences analytical framework to propose a prescriptive approach to
fostering inter-industry coordination and cooperation for Industrial Symbiosis. They start to
view Industrial Symbiosis as an extension of the traditional categoties of ‘collective competitive
goods’ that networked industrial clusters provide (i.e. the ability of industrial districts to
produce training and educational facilities, local investment schemes, collective approaches to
global marketing etc.). Their theory is that Industrial Symbiosis in brown-fields will evolve
through three stages: regional efficiency (characterised by autonomous decision making by firms
complemented with coordination with local firms to decrease inefficiencies through e.g. utility
sharing); regional learning (based on mutual recognition and trust, firms and other partners
exchange knowledge, and broaden the definition of sustainability on which they act); and
sustainable industrial district (actors develop an — evolving — strategic vision on sustainability and
base their activities on this vision).

Lambert ef al. (2002) provide a useful framework for analysing and promoting eco-industrial
parks. The primary distinction is between industrial complexes (consisting of concentrations
of materials and energy intensive industries which intrinsically are interconnected) and mixed
industrial parks (usually housing a variety of small to medium sized enterprises). Apart from
this, a third approach is to study the region, which includes interactions between
communities, industries and land users. Within each category, a distinction can be made
between brown-field sites (redevelopment from existing land uses) and green-field sites (first
development of new industrial parks). The resulting typology is summarised in Table 2.5.
Industrial complexes usually spontaneously develop exchange networks for utilities, residual
products, etc. (as evidenced by the industrial complexes studied for instance in Styria
(Austria), Ruhr Area (Germany), Rijnmond (The Netherlands) and Kwinana (Australia)).
Most of the heavy industries attain economic benefits with materials exchange. However a
further extension of such networks to lower grade residual flows, such as residual heat, often
appears to fail, due to large preparation times in relation to internal dynamics of the system,
high investment costs, and uncertainties in the markets and energy and other resource prices
as examples. Most promising are the opportunities for clustering in greenfield areas or for fill-
in in brownfield areas. Whether and how further synergies and exchanges can be realised
through concerted facilitating efforts in existing complexes remains largely unresolved. Mixed
industrial parks do not have an in-built incentive towards Industrial Symbiosis. Material and
energy costs represent a much lower share of total operating costs for the light industries
typically located in mixed industrial parks, and most manufacturing and service industries
have significant variability in their resource consumption and waste and by-product
generation over time. Government intervention for the operation of waste exchange type
services can be effective in establishing and improving recycling networks in mixed industrial
parks (e.g. (Kincaid ez a/. 2001)).
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Table 2.5 Typology for Eco-Industrial Park Development (source:(Lambert et al. 2002))

Industrial Complexes
(Geographically
activities, mainly process industries, with
tight couplings of a relatively small number
of materials and energy intensive production
processes)

concentrated  industrial

Greenfield

Development of a new complex of industrial activities with
tight physical couplings, taking into account the ecological
impact of the complex in designing it

Brownfield
The revitalisation of an existing industrial complex using
reduction of the ecological impact as one of the goals

Mixed Industrial Parks

(Industrial activities, mainly SMEs, which are
concentrated in dedicated areas, of a very
diverse nature with no or little coupling of
production processes)

Greenfield

The development of a new industrial patk, addressing
ecological issues in the different stages of the development
process

Brownfield
The revitalisation of an existing industrial park taking the
reduction of environmental impact as one of the goals

Eco Industrial Regions

(Industrial activities in a larger geographic or
administrative atrea, usually referring to a
diversity of industries, but often with a

Greenfield

Developing and industrialising a region according to a well
defined concept that includes the reduction of the
environmental impact

definite specialisation) Brownfield
Also called: virtual eco-industrial parks Restructuring an existing industrial region, often based on
definite  regional  qualities and  accounting for

environmental performance

2.4 Concluding Remarks

The notion of creating regional resource synergies to improve industry’s contribution to
sustainable development at the regional level is deeply rooted in Industrial Ecology and
Industrial Symbiosis. Even though these — and other — terms are used interchangeably, it
appears preferable to view Industrial Ecology more broadly as looking at nature as a model
for the optimisation of materials and energy flows and inspiration for environmentally-
oriented product and process design, and Industrial Symbiosis more narrowly as being
concerned with exchanges of previously ‘wasted” by-products between firms in close
geographic proximity.

The review of concepts and principles presented here illustrates that theory, methodology and
policy for the deliberate creation of regional resource exchange networks are still in their
infancy. There is a general appreciation that Industrial Symbiosis does work and can manifest
itself in many different ways, with regard to, for example, the types of resource exchanges and
their environmental and economic benefits, the nature of coordination and cooperation
between businesses and other actors, and the maturity of the symbiosis.. Some claim that the
scope for synergies is limited only by the imagination and openness of companies (Cohen-
Rosenthal 2000), while others are more cautious. Self-organisation emerges as a key success
factor for the creation of regional synergies. However, self-organisation is unlikely to be
successful in the absence of dedicated resources for analysing materials and energy flow data,
bringing together businesses, and developing synergy opportunities. In turn, this underpins
the importance of facilitation to provide a platform for self-organisation to happen which
could be referred to as “transition management”. It is without doubt that (environmental)
legislation, industry policy, resource economics and technology can all act as serious barriers
to self-organisation for Industrial Symbiosis, but the picture is less clear as to whether and
how each can be turned into an incentive or enabler for Industrial Symbiosis.
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The literature does not provide for any specific consideration of the applicability of Industrial
Ecology and Industrial Symbiosis for minerals processing and metals production. There is
however the prediction in (Lambert ez a/. 2002) that self-organisation is more likely to happen
in materials- and energy intensive industrial complexes, which one would expect to then apply
to minerals processing and metals production. In order to move beyond general industry
observations, chapter 3 will focus on review of selected examples of Industrial Symbiosis,
which include minerals processing and metals production facilities.
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Chapter 3: CURRENT APPLICATIONS OF INDUSTRIAL
SYMBIOSIS

3.1 Introduction

Chapter 2 showed that the principal idea behind Industrial Symbiosis is both compelling and
in principle supportive of economic development, environmental protection and social
advancement, the three pillars of sustainable development. This chapter reviews practical
applications of Industrial Symbiosis to assess whether and how the in principle potential of
Industrial Symbiosis is being achieved in various parts of the world. This review focuses on
heavy industrial areas, as lessons learned from such areas will have greatest applicability for
Sustainable Resource Processing.

The objective of this review is to evaluate best practice international experience in regard to
regional synergy development. It aims to provide a global picture of Industrial Symbiosis
activity (current and in the past), to gather information about tools and technologies that
have been used, drivers and barriers that have been identified elsewhere, and to assess
whether the collected information could be used for the benefit of escalating the symbiotic
relationships in industrial areas. An extensive literature search was conducted to identify and
select relevant case studies for this review from scientific journals, magazines, conference
proceedings, publicly available consultancy reports, local, state and federal government
reports, as well as web-based case studies. The case studies were chosen on the basis of
presence of heavy industries, specifically industries belonging to the resource processing
sector (inclusive of oil refineries).

The focus of the review is threefold, namely:

1. To assess the practical applicability of Industrial Symbiosis, and its potential to
contribute to sustainable development;

2. To review how Industrial Symbiosis opportunities have been identified in the respective
industrial areas; and

3. To identify key enabling technologies (and/ot technology needs) for achieving greater
Industrial Symbiosis.

The review includes both Australian as well as international examples. They are discussed
separately, primarily because much greater detail is available for the Australian case studies
due to the parallel CSRP research projects in Kwinana (3B1) and Gladstone (3C1). This
chapter therefore starts with a summary and review of international examples (section 3.2),
followed by the summary of the Australian examples (section 3.3). Section 3.4 contains the
comparative assessment of the international examples and addresses tools, drivers,
technologies and other issues. The final section 3.5 discusses conclusions from the review
and focuses on implications for research and implementation of regional synergies through
the CSRP.

3.2 International Examples

Industrial areas where (heavy) industries co-locate are abundant right across the world. In
many cases waste heat, effluents or solid by-products from a single operation are currently
not utilised, but could be beneficially used in another operation. Cascading waste energy,
wastewater and wastes is commonly practiced between different parts of large industrial
operations (such as oil refineries, foundries, industrial chemicals, car manufacturing or food
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processing plants). Industrial Symbiosis seems to provide the basis to adopt these practices
within a network of industries.

3.2.1 Case Study Selection

The findings of this search for examples of Industrial Symbiosis confirms Lowe (2001) who
reported that it was difficult to gather more than anecdotal reports for the achievements of
various Industrial Symbiosis projects. Many reports only include qualitative information and
have very limited data on features as basic as the nature of industries involved. Many reports
seem to lack information on the companies participating in the projects, and the listing of
the synergies in some of the cases is unclear to whether these resource exchanges are real, or
are only identified as opportunities that still need to be assessed and implemented when
proven feasible.

The first inventory identified 60+ eco-industrial estates/parks for which some type of
Industrial Symbiosis relationship presumably exists. However few were selected for
inclusion in this best practice review, given lack of information on the others. The selection
of 16 examples for this review was therefore very much driven by information availability
and perceived applicability for the resource processing industry (as reflected in presence of
heavy processing industries in the selected areas). The 16 case studies cover a variety of
programs, research and consultancy projects as well as one-off studies of selected regions,
where at least one of the participating companies can be associated with the resource
processing sector.

The case studies listed below were selected (in alphabetical order) with respective references.
Their geographical location is illustrated on Figure 3.1:

»  Alberta, Canada, (Dias ez a/. 2001), (Applied Sustainability (n.d.))

* Golden Horseshoe, Canada (Dias e a/. 2001), (Hatch 2002)

*  Guayama, Puerto Rico (Chertow e al. 2004)

* Kalundborg, Denmark (Ehrenfeld ez 2/ 1997), (Jacobsen 2003)

» Kawasaki Zero Emission industrial Park, Japan (Lowe 2001), ICETT (n.d.))
* Map Ta Phut, Thailand (GTZ 2000), (Homchean 2004)

*  Montreal, Canada (Nisbet ez a/. 1997)

* National Industrial Symbiosis Programme (NISP), UK (BCSD-UK 2003), (Mirata
2004), (NISP 2004)

* North Texas, USA (Dias ez a/. 2001)

*  Ora Ecopark, Norway (Thoresen 2000)

" Quebec, Canada (Dias e a/. 2001), (Hatch 2001)

* Rotterdam, The Netherlands (Baas 1998), (Baas ez a/. 2004)
* Saint John, New Brunswick, Canada (Nisbet ez a/. 1999)

» Sarnia-Lambton, Canada (Venta ¢z al. 1997)

" Styria, Austria (Schwarz ez al. 1997)

* Tampico, Mexico (Young 1999), (Dias ez a/. 2001)
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Figure 3.1 Case studies - geographical location
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The large number of North American case studies could be attributed to Hatch, the
Toronto-based engineering and consulting firm, which partnered with a number of local
agencies and businesses to launch regional eco-industrial networking projects. These so
called By-Product Synergy (BPS) Projects were executed in Alberta, Montreal, Golden
Horseshoe (all in Canada), Tampico (Mexico), and North Texas (USA). The reports
prepared for these individual projects are very detailed and cover not only the development
of a project in its consecutive steps, and detailed description of synergy opportunities, but
also cover issues such as drivers, barriers, benefits, outcomes and lessons learned. These
reports are available at Hatch, Canada web site: www.hatch.ca

In 1997 Environment Canada commissioned JAN Consultants, with the cooperation of
local research and industrial partners, to carry out studies in Sarnia-Lambton, Saint John and
Montreal in Canada on opportunities for eco-industrial networking in these industrial areas.
The purpose of these case studies was to take stock of the existing synergies to identify what
are the drivers and barriers behind such partnerships and to establish the principles for
developing networks in other industrialised areas. It appears it was the flavour of the month
at some point, currently well forgotten. Industrial Ecology and some of the reports are
mentioned on  the technical part of Environment Canada web site
http://www.ec.gc.ca/energ/industry/tech e.htm#industrial, which was last updated in
2001. As there are two independent studies carried out for Montreal, covering different
industrial areas and featuring different industrial partners they are distinguished in this report
as Montreal (carried out in 1997) and Quebec (carried out in 2000).

The other the case studies have developed in their own particular ways, either as an eco-
industrial specific project or as a follow up initiative. Some of them, in particular
Kalundborg in Denmark and MapTa Phut in Thailand, have opportunistically developed
industrial partnerships over the years.
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The National Industry Symbiosis Programme (NISP) in the UK may not have a
heavy/resource processing industry representation but the example is covered for its unique
widespread approach and expansion. The original participating companies include an oil
refinery, power stations, cobalt and nickel salts manufacturer, variety of chemicals
manufacturers, industrial plastics manufacturer, etc. One of the synergies involves a titanium
dioxide manufacturer, while another involves major steel manufacturers, which leads to the
assumption that these industries are active participants in the programme. Another reason to
include NISP in this review is the number and variety of synergies either implemented or in
the pipeline, that can contribute to the knowledge base being built for the purposes of
identification and further implementation of new synergies in Kwinana and Gladstone, as
well as providing valuable information for the development of the eco-efficiency
opportunity assessment methodology (task 2 of this research project, as described in section
1.2).

There are few new projects that could potentially qualify for inclusion in this comparative
review, apart from the New Jersey by-product synergy project launched in 2002 and Gulf
Coast project, which is under establishment (both in USA). Due to very limited available
information on the participating industrial partners, these are not covered in the present
review. Another one that deserves to be mentioned is the by-product synergy (slag as raw
material for cement) between Chaparral Steel Company and its parent company, Texas
Industries, a manufacturer of Portland cement. As this bilateral synergy between companies
within a same group is the only synergy, the example has not been included in the review.

In 1999 an Alberta’s Industrial Heartland (AIH) Inventory was carried out to outline the
existing industries and infrastructure in the region (AIH 2000). The AIH covers four
municipalities (Strathcona County, City of Fort Saskatchewan, Sturgeon County and Lamont
County) adjacent to Edmonton, Alberta's Capital City, comprising an area of 194 square
kilometres. The region has no port facilities and is establishing itself as a globally competitive
heavy industrial area, mainly for petrochemical processing. The study collected data on
product flows and supply chain interactions, revealing examples of some beneficial use of
hydrogen and carbon dioxide as well as the availability of co-generation facilities. This study
is not discussed here as information on waste flows was not obtained, and the report focuses
on the available chemical feedstocks, not by-products.

3.2.2 Case Studies Description
The regional synergies examples are summarised below:

" Alberta, Canada - Eighty-five Alberta businesses and other participants were
invited to an informational meeting in September 1998. By January 1999, a core
group of industries and organisations had been mobilised and the data collection
was initiated in February. Participants identified more than 80 potential synergies
with more than 30 different materials. Many in the group had been aware of these
synergy ideas, but found that the by-product synergy project had propelled them
into activating the synergy ideas (Applied Sustainability (n.d.); Dias ez 2/ 2001).

" Golden Horseshoe, Canada - The Golden Horseshoe is the region surrounding
Lake Ontario on the Canadian side. The by-product synergy project started initially
with 95 participants in January 2001 at the first of eight working meetings in total.
The number of participants has been reduced down to 22 companies and 5

organisations due to economic slowdown and company restructuring (Dias e/ al.
2001; Hatch 2002).
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"  Guayama, Puerto Rico - the municipality of Guayama on the southern coast of
Puerto Rico covers 169 km? and has a population of approximately 42,000. The
current industrial profile began to develop in the 1950s, as Guayama primarily had
before been agricultural with some light manufacturing. Puerto Rico is a
commonwealth of the US, thus sharing many of its laws and business practices.

Spontaneous development began in 2002 when a coal-fired power plant was brought
online (Chertow ez al. 2004).

» Kalundborg, Denmark - Kalundborg Municipality has approximately 20,000
inhabitants, and its network is the most published example of Industrial Symbiosis.
The history of Kalundborg Industrial Symbiosis activities began in 1961 when a
project was developed and implemented to use surface water from Lake Tisso for a
new oil refinery in order to save the limited supplies of ground water. The City of
Kalundborg took the responsibility for building the pipeline while the refinery
financed it. Starting from this initial collaboration, a number of other collaborative
projects were subsequently introduced and the number of partners gradually
increased. By the end of the 1980's, the partners realised that they had effectively
"self-organised" into what is probably the best-known example of Industrial Symbiosis.
The material exchanges in the Kalundborg region include: conservation of natural
and financial resources; reduction in production, material, energy, insurance and
treatment costs and liabilities; improved operating efficiency; quality control;
improved health of the local population and public image; and realisation of

potential income through the sale of by-products and waste materials (Ehrenfeld ez
al. 1997; Jacobsen 2003).

" Kawasaki Zero Emission industrial Park, Japan - Kawasaki City is home of one
of Japan’s oldest and largest industrial parks. Established in 1902, Kawasaki Coastal
Industrial Area houses over 50 heavy industrial enterprises, including oil refineries,
steel manufacturer, power station and chemical manufacturers. During the 1970s the
city and the industrial park were considered one of Japan’s most contaminated areas.
In 1997 the city of Kawasaki designated approximately 2,800 ha of water front
property as its Eco-town Project site. It is anticipated that that the various industrial
and business functions present in the zone will produce combinations needed to
foster a globally-competitive, resource recycling industrial system (ICETT (n.d.);
Lowe 2001).

"  Map Ta Phut, Thailand - Map Ta Phut Industrial Estate was established in 1985
under management of the Industrial Estate Authority of Thailand (IEAT). The
Estate is one of the twenty-nine estates in Thailand and it is the biggest one located
in Rayong Province. It has been reserved for the petrochemical industry and its

downstream processes to enhance the value of natural gas reserves from the Gulf of
Thailand (GTZ 2000; Homchean 2004).

"  Montreal, Canada - The success of Kalundborg sparked interest in Montreal. A
study was conducted for a number of industrialised areas in the Montreal region to
identify the extent to which partnerships and networks had been formed, and if not,
to identify factors that have inhibited them (Nisbet ez @/ 1997). The study analyses
successful cases and documents delayed or failed projects while looking for potential
opportunities in mature industrialized areas. It also identifies the drivers and key
factors for success. The study covers four industrial parks, spread over a large
geographical area. The abundance of resource recovery operators facilitated the
recovery and reuse of by-products in the region.

June 2005 Page 27 of 116



Regional Synergies for Sustainable Resource Processing: a Status Report [‘ ']

Chapter 3: Current Applications of Industrial Ecology '

"  National Industrial Symbiosis Programme (NISP), UK - The National
Industrial Symbiosis Programme (NISP) is the first Industrial Symbiosis initiative of
its kind in the world launched on a national scale and is at the forefront of Industrial
Symbiosis thinking and practice in the UK. The programme is not exclusive to any
particular resource and addresses raw materials, by-products, human resources,
logistics, services, waste, energy and water. NISP is supported by UK Government
and by industry organisations. The programme brings together companies to
identify synergies that will lead to greater resource efficiency. Target regions where
Industrial Symbiosis programs are at various stages of development are: Yorkshire
and the Humber (Humber Industrial Symbiosis Project), West Midlands (West
Midlands Industrial Symbiosis Project), North West (Mersey Banks Industrial
Symbiosis Project), Scotland (Grangemouth), North East (Teesside), South East
(Southampton) and Ireland (BCSD-UK 2003; Mirata 2004; NISP 2004).

" North Texas, USA - This initiative was launched by Business Council for
Sustainable Development, Gulf of Mexico (BCSD-GM), and several consultancy
companies in mid 1999. The project began with the recruitment of 10-to-20 diverse
companies within about a 50-mile radius of Dallas, Texas. A group of individual
companies was transformed into a dynamic cross- industry team focused on turning
every gram of material running through their plants into product. Most companies
opted to not report on primary products; the focus was on co-products and by-
products. The analysis of data, and the participants’ own analyses in the facilitated
discussions, identified 105 synergy ideas with 57 different materials. Some of these
ideas had previously been identified, but not been implemented. Participating
companies reported a wide range of co- and by-products in categories such as water,
organic material, solvents, alkalis, acids, metals, plastics, inorganic solids, paper,
biomass, and other materials. The annual volumes reported are equally wide in range
for the different materials, from less than 100 to several billion pounds annually
(Dias ez al. 2001).

" Ora Ecopark, Norway - 12 out of 60 companies in Ora industrial area were
selected as partners on the Ora Ecopark. All except two are located within a radius
of 400-500 metres (Thoresen 2000).

* Quebec, Canada — the project (known as the Montreal By-Product Synergy
Project) was led by Applied Sustainability, LLLC, a small start-up company based in
Austin, Texas (now closed) and was assisted by Hatch Associates. They assembled a
group of about forty companies in the Montreal area and facilitated the synergy-
seeking process (Dias ez a/. 2001; Hatch 2001).

»  Rotterdam, The Netherlands - This is an area of 10,000 hectares, half of which is
land, run by the Rotterdam Municipal Port Management (RMPM). It is a natural
deep-water harbour, stretching 50-km inland, which handles 100 million tonne of oil
annually. The port is also home to more than 30 chemical manufacturing companies
and four refineries. Approximately 60% of land use is in oil and chemicals sectors
generating 14,000 direct jobs and 66,000 indirect jobs. The Rotterdam harbour is
considered to have a good potential for companies to reuse waste streams, by-
products and energy from each other. To help achieve this end the industrial eco-
system project (INES) was introduced in the western region of the Rotterdam
hatbour area, originally initiated by the Eutroport/Botlek Interests industry
association for the development of Environmental Management System (EMS) for
09 member companies. The project team involved a staff member from the industry
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association, chairman of the environmental management communication platform, a
consultant and university researchers. INES was launched to stimulate the
development of cleaner production approaches; to perform network analyses of the
activities, material and energy streams; and to develop a knowledge infrastructure to
facilitate the functioning of the industrial eco-system in the region. The first INES
project was performed in the period 1994-1997 which was followed by the INES
Mainport Rotterdam, in operation in the period 1999-2002 and the Rotterdam
Harbor and Industry Complex (HIC) in 2003-2007 projects (Baas 1998; Baas ez al.
2004; Baas 2005; Heeres e# al. 2004).

"  Saint John, New Brunswick, Canada - One year study to investigate the potential
for eco-industrial networking in the city of Saint John. The city is home to one of
Canada’s largest concentrations of large industries (Nisbet ez a/ 1999).

»  Sarnia-Lambton, Canada - The aim of the project was to develop a case study of a
heavily industrialised area. Sarnia-Lambton site was chosen for analysis of the
potential for resource conservation and pollution reduction through establishment
of an industrial ecosystem. The purpose of the case study was to identify economic
costs, benefits and existing barriers (Venta ef al. 1997).

" Styria, Austria - In 1993 a research study has discovered and analysed an
“industrial recycling network” in the Austrian province of Styria. The research
started by tracing by-product inputs and outputs of two major enterprises and soon
found a complex network of exchanges among over 50 facilities (Schwarz ez al.

1997).

* Tampico, Mexico - In 1997, the Business Council for Sustainable Development —
Gulf of Mexico (BCSD-GM) launched a demonstration By-Product Synergy project in
Tampico with a group of 21 local industries. The goal was to promote
joint commercial ~ development among economic sectors so that one
industry’s wastes became another industry’s inputs. The project demonstrated that
by working together, industries can maximise use of potentially profitable materials
which otherwise may be treated as “waste”. The synergy identification
phase concluded in October of 1998 (Dias ez a/. 2001; Young 1999).

Table 3.1 below presents a brief comparison of the case studies. Drivers and bartiers for
industrial networking, tools and methodologies as well as technologies employed in the
process of identification and implementation of synergy opportunities are discussed in more
details further in this chapter.

Out of the selected 16 case studies only four are evidently still in progress featuring ongoing
activities to identify and implement new synergies between industry partners, these are
NISP, Guayama, Map Ta Phut and Rotterdam. Three of the case studies were intended to
be once-off stocktake of existing and potential opportunities (Sarnia-Lambton, Montreal,
and Saint John). Despite the intention for continuation in the remaining examples (excluding
Kalundborg in Denmark, which has not been intentionally initiated as an Industrial
Symbiosis project) the information presently available to the research team does not warrant
to conclude there is ongoing activity in the other areas. The information flow in the public
domain appears to have dried up for many of the case studies. For example:
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= Kawasaki Zero Emission Industrial Park, in Japan is expected to operate till 2010,

but the available information is rather outdated considering that the project has been
running for seven years nowl.

® Ora Ecopark, Norway and Styria, Austria - Information is very limited, although
both information sources provide an overview of the participating companies and
the partnerships between them.

= Tampico, Mexico - established with the intention of repeating the data collection and
synergy identification activities every few years, but there is no further information

published.

®  Quebec and Golden Horseshoe, Canada - expected to continue till 2005. No follow-
up information available after the initial publications.

Table 3.1 Overview of case studies

) Y
a w A Q8 o @A
9 o 2B £38 O, H
YEARS OF ) CURRENT E 2 HE JR06 gak
NAME _ XEARSOF _ |\rormATION DEVELOPMENT 2 E 5| DO0R ZABE
DEVELOPMENT z Z 94 OIS Ez A&
YEAR Y, N, NO INFO * R A mg | RFPREE 877
Alberta 1998-1999 2001 N Y Y Y Y
Golden Established in
Horseshoe 2001 with 5 year 2002 No info Y Y Y N
lifetime
Guayama 2002 2004 Y Y N N N
Kalundborg 1961 2004 N Y N N N
Kawasaki Zero The project is
Emission expected to operate 2001 No info N N N N
industrial Park initially from 1997
to 2010
Map Ta Phut 1985 - ongoing 2004 Y N N N N
Montreal 1997 1997 N Y Y N Y
NISP 2000 - ongoing 2004 Y Y Y Y N
North Texas July 1999-April 2001 N N v v N
2000
Ora Ecopark - 2000 No info N N N N
Quebec 2000-2005 2001 No info Y Y Y Y
Rotterdam 1994-1997
1999-2002 2005 Y N Y Y N
2003-2007
Saint John 1999 1999 N Y N
Sarnia- 1997 1997 N Y Y N Y
Lambton
Styria - 1997 No info Y N N
Tampico 1997-1998 with
intention to repeat 2001 No info v Y v Y
the process every
two years

* “No info” does not entail no current development, it states that there is no published information regarding further
Industrial Symbiosis activities and developments

1 At the 3+ International Society for Industrial Ecology (ISIE) Conference (Stockholm, 12-15 June 2005) it was
found out that there appears to be ongoing development activities in Kawasaki. Further information thereof
will be pursued.
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It is unclear how to interpret the lack of recent information on so many initiatives. Clearly
the benefits of updating communication on Industrial Symbiosis initiatives have not been
recognised or the perceived risks of communicating have been considered too high (e.g.
business risks of disclosing proprietary process information, concern for regulatory or
community pressure around reuse and reprocessing of “wastes”, etc.). If anything can be
concluded at all, it would be that most projects appear to be opportunistic in nature. They
start with good intent and enthusiasm, and early successes are often possible with regard to
recovery and reuse of by-products. The initiatives appear to plateau once these “/low-hanging —
fruits” have been picked, and the initial project resources for facilitation and communication
have run out. Follow up on other synergy options identified is quite likely to continue,
however more often as “#uditional” business development, and not necessarily promoted
under the umbrella of Industrial Symbiosis.

Specific comments related to the quality of information for some case studies are presented
below:

* North Texas - The program changed hands in 2001, and Hatch in Dallas started a
new recruitment phase for the program, expanding the “5 year project” into an
ongoing business with annual memberships by participants. Later in 2001 the
program was moved again to a local consultant but at present there is no further
information available.

* Map Ta Phut - Information about this industrial estate is rather confusing — both
sources provide poor quality information, which is conflicting on many occasions.

» Kawasaki — The English information is very limited, which makes it difficult to
assess this case study and whether progress is being made. There is however a
remarkably hype in Japan that Kawasaki is a model of achievement.

» Styria — the paper provides incomplete information regarding industries and by-
product flows, indicating that more details are available in German.

* Rotterdam — the grouping of the synergies is presented in quite vague way, causing
difficulty to distinguish between different synergy opportunities.

» NISP — it is not clear which are the participating companies and which industry
sector they belong to.

3.2.3 Common Elements

A complete list derived from the referenced information sources, covering the by-
product/waste stream being exchanged is presented in Appendix A. A comparison or
similarity between the synergies opportunities (existing or being implemented) is difficult to
draw, as documented synergies are specific to the industry mix in each industrial area in
discussion, and also to the particular economic, environmental and social conditions for that
industrial region. However, in Table 3.2 an effort has been made to categorise the existing
synergies and those reported to be under implementation on three dimensions:

1. Type of resource exchange: what resource is being exchanged between companies.

"  Water. exchange and reuse of cooling water and process water, any collective
treatment and recycling of wastewater.

*  Energy: shared use of energy infrastructure, co-generation and/or recovery of waste
heat from steam and electricity generation.
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" Process waste: exchange of liquid, solid, semi-solid, or gaseous waste generated when
manufacturing a product or performing a service. It also includes by-products from
pollution control waste that is being generated directly or indirectly when businesses
remove contaminants from air, soil, or water. Examples include baghouse dust,
desulphurisation gypsum, scrubber sludge, and chemical spill cleaning material.

" Non-process waste: may include waste generated while carrying out routine or
emergency maintenance (oils, cooling agents, oily filters, tyres, etc.) packaging
materials, machinery components, general household waste, landscape waste,
construction or demolition debris.

" Other: this type of exchange generally features some sort of service or utility sharing.

2. Type of processing involved: the degree to which the “wasted” resource is being processed
before it can be utilised by the other company/ies involved in the synergy project.

" Direct use or reuse: without any further processing except for transport and storage.

" Energy recovery or alternative fuels: covers waste heat recovery and alternative fuels for
boilers and kilns. Shared electricity and gas utilities and co-generation facilities also
fall into this category.

" Material recovery: involves separation and recovery processes to reclaim specific
materials found in the by-product/waste stream for the beneficial use (i.e.
segregation of plastics before recycling).

" Conversion into a useful product. processing to produce a different useful product i.e
spent edible oil for bio-diesel production.

" Environmentally sound disposal: collective treatment of wastewater to enable its safe
disposal.

3. Type of synergy: the business relation governing the synergy project.
" Bilateral interaction between two parties, either one-way or two-way exchange.

" Service: interaction between one company on one end and two or more on the other
end of the synergy. For example one company producing steam for several
companies or taking wastewater from several companies for collective treatment.

" Network: — multilateral interaction between more than two parties in both directions
(similar to Kwinana Water Reclamation Plant example in Kwinana where several
industries are taking reclaimed water and returning waste effluent).

Where explicit information for the type of synergy was not available the researchers have
used their expert judgment to rate a synergy into a respective category. Unknown type of
synergy is used where no information available or is impossible to define.
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The majority of the case studies provide relatively adequate data in regard to what is being
exchanged, but insufficient information of how it is being used, in terms of by-products
description and any processing requirement needed, as well as how many parties are
involved. As shown in Figure 3.2 below, more than half of the synergies involve process
waste of some kind with surprisingly only 4% of synergies involving any kind of water
treatment or reuse.

Figure 3.2 Categorising synergies by the type of resource exchange (existing and those being
implemented: n = 157)

Non-process
waste
16%

Process waste
56%

Other
6%

Unknown

10%

Water
4%

Energy
8%

All of the types of processing are employed depending primarily on the n