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Abstract. From a business perspective, initiatives are undertaken at both inter-company
level and intra-company level to implement the concept of sustainable development. At inter-
company level, Industrial Ecology uses natural ecosystems as analogies to design sustainable
industrial systems such as Eco-Industrial Parks (EIPs). Similarly to a Supply Chain (SC), an
EIP is a community of independent businesses that cooperate with each other to efficiently
share resources (materials, resources and information). However, if the SC cooperation is
focused on product manufacturing, the EIP cooperation intends to reap economic gains,
improvements in environmental quality and equitable enhancement of human resources that
would not have been achievable individually. In the extensive and multidisciplinary body of
literature studying EIP, the lack of a framework to evaluate the performance and benefits
of an EIP is repeatedly discussed. Having observed similarities between SCs and EIPs, the
use of Supply Chain Management tools for the description of synergies among an EIP is
motivated. A model inherited from SCOR model is proposed to map this symbiosis and is
demonstrated in a case study. Even if EIPs and SCs do not share the same goals, we will
conclude with the relevance of using the SCOR model for EIP management.

Keywords: Supply Chain Management, Eco-Industrial Park, SCOR model, Industrial Ecol-
ogy, Industrial Symbiosis

1 Introduction

With the growing presence of environment and energy security concerns, it has become clear that
human activities and business activities in particular are having a preoccupying negative impact
on our planet. Rising population sizes and increasing urbanisation call for an efficient use of re-
sources embodied by the concept of sustainability as introduced in the Brundtland Report, by the
United Nations World Commission on Environment and Development in 1987 [28]. From a busi-
ness perspective, initiatives dealing with sustainability are initiated at both inter-company level and
intra-company level, those initiatives are regrouped within the spectrum of 'Eco-Industrial Devel-
opment’. At inter-company level, 'Industrial Ecology’, a subset of Eco-Industrial Development, uses
natural ecosystems as metaphors to design sustainable industrial systems [15]. Industrial Ecology
aims to transform traditional linear industrial ecosystems into cyclic, or quasi cyclic, ecosystems
(where the output of a process becomes the input of another one). This instrument of Industrial
Ecology is called 'Industrial Symbiosis’.

An Eco-Industrial Park (EIP) is a type of industrial or business park implementing a long
term Industrial Ecology strategy through, among other initiatives, Industrial Symbiosis. The most
famous definition of an EIP was proposed by the U.S. President’s Council on Sustainable Devel-
opment in the mid-1990s : "a community of businesses that cooperate with each other and with the
local community to efficiently share resources (information, materials, energy, infrastructure and
natural habitat), leading to economic gains, improvements in environmental quality and equitable
enhancement of human resources for businesses and the local community" [25]. An extensive body
of literature is available on the study of EIPs and, more generally, Industrial Ecology. A number
of authors highlight the lack of a robust framework to evaluate the performance and benefits of
an EIP and to support its sustainable development [7,24,26]. Indeed, it is a rather complex task
to monitor an EIP’s performance over time. A multi-disciplinary and international community has
been working on this topic over the last decades. As a way to contribute to this topic, we suggest
the use of endorsed industrial practices and tools.



In parallel, since the 1980s, a lot of work has been done in the field of Supply Chain Manage-
ment (SCM). The Supply Chain (SC) is also an inter-company organisation model that integrates
increasingly sustainable development purposes. It is defined as the life cycle processes comprising
physical, information, financial and knowledge flows whose purpose is to satisfy end-user require-
ments with products and services from multiples liked supplies [3]. Managing the Supply Chain
leads to various contributions in terms of its design, scheduling, planning, performance evaluation,
and operation of its processes for the satisfaction of the final customers [27].

As we can see from their definitions and management objectives, EIPs and SCs present some
similarities: they are both communities where businesses collaborate to reach a common goal. Both
definitions introduce the notions of physical and information exchanges: shared resources for an EIP
and flows for a SC. Among its various goals, SCM aims to measure and improve the performance
of the global SC, objectives that are also shared by EIP management. From these observations,
the use of SCM tools for EIP management is proposed.

The objective of this prospective article tackles the first step of EIP management which is the
description of its resource sharing with a SCM tool that addresses inter-company flows modelling,
namely the SCOR model. This work is encompassed in a much larger task: the implementation of
a performance evaluation framework for the management and development of EIPs.

This article is structured as follows. First, we introduce preliminary concepts supporting this
article, showing links between EIP and SC. Then we present the use of the SCOR model as a
management framework for EIPs through a case study on one of the most famous EIPs: Kalundborg
in Denmark. Finally, we finish this article with concluding remarks and directions for future work.

2 Positionning of Eco-Industrial Parks and Supply Chains

2.1 Eco-Industrial Park as an application of Industrial Ecology

The Eco-Industrial Park (EIP) paradigm relies on a very rational and intuitive idea: Industrial
Ecology. Industrial Ecology, introduced by Frosch and Gallopoulos in 1989 [15], is a systemic
approach that studies materials and energy flows. Jelinski proposed three development models for
Industrial Ecology, starting from the linear and immature ecosystem (Type I) that is unsustainable
to the semi-matured ecosystem (Type II) through to a mature materially closed ecosystem that is
ultimately sustainable (Type IIT) [18,1]. These three development models are illustrated in Figure 1.
As we mentioned before, Industrial Ecology means to transform traditional type I industrial systems
into type III, or at least type II, systems [21]. This concept, also called "Industrial Symbiosis’ uses
natural ecosystems as analogies to design sustainable industrial systems.

A large body of symbioses has been documented and studied, such as Kalundborg EIP (further
described in section 4); the Austrian province of Styria; the Jyviskyld region in Finland [19]; the
petrochemical complex of Sarnia [10]; and the Burnside Cleaner Production Centre in Canada [8].
These prosperous symbioses, and other varyingly successful attempts to realize Industrial Ecology,
resulted in different criteria defining an Eco-Industrial Development. Chertow [6] proposed the
following taxonomy of different material exchange types:

Material exchanges taxonomy from Chertow [6]:
— Type 1 : through waste exchanges
— Type 2 : within a facility, firm, or organizations
— Type 3 : among firms co-located in a defined eco-industrial park
— Type 4 : among local firms that are not co-located
— Type 5 : among firms organized “virtually” across a broader region

Types 3-5 offer approaches that can readily be identified as industrial symbioses and this paper
will be restricted to EIP, precisely corresponding to Type 3. The symbiosis in an EIP is built around
two main types of collaborations : substitution synergies (bilateral materials or energy exchanges)
and mutualisation synergies (pooling of resources between two or more companies)

Recent work on the concept of EIP deals with the evaluation of its performance through the
definition of new indices [23,26] and the use of multi-criteria decision making approaches [30,29]. Re-
searchers in Industrial Ecology are increasingly moving away from the natural ecosystem metaphor
towards more complex, dynamic and systemic approaches [11,14]. Indeed, the design of industrial
symbiosis was investigated through optimisation methods [5], the use of system engineering [16] or
the use of agent-based modelling [9].
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Fig. 1. The three types of ecology, from linear to cyclic industrial systems [18]

2.2 Supply Chains and Supply Chain management

The network of relationships between companies from the first supplier to the final customer is
called Supply-Chain (SC). As we have mentioned before and according to Huan et al. [17], SCM
research can be classified into three categories : Operational, Design and Strategic. Operational
SCM is concerned with the daily operations along the main functions of the SC; Design SCM
focuses on the location of decision spots along the SC and the achievement of the objectives of the
chain; and Strategic SCM intends to understand the dynamics of a supply chain and development
of objectives for the whole chain in order to help decision-makers in the evaluation of alternative
SC configurations and partnerships. The SCOR model has emerged as a standard tool in Strategic
SCM.

Another area in SCM that is close to EIP management and that has gained a lot of interest in
the last two decades is Green SCM. Green SCM aims to minimise or eliminate wastages including
hasardous chemical, emissions, energy and solid waste along SC [22,2,13].

2.3 EIP and Supply Chain

From the definitions in section 2.1 and 2.2, we observe that EIPs and SCs show some similarities.
The parallel between SC and Eco-Industrial Parks has been exploited by Zhu and Cote with their
study of the evolution of the Guitang Group, a Chinese sugar complex, towards an eco-industrial
development by applying integrated Green SCM [31]. Li et al support the idea that green SC
should be built inside EIP to create a "green economy" [20].

We propose a non-exhaustive comparison of both concepts in order to demonstrate the per-
tinence of using SCM tools for EIP’s symbiosis management. We inventoried the differences and
similarities in Table 1.

SCs and EIPs were created around different philosophies and motivations. SCs are focused on
the production of a common product and the satisfaction of a final customer. Their management
goal is to improve quality, productivity and security. Members of an EIP do not collaborate for
the production of a product but for the reduction in costs and environmental impacts, and the
improvement of their employees’ work conditions.

The outcome we draw from this comparison is that there are no real arguments against the use
of SCM tools to model the industrial symbiosis of an EIP. A SCM tool that addresses inter-company
collaboration modelling is the SCOR-model, hence we proposed the use of the SCOR-model for
the description of EIPs’ flows.

3 Supply Chain management applied to EIP

3.1 Presentation of the SCOR model

The Supply-Chain Operations Reference-model (SCOR) is a cross-industry standard for SC man-
agement developed by the Supply-Chain Council (SCC). It is a diagnostic tool for practitioners
describing the processes of a SC from the first supplier company to the last customer company.
SCOR model integrates the well-known concepts of business process re-engineering, benchmarking,
and process measurement into a framework which includes [17]:



Table 1. Comparison between an EIP and a SC

Similarities

Both are groups of companies

Companies involved are production companies (of goods or services)

Both concepts are based around the organisation of a collaboration between the involved companies
All involved companies are working towards a common goal (but their goals are different)
Exchanges of flows exist in both organisations (physical or information)

The exchanges are based on long term deals (several years in most cases)

Both concepts show a strong interest in logistics issues

Differences

SC

|EIP

If the SC don’t involve a vertically integrated firm,
it will be organised around a focal company, the
primer manufacturer

Well defined roles for each company

The output of a SC is focused on common products

Geographical proximity is not mandatory

An EIP can be organised around a focal company
but it will likely be managed by an external observer

Fach company’s role depends on the chosen perspec-
tive

The output of EIP is the collection of each member’s
products

All the companies are co-located in a defined area.

1. standard descriptions of management processes;
2. a framework of relationships among the standard processes;
3. standard metrics to measure process performance;
4. management practices that produce best in class performance;
5. standard alignment to software features and functionality
As we can see in Figure 2, in the most recent version of the SCOR model, the processes are of
six types :
1. Plan describes the activities associated with developing plans to operate the supply chain
2. Source describes the ordering (or scheduling of deliveries) and receipt of goods and services.
3. Make describes the activities associated with the conversion of materials or creation of the
content for services.
4. Deliver describes the activities associated with the creation, maintenance and fulfilment of
customer orders
5. Return describes the activities associated with the reverse flow of goods.
6. Enable describes the associated with the management of the supply chain.

The processes can be approached at four levels of abstraction, from the most generic (level 1) to
the most particular (level 4). Level 1, or "Top Level’, defines the scope and content for the SCOR-
model (performance targets). At level 2, or ’Configuration level’ , companies implement their
operations strategy through the configuration they choose for their SC. At level 3, or "Process
Element level’, companies ’fine tune’ their operations through process elements definition, process
performance metrics and advice on the best practices. The last level, called 'Implementation level’
is not included in SCOR’s scope.

As SCOR model provides this well equipped cross-functional framework, we believe that it
would be beneficial to use it for the evaluation, benchmarking and decision making for the devel-
opment of an EIP.

3.2 The SCOR model transferred to the EIP

The interactions between two members of an EIP can be of two different types : a bilateral exchange
called substitution synergy or a pooling of resources called mutualisation synergy.

Substitution synergy A substitution synergy is a bilateral exchange of energy or materials.
Using SCOR’s process structure, a substitution synergy is the link between the Source process of a
company and the Deliver process of another. Since one of EIPs’ goals is to optimise their inputs in
a circular way, a material exchange could be of various ancillary products. The materials emitted
by a company can be of four types [31]:
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Fig. 2. The SCOR overall Supply Chain processes structure (APICS, SCOR 11.0 Overiew Booklet, 2014)

1. Products, the desired output of the process;

2. Co-products, which represent substantial value even if they are not the intended product of the
process;

3. By-products, unintentionally produced, that represent a lesser, but positive, value than the
original raw material;

4. Residual products, or waste, with a negative value.

For example, a sugar refinery’s product is sugar, two co-products are molasses and bagasse, and
a residual product is filter sludge. The bagasse can be used in a pulp plant. The emissions of the
pulp plant are the pulp (product), black liquor (by-product), and waste-water (residual product).

Because of these different types of materials, the Deliver process can sometimes be coupled
to an ancillary Make and Deliver processes (Make’ and Deliver’) to either tailor them for their
next use (co-products and by-products) or to treat them to respect regulations (by-products and
residual products). Therefore, we propose to represent the members of an EIP as shown in Figure 3.
Because substitution synergies are focused on materials, we ignore the processes Plan and FEnable.
Moreover, for this first modelling, we neglect the Return process.

Mutualisation synergy Using SCOR’s process structure, a mutualisation synergy is the pooling
processes between two, or more, companies. In theory, all the processes can be shared, but in
practice, the most common pooling will likely be the Deliver and Source process. For example,
two, or more, companies can come to an agreement to be delivered by the same carrier at the same
time to minimise the shipping cost and environmental impact. In a similar fashion, the carrier
importing materials in the EIP can be used to export finished products outside the EIP. With a
bit more planning, the Return process can be organised in a collaborative way. Companies can
share resources used in the Make process, such as quality control or information systems. A very
common collaboration inside a EIP will be residual product treatment at the Make’ process.

4 Case Study

4.1 Some elements about Kalundborg EIP

The most famous and documented industrial symbiosis is located in Kalundborg in the Denmark
[12]. Kalundborg’s industrial symbiosis was built spontaneously, its development was progressive
and with no planning. Since 1972, more than thirty materials or energy exchanges were established
between the members of the symbiosis : six processing companies, a waste handling company and
the municipality of Kalundborg. These bilateral agreements allowed to avoid production of waste
and saved a consequential amount of resources. Only seeking economic profit, the members also
reaped non-negligible environmental benefits and, following on from this success, Kalundborg has
become the exemplary model for Eco-Industrial Development.
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4.2 Application of the SCOR-inherited model to Kalundborg EIP’s symbiosis

As an example of the application of the SCOR model to an EIP, we chose to represent Kalundborg
Symbiosis with the process structure described in paragraph 3.2. Information on Kalundborg’s EIP
were provided by Kalundborg’s symbiosis official website 4 to obtain the most up-to-date data.
Indeed, Kalundborg’s symbiosis is dynamic: new substitution synergies are sometimes created or
broken. With the data gathered, we mapped Kalundborg’s symbiosis, as can be seen in Figure
4. Except for Lake Tisso’s surface water, we chose to only represent co-product, by-product and
residual product flows within the EIP and their recovery outside the EIP. For the sake of clarity,
the EIP members’ products and imported primary materials are excluded of the figure and we
differentiated energy, water and materials flows. The members of Kalundborg’s EIP are :

. Novo Nordisk, the world’s largest producer of insulin;

. Novozymes, the world’s largest producer of enzymes;

. Gyproc, producer of gypsum board;

. Kalundborg Municipality, which handles the water and heat supply for Kalundborg’s 50,000
inhabitants;

. Dong Energy, owner of the Asnees Plant, the biggest coal fuelled power plant in Denmark;

. Statoil, owner of Denmark’s biggest oil refinery;

7. Kara/Novoren, a small waste treatment company;

=~ W N =

S Ot

As we can see in Figure 4, DONG Energy and Novozymes both have ancillary Make’ and
Deliver’ processes. Besides Asnaes Plant, DONG Energy owns Inbicon, a world leading lignocellu-
losic biomass conversion technology that uses Asnaes Plant surplus steam. Novozymes also owns
a waste water treatment facility that uses Novozymes’ biomass and Novo Nordisk’s ethanol waste
to produce NovoGro 30, used as a fertilzer by the farms nearby. Finally, since Kalundborg EIP is
not focused on mutualisation synergies, our SCOR-inherited model only offers a mapping of the
substitution synergy network.

The SCOR model is shown to be a standard enabling the mapping of EIP symbiosis. This first
work addressed the use of the SCOR model as a descriptive model, but the SCOR framework offers
other services such as benchmarking and performance metrics. Knowing that the SCOR can be
adapted to describe an EIP is a first promising step towards the use of all its utilities. Since the
philosophy and the goals of an EIP and a SC are not similar, additional work should be done to
tailor the SCOR model for the performance evaluation of an EIP.

* http://www.symbiosis.dk/en/diagram
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5 Conclusion

Owing to growing environmental concerns, the concept of Industrial Ecology has gained a lot
of attention through its concrete application : EIPs. Observing some similarities between EIPs
and SCs, we proposed the use of a SCM tool to describe an EIP’s symbiosis. The SCOR-~-model,
is Strategic SCM tool helping with the description and performance evaluation of the processes
along the SC, was adapted to map the substitution synergies among an EIP. Applying our SCOR-
inherited model to Kalundborg EIP, we have shown that it offers a standardised and original way
to represent the processes inside an EIP. In the near future, we wish to apply our SCOR-inherited
model to other EIPs: Savoie Technolac, a French Technopole with a philosophy close to the EIP’s;
Pomacle-Bazancourt EIP in France, one of the most successful example of bio-refinery in Europe;
and the developing EIP of Victoriaville in Quebec

This prospective work introduces the possibility to use the SCOR model at its fullest, for the
evaluation, benchmarking and decision making for the development of an EIP. It also allows the use
of other SCM tools associated with the SCOR-model such as performance measurement systems,
multi-criteria decision making tools, and aggregation operator, such as the Choquet Integral [4].
Finally, this work means to inspire further research using tools endorsed in the industrial sector
for the management and performance measurement of EIPs.
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