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2. Green Supply Chain Management
3. Industrial Ecology
4. Industrial ecosystem
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5. Closing the loop
6. Recycling and re-use
7. Remanufacturing
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1. Industrial Symbiosis
2. Inbound logistics

3. Internal supply chain
4. Outbound logistics
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I- . Inbound logistics 'SNJ iRPth Outbound logistics
= upsiream flows = downstream flows |
| Customers
o e and relationships CHAIN and relationships
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1. Industrial metabolism
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Industrial Ecology (LE)

- A study ficld of developing nearly closed-loop industrial

ecosystems of material exchange and cfficient encrgy cascading
by mimicking natural systems

Industrial Symbiosis
- A knowledge web 1o
facilitate the development
of symbiotic networks
amang companics

Industrial Metabolism
- Eeo-efficiency of
‘materials/energy exchanges
within and across industrial
ecosystems

Tndustrial Ecosystem
- A high level closed-
loop industrial system
with a defined
boundary

Legislation and
regulations Lo support IE
development and
applications

Other IE. methodologies and analytical tools, such as
life cycle analysis and design for environment (DfE)
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Disposal  Recovery/
Recyeling
Imm IS
Inh:r IS (Sender)
- — lg -
Raw Materials
Industry A Iuclu stry B

Monitoring and Control

Inter IS (Receiver)
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1. Non Linear Programming
2. Fuzzy mixed integer linear programming
3. Multi Criteria Decision Making
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4. Inter Industrial Symbiosis—Sender
5. Industrial coexistence
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Industrial ecology is the identification and application of solutions aimed
at reducing the environmental effects of products and processes of industrial
systems. Industrial symbiosis is a practical application of industrial ecology
where manufacturing companies cooperate by creating a network in the field
of local exchange of water, energy, or industrial waste recycling. Industrial
symbiosis plays an important role in reducing total costs in green supply chain
management and its sustainability. Previous researches in the field of green
supply chain management have somehow improved its performance by using
different tools, but less on the impact of the new and effective industrial
symbiosis concept has been discussed. In the current research, for the first
time, a mathematical model is presented to apply the concept of industrial
symbiosis in green supply chain management to minimize total costs with
minimal carbon emissions. The proposed model is a multi-period single
product and the lack of demand is allowed. To validate, the proposed model
was used in the steel industry with 30 factories during 22 planning periods
and with 15 types of raw materials. GAMS software is used to solve the
model. The results of the numerical solution of the model have the greatest
reduction of carbon emissions and adverse environmental effects with
minimum total costs in factories. The sensitivity analysis showed that the
value of the objective function of the model is high in relation to the changes
in the parameters of the amount of the reproduced product, the rate of the
collected return product, the amount of the returned product, the rate of the
final disposed product, and the penalty for exceeding the permitted carbon
emission limit. The results showed the alignment of green supply chain
management policies and industrial coexistence.
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