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Abstract: the Green Supply Chain Management (GSCM) isone
the key concepts that organizations need to implement in order to
reduce the environmental impact of their activities due to the
increase  of environmental awareness. However, its
implementation is full of constraintsin terms of the coordination
and collaboration between all stakeholders. Therefore, many
GSCM models and frameworks, like the multi agent systems
(MAS) are proposed to reduce the complexity level in the Supply
Chain. The main objective of this paper isto study the multi agent
systems usage for GSCM modelling. The used research
methodology is based on a literature review of 50 articles
published between 2012 and 2019 in 10 different journals. 5
articlesare selected out of 50 because of their accordance with the
research subject. The contribution of this paper is to show the
benefits of using multi agents systems for GSCM modelling
problems.

Keywords : Supply Chain Management, Green Supply Chain
Management, Multi agent systems.

. INTRODUCTION

In order to increase their competitiveness in global
markets, organizations search for enlarging their supply chain
around the world, this situation lead to an increase demand of
natural resources. Moreover, the increasing attention from
customers, stakeholders, governments and environmental
organizations push companies to consider environmental
impact of their activities. [1] For this reason, companies
started to integrate new concepts like GSCM in order to
improve their environmental responsibility and make the use
of natural resources more rationalized.

Several research works propose dozens of practices of
GSCM that can be adopted to improve the Supply Chain
performance, but their implementation is full of constraints.
As a result, several implementation models such as Multi
agent system for GSCM are proposed to facilitate this
transition. This research paper intent to answer the following
research questions which provides a better understanding of
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multi agent system usage in GSCM.

Q1 : to which extent the multi agent systems are used to
address GSCM topics ?

Q2 : which methodologies are used to design a MAS
architecturein GSCM field ?

The organization of the paper is the following. Section 1
presents the theoretical framework, which consists of GSCM
and MAS definition. Next, section 2 discusses the adopted
methodology to establish this literature review. Section 3
presents the findings of thisreview. A discussion of the found
results is the subject of Section 4. Finaly, the paper
summarizes the main ideas, precises the contributions and
provide a recommendation for future researches.

[I. THEORITICAL FRAMEWORK

A. Green Supply Chain M anagement

Many definitions of the GSCM are provided in the
literature, the most used ones define this concept as the
consideration and the integration of environmental thinkingin
the Supply Chain, which include product design, raw
materials sourcing, manufacturing process, delivery process
to customers and product management after its lifetime [2].
Many GSCM definitions address both economic and
environmental considerations, they aso highlight the key role
of coordination between partners and flows to implement the
GSCM successfully. In addition, researchers distinguish
between a pure reactive environmental practices and
proactive program management. [3]. Therefore, the GSCM is
aconcept that has evolved alot in recent years.

The GSCM covers many practices and activities like green
design, green procurement, green manufacturing, green
distribution and reverse logistics [2].

These activities encompass all processes in the supply
chain, from green procurement (supplier selection, raw
material selection, etc.) to green manufacturing (green design,
waste reduction, energy reduction, etc.). ) up to the ecological
logigtics, recycling and waste management products. Green
procurement can be defined as an environmental purchasing,
consisting of activitieslike recycling and reuse of materialsin
the purchasing process. Green manufacturing is a production
process with low environmental impacts and with less waste
or pollution. Green distribution covers green packaging and
green logistics. Quality packaging and loading models will
significantly reduce the use of materials and space in the
warehouse. [4]

B. Multi agent systems
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Multi agent system is a system composed of many agents,
which take some specific and dedicated roles. They can
interact with each other to solve problems, which exceed the
capabilities and the knowledge of an individual agent [5].

These interactions can be simple information exchanges,
but also demand for particular actions, cooperation,
coordination and negotiation to manage interdependent
activities[6]. Many researches advise that agent based models
are the most appropriate ones for domains and systems
characterized by high degree of location, distribution and
dominated by discrete decision [7]. The Supply Chain
network has the same characteristics as a multi agent system.
In fact, the Supply Chain is composed of several autonomous
participants who play specific roles. [8]

Each Supply Chain participant should have its own
resources, skills and abilities to perform certain tasks and
roles to make products conform to the customers’
requirements[9].

Participantsin the Supply Chain have basic skills and each
of them can neither perform all the activities of the chain nor
solve all the problems. Multi-agent systems areidentified asa
modelling methodology for supply chain management, which
aims to deal with bullwhip effects, poor communication
results, and poor coordination between members of the supply
chain [10].

I1l. RESEARCH METHODOLOGY

The adopted research methodology is to build a literature
review to bring knowledge on this topic based on aready
existing literature [11]. The objective is to show to which
extent multi agent systems can be used in the GSCM
modelling. 13 per reviewed journals are analyzed within a
timeframe of six years (2012 — 2019) and the search was done
using keywords on Green Supply Chain, Sustainable Supply
Chain and Multi Agent Systems. The result of the initial
research give atotal of 50 articles and 15 articles were
selected based on their title. From these 15 articles, 5 articles
were selected because of their accordance with the focus and
objective of the study. To the best of our knowledge, these
articles are the only ones, which used a multi agent approach

in the context of Green Supply Chain Management within the
pre-defined period. A literature review was done on these 5
articles to address research questions.

IV. FINDINGS

The overview of the five analyzed articles with their
respective methodol ogies and findings are given in table |.

V. DISCUSSION

The Supply Chain network hasthe same characteristicsasa
multi agent system. In fact, a supply chain is composed of
several autonomous participantswho play specific rolesalong
the chain [8]. However, very few studies are used multi agent
systems to address GSCM topics [12]. To the best of our
knowledge, the above-mentioned researches are the only
ones, which considers applicability and suitability of multi
agent systems in GSCM field. In addition, only 2 studies out
of 5 which developed an integrated framework for the whole
Supply Chain, and one of them considers only the context of
Small and Medium Enterprises (SMES). The result of the
analyzed articles shows that MAS is able to solve
communication and complexity problems in the GSCM field
and it helps to introduce sustainability parameters such as the
environmental concern into the closed-loop Supply Chain
processes.

Concerning the MAS designh methodol ogies, the most used
one is the Foundation for Intelligent Physical Agent (FIPA),
which consists of definition of the agent architecture and then
use of FIPA protocols for the communication and interaction
between agents. Multi Agent Logic Language for Encoding
Teamwork (MALLET) is an agent language framework,
which facilitates and manage agent activities viathe proactive
exchange of information [17]. ANEMONA is a MAS
methodology for holonic manufacturing systems (HMS)
design and analysis based on agent notion and HMS
requirements [18].

Table- I: Overview of thearticlesin theliteraturereview.

MAS
methodology &
Yea GSCM Paper communication
Authors r process type Description channel Findings
Decision
framework
Solve the from waste
complexity of collection to
Mishra, including the distribution
Kumar Case study waste of the recycled
with management componenets
and Chan Reverse empirical | and recycling to
[12] 2012 logistics analysis in the GSCM MALLET manufacturing
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Propose a
framework to
configure
sustainable
Supply Chain MAS helpsto
network solve
Chi Casestudy | quickly and scheduling
mg with efficiently. problem for
Hsieh empirical sustainable
[13] 2015 | All processes analysis FIPA supply chain.
Develop
Sustainable
manufacturin
g system MAS help to
Giret and platform include
Sdido Casestudy | supported by sustainability
Green with intelligent in
[14] manufacturin | empirical software manufacturing
2017 g analysis agents ANEMONA systems
Structured
information
exchange
processes to
make better MASisableto
sustainable reduce
procurement communicatio
decisions by n and
maintaining a information
long term exchange
partnership problemsin the
Ghadimi, Casestudy | between the sustainable
Toos and with manufacturer suppliers
Heavey Green empirical and its selection
[15] 2018 | procurement analysis suppliers. FIPA process
Intelligent
dynamic
system based
on agents MAS helpsto
interaction to highlight the
A, Ben Research study sustainability
Mekki, J. paper with | sustainability assessment
Tounsi, L. conceptua | in the context processin
BenSaid[16] | 2019 | All processes | model of SMEs FIPA SME context
2. S.K. Srivastava, “Green supply-chain management: a state of the art
literature review,” International Journal Management Reviews, vol. 9,
VI. CONCLUSION DD, 53-80, 2007
In this paper, we present a literature review on recent 3. Q. thu, J. Sarkis, “Rellat;c;nships bfetween operlatioEa_l practices and
. . . . . performance among early adopters of green supply chain management
studies us ng multl—agent systems in the field of GSCM. The practices in Chinese manufacturing enterprises,” Journal of Operations
work proposed in this paper attempts to establish aliterature Management, vol. 22, pp. 265-289, 2004
review within a period from 2012 to 2019. 5 articles were 4 M.L.Tseng, Md. S. Islam, N. Karia, F. A. Fauzi, S. Afrin, «A literature
selected out of 50 and help us to show the benefits of using review on green supply chain management : trends and future
; . . challenges,” Resources, Conservation and Recycling, vol. 141, pp.
multi agent systemsin GSCM. It was also noticed most of the 145-162, 2019
existing works do not integrate al the GSCM processes and 5. M. Wooldridge, An Introduction to Multi Agent Systems, John Wiley
focus only on some dedicated ones. In conclusion, the and Sons, New Y ork, 2009 L
. . . 6. N.R. Jennings, “On agent based software engineering,” Artificial
proposed work can provide a good methodological basis for Intelligence, vol. 117, pp. 277-296, 2000
solving the GSCM modelling and collaboration problem 7. H.V.D. Parunak, R. Savit, R. L. Riolo, « Agent based modeling vs.
based on the multi agent approach. The propowl of other equation based modeling : A case study and users guide,” Proceeding of
. Simulation, Springer, Paris, France, 1998, pp.10-26
frameworks based on the multi-agent approach can be g ¢ Chopra, P. Meindl, Supply cham management: Strategy, Planning,
proposed as a perspective for future research. and Operation, Person and Prentice Hall, New Jersey, 2004.
9. D. Simchi Levi, P. Kaminsky, E. Simchi Levi, Designing & managing
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