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Abstract

Context: The environmental and social dimensions of performance are of great importance, given that
they must be incorporated into strategic, tactical, and operational objectives in companies and supply
chains to minimize negative impacts on the environment and society.

Method: After reviewing the Scopus, Web of Science, and ScienceDirect databases for the topics of
sustainability and supply chain management, a state of the art of green and sustainable supply chain
management is presented, aiming to guide readers towards a synthesis of related concepts and future
lines of research.

Results: The reader is introduced to concepts and trends around the field of green and sustainable
supply chain management to raise interest in new research and practices to guide the implementation
of sustainability in organizations and their supply chains.

Conclusions: Sustainable supply chain management still faces several academic and practical
challenges in terms of implementation, performance measurement, and how models can capture a
dynamic and uncertain social and environmental context. There are latent research issues such as
management of the circular supply chain, applications in emerging economies, or the application of 4.0
technologies.
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Resumen

Contexto: Las dimensiones ambiental y social del desempeño son de gran importancia, puesto que
deben ser incorporadas a los objetivos estratégicos, tácticos y operativos de las empresas y cadenas de
suministro para minimizar los impactos negativos sobre el medio ambiente y la sociedad.

Método: Tras haber consultado los temas de sostenibilidad y gestión de la cadena de suministro en las
bases de datos Scopus, Web of Science y ScienceDirect, se presenta el estado del arte en gestión de la
cadena de suministro verde y sostenible, esperando guiar a los lectores hacia una sı́ntesis de conceptos
relacionados y futuras lı́neas de investigación.

Resultados: Se introduce al lector a conceptos y tendencias en el campo de gestión de la cadena de
suministro verde y sostenible para despertar el interés en nuevas investigaciones y prácticas para guiar
la implementación de la sostenibilidad en organizaciones y sus cadenas de suministro.

Conclusiones: La gestión sostenible de la cadena de suministro aún enfrenta varios retos académicos
y prácticos, desafı́os en términos de implementación, medición del desempeño y la manera en que
los modelos pueden capturar un contexto social y ambiental dinámico e incierto. Hay cuestiones
de investigación latentes como la gestión de la cadena de suministro circular, las aplicaciones en
economı́as emergentes o la aplicación de tecnologı́as 4.0.

Palabras clave: Desempeño sostenible, gestión de la cadena de suministro sostenible, gestión de la
cadena de suministro verde, modelamiento, sostenibilidad triple.

Idioma: Español

1. Introduction

Supply chain management (SCM) has acquired relevance in a global corporate and competitive
environment [1]. Academia, industry, and government have looked for ways of jointly improving
economic performance and systems sustainability [2]. One way of seeing this is that environmental
and social issues are linked to industrial processes carried out in supply chains (SC). The challenge
is to implement alternatives to the activities in SC, fostering significant changes in the economic,
environmental, and social dimensions, thus allowing success in long-term development of SCs [3].
Hence, SCs are perceived as elements of economic systems embedded in social systems, which in
turn, depend on ecological systems [4]. Consequently, it is necessary to make decisions considering
sustainability as an important factor.

This article aims to guide readers through topics and current perspectives on Green Supply Chain
Management (GSCM) and Sustainable Supply Chain Management (SSCM), given the emerging
importance of these fields, with the purpose of motivating future research and applications on SC.
We intend to achieve these objectives by addressing the following research questions: How is
sustainability understood in supply chains? What concepts are related to it? What factors or mo-
tivations lead to opting for a sustainable supply chain (SSC)? Which optimization and simulation
models have been used to model SSCs? What are the current trends that guide research in SSCM?
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We expect to contribute to the SSCM field by bringing a conceptual basis for researchers who wish
to embrace sustainability in SCs.

This article is supported by previous reviews and arguments in the literature. [5] was one of the
first to tackle SCM from an ecological perspective, based on customer-supplier relationships and
links to the internal dimensions of the organization. Later, [6] presented a conceptual SSCM frame-
work focused on supplier management and SCM for sustainable products, highlighting the ecolog-
ical and environmental issues as dominant within literature. As for the GSC, [7] made a review
on the state of art, providing an integrative view on GSCM as a field of research. [8] reviewed the
literature under several organizational theories with emphasis on GSCM practices. Similarly, [9]
addressed more than 300 articles from 15 previous years about GSC and SSC, finding that 36 of
them applied quantitative models, thus presenting research opportunities in 2013. In the same way,
a year later, [10] presented a research on the application of formal models with social or envi-
ronmental factors in SCs, including analytic models and lifecycle assessment. In the same field,
circular economy started to gain relevance; [11] emphasized that not only should there be viable
relationships between ecological systems and economic growth, but self-sustaining systems should
also be created, comparing traditional systems with circular systems. In parallel, [4] presented, at
the beginning of 2019, a review on modeling systems dynamics, where the quantitative model in
the SSCM was highlighted and proposed a systemic approach to analyze complex and dynamic
SCs.

To achieve the objective of the research, this article is organized as follows: the concepts found
in the literature on supply chains and sustainability, GSCM, and SSCM are presented first; the
article continues with the results found from applications via optimization modeling and simulation,
followed by trends for future research; and it ends with a synthesis of the results and the conclusions
of this review.

2. Materials and methods

To guide the literature review, this article is based on the methodology proposed by [12]. Such
methodology consists of the following phases:

Fig 1. Methodology for literature reviews by Rincón-Ballesteros [12]

In the data sources and search strategy stage, two search formulas were used. Firstly, using
“green”, “social”, “sustainability” AND “supply chain” on Scopus and ScienceDirect, 731 articles
were found. This search was filtered according to the title, abstract, and keywords of papers within
a timeframe from 2000 to 2020. It is worth noting that 22% of the articles were published in 2019.
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The research journals with highest frequency of publication were: Journal of Cleaner Production,
International Journal of Production Economics, Resources, Conservation and Recycling, and Com-
puters & Industrial Engineering. The authors with more publications were Joseph Sarkis, Kannan
Govindan, Behnam Fahimnia, K.W. Green, and Sachin K. Mangla.

Secondly, a search was queried on the Web of Science database with the equation “sustainable
supply chain” AND “model” OR “simulation” for the title, abstract, and keywords, where 443
documents were found within a timeframe from 1997 to 2020. The research journals with more
publication frequency were: Environmental Sciences, Green Sustainable Science Technology, Op-
erations Research Management Science, Environmental Engineering, and Industrial Engineering.

During the review and criteria selection, the articles with the highest number of citations and
relevance from each database were picked and analyzed first, so duplicates could be discarded. Fi-
nally, a review was made in terms of keywords, and the articles were classified into four categories:
conceptual, review, mathematical model, or simulation. Around 120 articles were reviewed, and
89 were chosen for this article.

For the data extraction stage, the conceptual articles were analyzed considering their contribu-
tions, keywords, definitions, and conclusions. On the other hand, those articles related to modeling
approaches were classified according to the information they presented: model type, objective,
solution method, simulation paradigm, variables, parameters, links in the chain considered, and
approach based on the pillars of sustainability. The tables containing these taxonomies can be re-
viewed in the appendixes.

The section pertaining to the last stage of this research, data synthesis and report, presents a
synthesis of the results and an analysis of the SSC and GSC modeling articles. It also shows a
synthesis graph that presents concepts and trends related to SCCM.

3. Results
From the literature review, a conceptualization was then derived to understand and encompass
sustainability and supply chain issues.

3.1. Towards a conceptual construction
J. A. Orjuela stated in his PhD thesis [13, p. 28] that a SC:

is composed by a series of suppliers, producers, manufacturers, traders and consumers,
as well as by the integration of its provisioning, manufacturing, storing and distribu-
tion processes, and it involves abilities management for the on-time delivery of the
products to the customers and consumers and also the usage of the technology needed
to accomplish a continuous information exchange. The SC challenge is to deliver the
right product to the right customer at the right time. Competitive pressure and global
markets forced the companies to develop SC and thus, to give an answer to the client
needs quickly, which creates more complexity.
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The most widely used definition of ‘sustainability’ is the one given in 1987 by the World Commis-
sion on Environment and Development [14] as meeting the needs of the present generation without
compromising the ability of future generations to meet theirs. In 1994, Elkington proposed the
Triple Bottom Line (TBL), where he refers to organizational performance as the management of
not only the economic capital, but also of the environmental and social capitals [1], [15]–[17].

[18] describe the three dimensions:

Environmental dimension: it has evolved from concerns about emissions from the source, dump-
ing, and environmental waste, to later focus on the local environment considering the entire life
cycle of the product. It currently focuses on the capacity of ecosystems to continue providing
goods and services [19].

Social dimension: it includes corporate social responsibility, which involves ethical decision mak-
ing in fields such as relationships with employees, community participation, and business manage-
ment practices through education and talent development [20]. Other authors include practices
such as health and security management systems, as well as the design of products and processes
which positively impact the consumers and workers’ well-being. This also includes actions that
contribute to the welfare of the community in which the SC operates [21].

Economic dimension: it consists of the total value improvement and cost reduction of the SC from
a business management perspective, as well as of strategic and sustainable initiatives that push the
company’s finances and marketing forward.

[1] states that SCs must adopt and prioritize sustainability while describing how sustainable
supply chains can be implemented and managed. Furthermore, [17] argue that organizational sus-
tainability initiatives are related to the evolution of business strategies in order to address social
impacts.

The most cited definition for GSCM is given by [7, p. 54], who denotes it as “integrating environ-
mental thinking into supply-chain management (SCM),including product design, material sourcing
and selection, manufacturing processes, delivery of the final product to the consumers as well as
end-of-life management of the product after its useful life”. This definition was mentioned in [22]–
[24].

For [6, p. 1700], SSCM is defined it as “the management of material, information and capital
flows as well as cooperation among companies along the SC while taking goals from all three di-
mensions of sustainable development, i.e., economic, environmental and social, into account which
are derived from customer and stakeholder requirements”. This definition was retrieved from [23],
[25]–[27].

For [28, p. 368], SSCM is “the strategic, transparent integration and achievement of an organi-
zation’s social, environmental, and economic goals in the systemic coordination of key interorga-
nizational business processes for improving the long-term economic performance of the individual
company and its SCs”. This definition was mentioned in [17], [29], [30].
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[31, p. 339] used a total of 22 definitions for GSCM and 12 definitions for SSCM. It was defined
as follows:

“The creation of coordinated supply chains through the voluntary integration of eco-
nomic, environmental, and social considerations with key inter-organizational business
systems designed to efficiently and effectively manage the material, information, and
capital flows associated with the procurement, production, and distribution of products
or services in order to meet stakeholder requirements and improve the profitability,
competitiveness, and resilience of the organization over the short and long-term.”

Circular economy has become of great importance and has incorporated the concept of circular
supply chain (CSC). [32, p. 884] defines CSCM as:

“the integration of circular thinking into the management of the supply chain and its
surrounding industrial and natural ecosystems. It systematically restores technical ma-
terials and regenerates biological materials toward a zero-waste vision through system-
wide innovation in business models and supply chain functions from product/service
design to end-of-life and waste management, involving all stakeholders in a prod-
uct/service.”

3.2. Management practices related to GSCM and SSCM
There are social and environmental practices of GSCM and SSCM. The former can be divided into
two organizational categories: intra-organizational, which includes green manufacturing, green de-
sign, and internal environmental management; and inter-organizational, which includes green pur-
chasing, collaboration with customers, inverse logistics, and investment recovery [33]–[36]. Each
of these practices is described below:

• Green design/ eco-design: it is the implementation of prevention strategies and source-oriented
approaches on the product. It includes a reduction in the use of materials, more durability, combi-
nations between production services, software updates, and manufacturing abilities [37], as well as
minimizing the environmental footprint of several products in their lifecycle [38].

• Green purchasing: it is the conscious purchasing activity of materials and supplies that ensure
the achievement of any established environmental goals [18].

• Reverse logistics: they are the process of planification, implementation, efficient flow control,
use of affordable raw materials, in-process inventory, finished products, and information from the
consumption point down to the origin point, aiming to regain the product’s value at the end of its
lifecycle for [39] its proper disposal or reuse, recycling, and remanufacturing [18], [40]. A topic
related with the concept of reverse logistics is Investment Recovery. It implies to recover, display,
and resell of surplus products, different materials (including scrap), and capital equipment when
they are inactive and redundant [41].

• ISO 14000/environmental management: this label indicates that the company has implemented
a management system that documents the aspects and effects of contamination resulting from the
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company’s activities, as well as identifying a process to prevent contamination and continuously
improving with time [42].

• Collaboration with customers and suppliers: [41] stated that having a proximity with part-
ners from the upstream and downstream SC, such as suppliers or customers, will facilitate an im-
provement in environmental performance. Several authors have researched the selection of ‘green’
suppliers. Their integration with the main suppliers and customers has been positively related to
environmental collaboration [43].

• Green manufacturing: it can be defined as manufacturing practices which do not damage the
environment during any of their stages [7]. It implies applying ‘green’ or ecological product de-
sign, the use of raw materials and their containers, and the distribution and reuse of the product at
the end of its lifecycle. It diminishes the depletion of natural resources and reduces waste [44], [45].

When it comes to the social dimension, the difficulties in evaluating and defining it are recognized
in literature [9], since it depends on the context and tends to change, in addition to the complexity
of its measurement and quantification. [21] suggest the following concepts to cover this dimension
of SCs:

• Labour practices: it includes equity, philanthropy, security, health and well-being, ethics, and
human rights [46].

• Product responsibility: in 2000, the Global Reporting Initiative (GRI) defined practices such
as health and security of customers, labeling of products and services, marketing communications,
customer privacy, and regulatory compliance [21].

• Community relationships: it includes local actions such as purchasing from and developing lo-
cal suppliers; helping with the construction of schools, educative centers for young people in order
to generate employment, community centers, and drinking water facilities for the communities [47].

• Socially responsible purchasing: it is considering the positive consequences of organizational
purchases or generating a positive social change through purchasing behavior [48].

3.3. SC performance measures
The metric and environmental indicators for sustainable development in SCs are focused on the

measurement of recycled materials, product waste, water contamination, CO2 emissions, chem-
ical substances, water and energy consumption, renewable energy, and environmental certifica-
tions [24]. [23] identified the most frequent indicators for GSCM and SSCM present in the liter-
ature: product characteristics, quality, recycling, solid waste, flexibility, environmental manage-
ment systems, customers satisfaction, carbon footprint, lifecycle assessment, profitability, cost,
consumption and use of energy, energetic efficiency, environmental costs, share of the market, re-
duction of air emissions, and greenhouse gas [18], [49].
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The following indicators related to the economic and environmental dimensions have been de-
fined: 1) atmospheric emissions; 2) solid waste; 3) consumption of dangerous and toxic materi-
als; 4) inventory levels; 5) product quality; 6) capacity use; 7) operational costs; and 8) training
costs [40]. From the social perspective: employee motivation, level of effort to raise the consumer’s
awareness about sustainability, customer and employee satisfaction, and number of conferences or
exhibitions about sustainable development [18].

3.4. SC collaboration
[50, p. 4673] define collaboration as “a relational system in which two or more interested parties
group the resources to accomplish objectives that none of them could accomplish individually”.
The Handbook on the Sustainable Supply Chain (2019), chapter 6 presents the importance of col-
laboration and coordination between SC stakeholders, in order to achieve the objectives in terms of
sustainability and accomplish effective product recycling policies.

[51] states that the most frequently used forms of collaboration contracts, information exchange,
information technologies, and simultaneous decision-making. [52] evaluate logistic performance
with the dynamic approach of systems when analyzing external integration mechanisms: contracts,
vendor manage inventory (VMI), collaborative planning, collaborative planning forecasting and re-
plenishment (CPFR), and information exchange.

Collaboration involves a joint and interactive process that results in activities and decisions em-
phasized the formalization of relationships [53]. In this way, companies aim to a competitive ad-
vantage through SC collaboration, and make the best from of the suppliers and customers resources
and knowledge. This coordinates and integrates SC products and information flow [54]. [55] con-
clude that there is a growing group of researchers that is investigating the relationships between
collaboration and sustainability, as well as the performance of the company in terms of economic,
environmental, and social indicators.

3.5. GSCM and SSCM drivers
Due to the strategic pressures and motivations from various interested parties, companies are

adopting GSCM in order to extend the environmental sustainability objectives to their suppli-
ers [56], as well as to every person involved in the SC. The proper functioning of an SSC requires
collaboration between its members [16], [26]. Applying sustainable business strategies worldwide
can increase benefits through important gains in operational efficiency by reducing waste and global
costs. This improves communities through an agreement on acceptable work conditions and com-
pliance with regulations. It minimizes dependence on scarce environmental resources (water and
raw materials) by guaranteeing long-term viability [20]. [56] claim that environmental sustainabil-
ity can be used to differentiate the product and thus increase the value of the product.

[15] define exogenous and endogenous motivators for the SSCs. Among the former, we find
environmental regulation, values and social norms, and market drivers. Strategy, culture, and re-
source base are, in turn, defined as endogenous motivators. Three topics were identified within the
manufacturing firms which sum up the sustainability efforts: new manufacturing technology and
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more sustainable processes; the development of ecological products; and the integration of best
green practices. For their part, [30] mention the following as internal motivators: improving the
capacities of the company’s SSC to match with green clients; managing expectations and demand
to achieve best business performance; and engaging green customers over competitors. As external
motivators, government regulations, green clients demand, and community expectations are de-
fined.

[22] identified the three main critical factors in the analysis for the implementation of GSCM:
improved brand image, competitiveness of the company and economic benefits.

3.6. GSC and SSC modeling
[10] carry out a review on the GSSC quantitative model and classify them into 5 types: mathemat-
ical programming methods, simulation methods, heuristic methods, hybrid methods, and analytic
models. In this article, an analysis is carried out on mathematical programming models and simu-
lations.

[57] found that the main areas of publication are manufacturing, food, and electronics indus-
try. Similarly, [58] reviewed the literature related to modeling and found that energy, electronics,
and agriculture are the most referenced fields. Applications are found in different sectors: food
SC [59]–[66] biofuel SC [67]–[71], fashion SC [24], [72], waste electrical and electronic equip-
ment CS [73], [74].

In the field of mathematical programming, mathematical multi-objective programming mod-
els stand out by aiming to minimize the total costs and carbon emission [75]–[77], linear mod-
els [69], [78], non-linear [79], fractional [80], routing [81].To have a better approach to reality,
modeling a series of fuzzy [82], [83], and stochastic variables have been included [84]. Related to
their functions and objectives with social factors, we found models that maximize the number of
employees [78], evaluate suppliers [85], reduce workdays lost due to work accidents [83], and max-
imize food safety [86]. Similarly, [87] proposed multicriteria decision methods and structural equa-
tions modeling (SEM), aiming to maximize the total value of sustainable purchase performance and
partial least squares SEM (PLS-SEM), which facilitate the development of sustainable SC prac-
tices and have an effect in competitive advantage [21]. Some solution methods used ε constraints
to solve multi-objective models [78], [80] , as well as using Pareto optimality [79], [86], GAMS
software [85], [84], hybrid multi-objective approaches [81], and genetic algorithms [83], [77].

Regarding simulation models, [66] evaluate two scenarios where logistic costs, product quality,
energy use, and CO2 emissions are compared. [88] also used simulation based on agents, seeking
to minimize logistic costs along with the minimization of total costs and total carbon emissions.
In system dynamics, [89] simulates Hubbert’s peak, which considers the lifespan of coal deposits
and evaluates their long-term sustainability. [90] analyze the robust closed loop SC operations and
present relative strategies with robust H∞ controlling methods. Through system dynamics, [91]
evaluates the selection of sustainable suppliers and aims to ensure that suppliers maintain their sta-
tus for a long period of time.
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[52] simulate and study the use of multimodal transportation on the performance of the food sup-
ply logistics of uchuva SCs through the system dynamics approach. They consider transportation
costs, total transportation time, food loss due to transportation and inventory, and CO2 emissions
caused by mode of transportation. [92] simulate and evaluate sustainability in a closed supply
chain, considering customer satisfaction and impact and the green image factor as an environmen-
tal factor. [93] use simulation based on GIS (Geographic Information Systems) to evaluate electric
demand and supply at the neighborhood level through discrete simulation, seeking to reduce the
negative impact on customers satisfaction levels, as well as the way to optimize routes and compare
sevarl solutions in terms of truck fleets to reduce CO2 emissions. [94] explore the possibilities of
applying the reengineering process available with RFID in closed cycle SCs, and [95], also using
discrete simulation, analyze the consequences of risk in terms delay/disturbance using the Monte
Carlo Simulation.

Among the environments, we can highlight well-known software such as STELLA [89], VEN-
SIM [92], [91], iThink [52], and ARENA [94]. There are also specialized environments like AL-
ADIN [66] y PROSIM [96].

We found 19 articles about modeling with environmental and economic actors, 9 of which include
the three pillars: social, environmental and, economic. However, none of them had a solely socio-
economic or social-environmental focus. [97] did not find either any model that considered only the
social environmental aspect; but they found 3 articles that considered the socio-economic aspect.
Similarly, [10] found 28 articles with the three pillars, 61 with environmental-economic, 2 with
social-economic, and 1 with social-environmental approaches.

Fig 2. Sustainability approaches in modeling according to the reviewed articles

4. Trends and future investigations
There is a bias in terms of the number of articles dealing exclusively with research on the en-

vironmental impact of SCs. Thus, there is a need to evaluate the three sustainability pillars to

364 INGENIERÍA • VOL. 25 • NO. 3 • ISSN 0121-750X • E-ISSN 2344-8393 • UNIVERSIDAD DISTRITAL FRANCISCO JOSÉ DE CALDAS
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Fig 3. Synthesis of results
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understand the interrelationship between the social, economic, and environmental dimensions [9].
Moreover, the analysis should be expanded beyond greenhouse gas emissions to encompass lifecy-
cle approaches that include new social measures [81], [86].

A series of important contributions to the analysis of SC performance in terms of sustainability
and the importance of its three pillars in decision-making strategies using quantitative models have
been observed [87]. In the same way, the need to carry out theoretical and empirical research about
the way forward to fulfill the SCS has been stated [97].

Furthermore, it is important to develop models that consider uncertainty and risk [81], since most
models are deterministic, and complexity has not yet been modeled by including environmental
and social factors [86]. Also, it is recommended to integrate tactical and strategic decisions into the
models [97]. Moreover, it is required to analyze SC design with different structures and configura-
tions to evaluate the pillars of sustainability [75], [97].

Additionally, the potential for collaboration is seen as a competitive advantage [55]. In this sense,
there is growing number of research groups investigating the relationships between collaboration
in terms of sustainability and company performance based on economic, environmental, and social
indicators [55], with quantitative methods being an opportunity for research on the relationship
between sustainability and collaboration.

There is increasing interest in emerging economies [1], [98], [47], circular economy [99], [100],
along with circular supply chains [32], [11], [101] and the use of 4.0 technologies in this con-
text [102]. Therefore, future research should be oriented towards topics such as designing for
circularity, collaboration, and coordination into CSCM (Circular Supply Chain Management), pur-
chasing and CSC, biodegradable containers for CSCM, and circular consumption.

In Fig. 3, there is a synthesis of the findings of the literature review. Firstly, we found, from the
sustainability perspective, how the TBL offers an approach from the 3 dimensions or pillars which
has been covered in by literature in traditional SCM, GSCM, and SSCM, with external and internal
motivators that drive the manufacturing structure and include sustainable objectives. In the same
way, these motivators drive the deployment of social and green SC practices, where it is impor-
tant to highlight collaboration to involve the parties and to have an impact in SC development. In
addition, trade-off are found in the decision-making process within the context of SCs and sustain-
ability, an approach that has raised interest among researchers.

5. Conclusions
From the literature review, we can highlight the fact that the concept of sustainability has gained
great relevance in all directions, incorporating itself into the supply chain with its three dimensions,
which, beyond economic benefits, are oriented toward the importance of SC actors to contribute
positively to the environment and society.
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There has been a growing interest in SC research during the last 19 years, particularly in 2019,
which witnessed a great interest from scholars in Green and Sustainable Supply Chain Manage-
ment. It should be noted that SSCM is an extension of GSCM [31], and it includes the 3 dimensions
of sustainability, which comes from a bigger understanding of social and environmental aspects.

The relevance of GSCM and SSCM is based upon both internal and external supply chain drivers,
which are generated due to pressure from stakeholders and motivated from the benefits that could
be gained when sustainable requirements are accomplished. Likewise, these motivators drive the
deployment of operational practices containing a series of social and environmental factors that in-
fluence the performance of SCs. Therefore, it is possible to find different indicators in the literature
to measure environmental impact. However, several authors mention the need for improving the
quantifying of social impacts.

Additionally, the literature review shows that collaboration within the SC is a primary factor, as
it has positive impacts in sustainable objectives, thus contributing to achieve the aforementioned
practices mentioned and improving performance. It is worth delving into the current characteristics
required by SC actors, defining indicators to monitor compliance with the principles of sustainabil-
ity, as well as achieving economic, environmental and social development, the latter being the least
referenced in SCM.

When it comes to the modeling and simulation of GSC and SSC, we observed that, in the last
decade, scholars have increasingly participated in the modeling of environmental and social fac-
tors, which are still a challenge in terms of definition and measurement. In the same way, some
authors conclude that there is a need to incorporate risk management and uncertainty into the for-
mal modeling of strategic and tactical decisions, as well as implementing mixed models that allow
approaching to the current SC issues.

Thereupon, we can observe that quantitative methods and their distinct applications in different
industrial areas are a current research topic. Additionally, circular economy recently merged with
this field, given its perceived importance as an alternative to transform productive systems with
defined principles and strategies with the objective of being environmentally viable, valuing waste,
and optimizing the use of raw materials. Moreover, its implementation requires the participation
of all the actors in supply chain and beyond, which is something that we have previously learned
about the operation of green and sustainable supply chains. Finally, the incorporation of technology
and Industry 4.0 into the fields of sustainable supply chains and circular economy brings research
opportunities that open up one of the most promising lines of development for the literature and
applied work in the coming years.
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6. First appendix

A review of SSCM optimization models in the literature
Table I. A review of SSCM optimization models in the extant literature Multi Objective Particle Swarm Optimization
(MOPSO), Multi-objective Hybrid Approach, Multiple Criteria Decision Making (MCDM), Adapted multi-objective

variable neighborhood search (AMOVNS), Structural equation modeling (SEM)

Authors Model
type/technique

Solution
Method

Model
Objective Approach

[79] MINLP Pareto
Optimal

Maximization of the net
present value (NPV) and the

minimization of the
environmental impact.

Economic
Environmental

[67]
RM /

RNA /
DS

Approximation
to zero

Mean Square
Error

Predicting future behavior
within Panela cane

production, taking into
account use of the land,

contamination, food security,
price of bioethanol.

Social
Economic

Environmental

[87] ANP MCDM

Determining design
requirements effective

in achieving
sustainable CS.

Social
Economic

Environmental

[84] MO- MINLP stochastic GAMS

Maximize total benefits
provided by product

sales minus installation,
investment, logistics,
and disposal costs.

Economic
Environmental

[78] MO- MILP ε− constraint

Minimizing total costs;
measuring the life cycle

greenhouse gas emissions
and the number of
accrued local jobs.

Social
Economic

Environmental

[103] MO-MIP

Accelerated
Benders

decomposition
algorithm (BDA)

Minimizing total cost,
minimizing environmental
impact, and maximizing

social responsibility.

Social
Economic

Environmental

[80] MILFP ε− constraint
Minimizing cost

and
environmental impact

Economic
Environmental

[77] MO
GA (NSGA-II,

MOGA-II,
HYBRID)

Minimizing CO2 emissions
from transportation and

total costs in the
distribution chain.

Economic
Environmental

[69] MILP GAMS

Minimizing total cost of
the chain throughout a
planning horizon of the

supply network of
biodiesel production.

Economic
Environmental

[81] 2E-LRPTW
MHPV

(MOPSO-
AMOVNS)

Supply Chain Network
design and optimizing

economic and environmental
objectives in a

perishable food SC.

Economic
Environmental
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Authors Model
type/technique

Solution
Method

Model
Objective Approach

[82]
SEM, Fuzzy

AHP (FAHP),
Fuzzy MOLP

SEM

Minimizing purchasing,
production and delivery

cost; and improving perform
logistics activities
across economic,

environmental, and
social dimensions.

Economic
Environmental

[85] DEA
GAMS

Technique
alpha

Sustainable supplier
performance evaluation

and selection.

Social
Economic

Environmental

[76] MO GA (MOGA-II)

Minimization of the sum
of carbon emission,

maximizing the ‘greening’
effect, and minimization

of the sum of costs
associated with

product distribution.

Economic
Environmental

[39] MO
MHPV

(MOPSO
AMOVNS)

Minimizing total
costs and

environmental effect.

Economic
Environmental

[104] MIC
MAC -

Analysis to test a
framework SCCM drivers

and their relationships.

Social
Economic

Environmental

[83] Fuzzy MO GA

Total profit optimization,
reduction of lost working
days due to occupational
accidents, maximizing

responsiveness to
customer demand.

Social
Economic

Environmental

[86] MO Pareto
Optimal

Minimizing total cost,
impact on food

security, and emissions
of greenhouse gases.

Social
Economic

Environmental

7. Second appendix

Selected articles dealing with simulation in GSCM and SSCM studies
Table II. Selected articles dealing with simulation in GSCM and SSCM studies

Authors Simulation
paradigm

Simulation
environment Model Objective Approach

[89]
System

dynamics
simulation

STELLA

Simulating Hubbert’s Peak,
particularly for the
Chinese raw coal

production.

Economic
Environmental

[66] Agent-based
simulation

ALADIN
(Agro-Logistic
Analysis and

Design
INstrument)

Two scenarios are evaluated.
Logistics costs, deterioration

of product quality, energy use,
and CO2 emissions are

compared.

Economic
Environmental
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Authors Simulation
paradigm

Simulation
environment Model Objective Approach

[90]
System

dynamics
simulation

LMI Toolbox
of MATLAB

Analyzing robust
operations in

closed-loop supply
chains and bring forward

relative strategies with
robust H∞ control methods.

Economic
Environmental

[96]
Discrete

event
simulation

PROSIM,
Pharmaceutical

Retail
Organization

using
SIMulation

Reducing the negative impact
on the customers’ satisfaction
level (technical sustainability),
optimizing the routes followed
by each transportation vector

(technical, economic, and
environmental sustainability),

as well as comparing
in terms of truck fleets in order

to reduce CO2 emissions
(environmental and economic

sustainability).

Social
Economic

Environmental

[88]

Optimization
and

Agent-based
simulation

Solving the supply chain
management problem

(logistic costs), minimization
of total cost and environmental

impact.

Economic
Environmental

[93] GIS-based
simulation

Assessing electricity
demand and supply at

the neighborhood level.

Economic
Environmental

[94]
Discrete

event
simulation

ARENA

Exploring the possibilities
to apply RFID-enabled
reengineering in closed

loop supply chain design.

Economic
Environmental

[95]
Discrete

event
simulation

Monte Carlo

Operational GSC risk evaluation
and management by capturing
of uncertainty and evaluating
risks by means of simulation

to demonstrate the
delay/disturbance consequences

of the risk. Case example of
an Indian poly plastic

manufacturing company.

Economic
Environmental

[91]
System

dynamics
simulation

VENSIM

Selecting sustainable suppliers
and ensuring that suppliers
maintain their performance
for a long period of time.

Economic
Environmental

[92]
System

dynamics
simulation

VENSIM PLE

Evaluating the system behavior
of an electrical manufacturing
company as a case of study;

simulating a closed-loop supply
chain, in consideration of
customer satisfaction and

Green Image Factor.

Economic
Environmental
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Authors Simulation
paradigm

Simulation
environment Model Objective Approach

[52]
System

dynamics
simulation

ITHINK

Studying the impact of using
multimodal transport over
the logistics performance
of an uchuva food supply,

using indicators like
transportation costs, total

time of transport, food
loss due transport

and inventory,
CO2 emissions.

Economic
Environmental
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https://doi.org/10.1002/csr.198
https://doi.org/10.1002/csr.198
http://dx.doi.org/10.1016/j.spc.2016.02.001
http://dx.doi.org/10.1016/j.spc.2016.02.001
https://doi.org/10.1080/00207543.2011.628709
https://doi.org/10.1016/j.jclepro.2019.04.367
https://doi.org/10.1016/j.jclepro.2019.04.367
https://doi.org/10.17584/rcch.2016v10i2.5073
https://doi.org/10.17584/rcch.2016v10i2.5073
https://doi.org/10.1007/s13198-012-0114-9
https://doi.org/10.1007/s13198-012-0114-9
https://www.tandfonline.com/doi/full/10.1080/00207540903349039
https://doi.org/10.1016/j.ijpe.2017.04.005
https://doi.org/10.1016/j.jclepro.2016.09.114
https://doi.org/10.1016/j.jclepro.2016.09.114
https://doi.org/10.1016/j.jclepro.2016.11.023
https://doi.org/10.1016/j.jclepro.2016.11.023
http://dx.doi.org/10.1007/s10479-015-1853-1
http://dx.doi.org/10.1007/s10479-015-1853-1
https://doi.org/10.1108/13598540610671761
https://doi.org/10.1065/lca2006.07.259
https://doi.org/10.1065/lca2006.07.259
https://doi.org/10.1108/13598540510578315
https://doi.org/10.1108/13598540510578315
https://doi.org/10.1016/j.foodres.2005.04.006
https://doi.org/10.1016/j.foodres.2005.04.006
http://dx.doi.org/10.1016/j.gloenvcha.2013.08.004
http://dx.doi.org/10.1016/j.jclepro.2014.04.083
http://dx.doi.org/10.1016/j.jclepro.2014.04.083


J.P. Gamboa • C. E. Moreno-Mantilla • and J. A. Orjuela-Castro

food manufacturing sectors: A life cycle-based frontier approach”, Resources, Conservation and Recycling,
vol. 82, pp. 8–20, 2014. http://dx.doi.org/10.1016/j.resconrec.2013.10.008 363

[66] J. G. Van Der Vorst, S. O. Tromp, and D. J. Van Der Zee, “Simulation modelling for food supply chain redesign;
Integrated decision making on product quality, sustainability and logistics”, International Journal of Production
Research, vol. 47, no. 23, pp. 6611–6631, 2009. https://doi.org/10.1080/00207540802356747
363, 364, 369

[67] J. A. Orjuela, I. Huertas, J. Figueroa, D. Kalenatic, and K. Kadena, “Potential production bioethanol from the
Panela Cane: dynamics between pollution, food safety and land use”, Ingenierı́a, , no. 1, pp. 6–26. https:
//doi.org/10.14483/23448393.3689 363, 368

[68] I. Awudu, and J. Zhang, “Uncertainties and sustainability concepts in biofuel supply chain management: A
review”, Renewable and Sustainable Energy Reviews, vol. 16, no. 2, pp. 1359–1368, 2012. http://dx.
doi.org/10.1016/j.rser.2011.10.016 363

[69] J. A. Aranda, M. J. Barón , I. Huertas , and J. A. Orjuela, “Mathematical Programming Model of Biodiesel
Supply Chain in Colombia”, Ingenierı́a, vol. 19, no. 1, pp. 19–49, 2014. https://doi.org/10.14483/
udistrital.jour.reving.2014.1.a02 363, 368

[70] J. A. Aranda, and J. A. Orjuela, “Multiobjective optimization in biofuel supply chain management. A review of
the literature”, Ingenierı́a, vol. 20, no. 1, pp. 2–3, 2015. https://doi.org/10.14483/udistrital.
jour.reving.2015.1.a03 363

[71] T. M. Mata, A. A. Martins, S. K. Sikdar, and C. A. Costa, “Sustainability considerations of biodiesel based
on supply chain analysis”, Clean Technologies and Environmental Policy, vol. 13, no. 5, pp. 655–671, 2011.
https://doi.org/10.1007/s10098-010-0346-9 363

[72] R. Mahmoudi, and M. Rasti-Barzoki, “Sustainable supply chains under government intervention with a real-
world case study: An evolutionary game theoretic approach”, Computers and Industrial Engineering, vol. 116,
pp. 130–143, 2018. https://doi.org/10.1016/j.cie.2017.12.028 363

[73] P. Georgiadis, and M. Besiou, “Sustainability in electrical and electronic equipment closed-loop supply chains:
A System Dynamics approach”, Journal of Cleaner Production, vol. 16, no. 15, pp. 1665–1678, 2008. https:
//doi.org/10.1016/j.jclepro.2008.04.019 363

[74] P. Georgiadis, and M. Besiou, “Environmental and economical sustainability of WEEE closed-loop supply
chains with recycling: A system dynamics analysis”, International Journal of Advanced Manufacturing Tech-
nology, vol. 47, pp. 475–493, 2010. https://doi.org/10.1007/s00170-009-2362-7 363

[75] K. Govindan, A. Jafarian, and V. Nourbakhsh, “Bi-objective integrating sustainable order allocation and sustain-
able supply chain network strategic design with stochastic demand using a novel robust hybrid multi-objective
metaheuristic”, Computers and Operations Research, vol. 62, pp. 112–130, 2015. http://dx.doi.org/
10.1016/j.cor.2014.12.014 363, 366

[76] S. Validi, A. Bhattacharya, and P. J. Byrne, “A solution method for a two-layer sustainable supply chain dis-
tribution model”, Computers and Operations Research, vol. 54, pp. 204–217, 2015. http://dx.doi.org/
10.1016/j.cor.2014.06.015 363, 369

[77] S. Validi, A. Bhattacharya, and P. J. Byrne, “A case analysis of a sustainable food supply chain distribution
system - A multi-objective approach”, International Journal of Production Economics, vol. 152, pp. 71–87,
2014. http://dx.doi.org/10.1016/j.ijpe.2014.02.003 363, 368

[78] F. You, L. Tao, D. J. Graziano, and S. W. Snyder, “Optimal design of sustainable cellulosic biofuel supply chains:
Multiobjective optimization coupled with life cycle assessment and input-output analysis”, AIChE Journal,
vol. 58, no. 4, pp. 1157–1180, 2012. https://doi.org/10.1002/aic.12637 363, 368

[79] G. Guillén-Gosálbez, and I. E. Grossmann, “Optimal design and planning of sustainable chemical supply chains
under uncertainty”, AIChE Journal, vol. 55, no. 1, pp. 99–121, 2009. https://doi.org/10.1002/aic.
11662 363, 368

[80] D. Yue, M. Kim, and F. You, “Design of Sustainable Product Systems and Supply Chains with Life Cycle Op-
timization based on Functional Unit: General Modeling Framework, MINLP Algorithms”, ACS Sustainable
Chemistry and Engineering, vol. 1, pp. 1003–1014, 2013. https://doi.org/10.1021/sc400080x
363, 368

[81] K. Govindan, A. Jafarian, R. Khodaverdi, and K. Devika, “Two-echelon multiple-vehicle location-routing prob-
lem with time windows for optimization of sustainable supply chain network of perishable food”, International
Journal of Production Economics, vol. 152, pp. 9–28, 2014. http://dx.doi.org/10.1016/j.ijpe.
2013.12.028 363, 366, 368
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Distrital Francisco José de Caldas. Researcher in Supply Chains, Logistics, and Traceability, GICALyT.

E-mail: jannapaola.gamboa@cemex.com, jpgamboab@correo.udistrital.edu.co

Javier Arturo Orjuela Castro

Food Engineer, Industrial Engineer, and specialist in Production Engineering, Universidad Distrital Francisco José de
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