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ABSTRACT 
Sustainability of supply chains (SCs) and supply chain 

optimization is a topic of increasing interest in academia and 

industry. Although several authors have studied various 

aspects optimization and sustainability of SC, there is still a 

gap in understanding sustainable development of SCs. The 

aim of this study is to bridge this gap and to better understand 

interdependencies between economic, environmental and 

social dimensions of sustainability. To fulfill the research 

objective, this study examines 50 peer-reviewed articles 

published literature in the field of sustainable SCs and SC 

optimization. Selected papers used mathematical modeling 

techniques (optimization) as research methodology combined 

with one or more dimensions of sustainability. Findings of this 

work indicate that there are several SC optimization models 

addressing all three dimensions of sustainability 

simultaneously, and social dimension of sustainability is the 

least studied aspect. Furthermore, an application taxonomy of 

mathematical modeling approaches used in sustainable SCs is 

provided. Future research should shift the focus from models 

dealing primarily with economic and environmental 

dimensions towards more balanced models that include all 

three sustainability aspects. This paper enhances 

understanding how was sustainability principles are 

incorporated into mathematical models for SC optimization, 

and provides SC optimization models with pertinent 

sustainability indicators. 

 

Keywords: sustainability, supply chains, mathematical modeling, 

optimization, literature review 

1. INTRODUCTION 
Increased globalization and fierce competition are 

forcing companies to be more efficient and flexible. 

Companies should match demanding economic objectives 

and at the same time operating in a sustainable manner as 

well as they should meet consumer needs (Barbosa-Póvoa, 

2012). Sustainable development of SCs is a crucial part of 

any business and efficient SCs are imperative for high-

quality products and for on-time delivery. Therefore, 

operating SCs in a sustainable manner is a complex 

endeavor, whose complexity depends on the number of 

echelons, materials, and services within SCs (Barbosa-

Póvoa, 2014). According to Papageorgiou (2009), modern 

industrial enterprises consist of multiple operations, sites 

and facilities, which can be located in different countries, 

regions, or parts of the world. The author further argues that 

different activities of SCs including planning, cooperation 

and coordination, and responsiveness to customer demands 

need to be considered to ensure effectiveness, 

competitiveness, sustainability, and growth of SCs. 

Supply chain management (SCM) involves movement of 

material and services from upstream to downstream 

operations of SCs. In today’s global and competitive 

environment, SCM and decision-making process arises both 

from strategic and operational standpoints (Papageorgiou, 

2009). According to Ganeshan and Harrison 

(1995),decision-making process and SCM can be divided 

into:1) location, 2) manufacturing, 3) backlog, and 4) 

logistics while operational, tactical and strategic decisions 

are present in all these levels. The goal of SCM is to 

systematically integrate suppliers, manufacturers and 

consumers for goods and services to be manufactured and 

distributed in the correct place, accurate time, and in the 

right amount, while simultaneously ensuring maximum SC 

performance (Ruiz-Femenia et al., 2013). A simplified SC 

network structure is presented in Figure 1. Usually, SCs 

are characterized by five levels (echelons): 1) raw material 

extraction, 2) processing of raw material into final products, 

3) storing products, 4) delivery of products to retailers, and 

5) purchasing of final products at retail outlets by 

consumers. 
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Figure 1 Simplified Representation of a Supply Chain Network Structure. 

 

SCs players’interest in sustainability is growing and is 

becoming a major focus of SCM. Sustainable development 

research of SCs is based on principles, which include 

economic, environmental and social aspects. Many research 

papers have been published on the topic of sustainable SCs 

and SCM including qualitative and quantitative research 

approaches. While there are several published review 

papers dealing with economic and environmental aspects of 

sustainability, there are few review papers dealing explicitly 

with all three dimensions of sustainability. Furthermore, 

there is lack of review papers, where sustainability and 

optimization of SCs is integrated with SCM and decision 

making from economy, environment and society 

standpoint. Therefore, the objective of this paper is to 

bridge this gap. 

In other words, the main idea of this paper is to review 

scientific papers dealing with issues in SCs and SCM that 

encompass either one or more dimensions of sustainability, 

namely: economic, environmental or social. All reviewed 

papers incorporated mathematical models including linear 

and nonlinear with integer and mixed-integer variations, 

and binary decision variables for selection of SCs network 

structure topology. Papers selection process is based on 

following research questions: 1) which sustainability 

dimensions are considered in each article? 2) Which 

sustainability aspects of SC are covered by mathematical 

models? 3) What objectives and how mathematical models 

for sustainable SCs are formulated? 

This paper is structured as follows:Section2describes 

the methodology and criteria used for selection of articles; 

Section 3,discussesdimensions of sustainability and their 

integration in SCs; Section 4 depicts different methods and 

mathematical modeling formulation used in SC 

optimization. Material reviewed is divided based on single-

criteria and multi-criteria decision-making models. In 

addition, applications of mathematical models in different 

areas of sustainable SCs and are provided. Finally, Sections 

5 and 6 discuss the findings, future research directions and 

conclusions of this paper. 

2. REVIEW METHODOLOGY 
2.1 Paper Selection Process 

This study follows the guidelines proposed by Rowley 

and Slack (2004), which include following steps:  

 Searching and selection of papers 

 Extraction of relevant information 

 Organizing literature review 

 Building and expanding the bibliography and 

 Writing literature review. 

An extensive search of relevant literature between 

2000 and 2017 was done to gather relevant peer-review 

papers on literature of sustainable SCs and SC optimization. 

This time period was selected as most papers have been 

published after 2000(Seuring and Müller, 2008). 

The searching process for peer-reviewed papers was 

initiated from the scientific research database–Science 

Direct (http://www.sciencedirect.com). Science Direct was 

selected as main source of peer-review papers for two 

reasons. First, Science Direct database is indexing majority 

of influential scientific journals, especially technical 

journals. Second, Papers covering sustainability and 

optimization of SCs are mostly published in technical 

journals. 

The following keywords were used in searching 

process: supply chain, supply chain optimization, and 

sustainable supply chain. These keywords were used in a 

Boolean search in combination with following terms: 

mathematical modeling, green supply chain, sustainability, 

environmental sustainability, and social sustainability. 

Backtracking of papers for earlier sources and forward-

tracking for relevant sources to find papers that we could 

not locate using keywords search, were also implemented. 

Papers that did not fulfill all following criteria were 

not selected for this review: 1) article should be written in 

English and published in a peer-reviewed journal; 2) paper 

should use mathematical modeling (optimization) as 

research methodology for decision making; 3) objective 

functions or constrains of the models should consider 

explicitly economic, environmental, or social aspects of 

sustainable SCs. 

Based on this process we selected 50 articles, which 

consist the final sample of this study. After this phase, we 

extracted relevant information from each selected study. 

This information is broadly divided into two main 

categories: SC sustainability (Section 3)and mathematical 

modeling (optimization) (Section 4), and these categories 

are further divided into several sub-categories. 

 

2.2 Distribution of papers by publication source 

and year 
The selected papers were organized into several 

different categories according to research questions of this 

study. First categorization was done based on the 

sustainability dimensions, namely economic, 

http://www.sciencedirect.com/
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environmental, and social sustainability. Second 

categorization classified papers based on the indicators 

and/or objective functions of given mathematical models. 

Third categorization was done based on the mathematical 

modeling formulation used in the reviewed papers, and 

fourth categorization classified papers based on applications 

of optimization models in different areas of SCs. 

Several review papers are published in the last two 

decades that address various aspects of SCs, e.g., SC 

management Croom et al. (2000), green aspects of SCs 

Srivastava (2007), global SC models and design Meixell 

and Gargeya (2005),and multi-objective optimization 

Trisna et al. (2016).Besides, review papers related to SC 

optimization and sustainability are listed in Table 1. 

From Table 1 it is evident that there has been 

extensive research interest in SC optimization and various 

topics connected with SCs and sustainability. Based on that, 

it is noticeable that SCs have received significant attention 

from research community, and research interest on this area 

seems to continue in the future, as the next figure indicates.  

Figure 2 presents distribution of reviewed papers over the 

time period of seventeen years. Clearly, there search 

interest in the field of sustainable SCs has been increasing 

steadily over the years, and this trend is notably oriented 

towards environmentally and socially sustainable SCs. In 

addition, there is also increasing interest on optimization 

related problems of SCs. 

Publication source of selected articles is shown in 

Figure 3. It is clear that there are many journals publishing 

papers related to sustainability and optimization of SCs. 

The highest number of papers per journal is in “Journal of 

Cleaner Productions” and “Computer and Industrial 

Engineering”. While the total number of journals is 22, 

around half of them have published only one paper included 

in our sample. 

Furthermore, from Figure 3 it is evident that the 

reviewed papers are published in wide variety of journals, 

which indicated that sustainability and SCM has gained 

attention from wide variety of research fields. 

3. SUSTAINABILITY OF SUPPLY 

CHAINS 
3.1 Dimensions of Sustainability 

Sustainable development of SCs includes economic, 

environmental and social aspects of sustainability within 

SCs (Giddings et al., 2002), while keeping SC partner 

communications at high level at any given moment (Burritt 

and Schaltegger, 2014). The term three dimensions of 

sustainability, sometimes referred to as the triple bottom 

line, was first used by Elkington (2001). In recent years, 

sustainability is becoming an important part of everyday 

decision-making process of enterprises within local and 

global SCs. Furthermore, as mentioned before sustainability 

is generally divided into three different aspects, based on 

the area of interest: economic sustainability, deals with 

costs and financial stability of SCs; environmental 

sustainability, deals with the impact of the SCs on the 

environment; and social sustainability, studies the impacts 

of SCs on societies, human well-being, and stakeholders 

(Bhinge et al., 2015). 

 

Table 1 Chronological List of Previous Literature Reviews on Various Topics in SCs. 

Authors Focus 

Min and Zhou (2002) Challenges and difficulties associated with supply chain design and modeling. 

Grossmann (2004) 
Industry trends in supply chains including product discovery and design, supply chain 
optimization and global life cycle assessment. 

Shah (2005) Supply chain network design, planning and scheduling with industrial applications and modeling. 

Papageorgiou (2009) 
Mathematical modeling for advance decision making at strategic and operational level of process 
industries.   

Barbosa-Póvoa (2012) Optimization and sustainability in supply chains of process industries. 

Grossmann (2012) 
Deterministic and non-deterministic models, economic and environmental impacts of supply 
chains. 

Basnet and Seuring (2014) Supply chain strategies of product demand. 

Barbosa-Póvoa (2014) 
Design of supply chains in process industry with consideration of uncertainties, risk and 
sustainability. 

Eskandarpour et al. (2015) Multi-objective optimization of supply chain network design and sustainability. 

Trisna et al. (2016) Techniques and modeling approaches used for multi-objective optimization of supply chains. 

 

 
Figure 2 Number of Reviewed Papers Published per Year for the Period Covered by the Study. 
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Figure 3 Distribution of Reviewed Papers per Journal. 

 

 
Figure 4 Distribution of Sustainability Dimensions by Reviewed Papers. 

 

In Figure 4 dimensions of sustainability are presented, 

where the blue, green and red colors represent economic, 

environmental and social dimensions of sustainability, 

respectively. Half of the reviewed papers studied both 

environmental and economic dimensions of sustainability. 

While none of the articles selected have studied explicitly 

social and economic dimension. Reason for this is because 

most papers studied sustainability issues related to industry, 

which has enormous environmental impact. The rest of the 

papers (11) have included all three dimensions of 

sustainability into their models. The economic dimension is 

studied in all aspect of SC sustainability (Garcia-Herreros et 

al., 2014; Lababidi et al., 2004; Oliveira et al., 2013)  while 

environmental dimension of sustainability is addressed in 

half of the papers reviewed (Hugo and Pistikopoulos, 2005; 

Lee et al., 2009; Varsei and Polyakovskiy, 2017). The least 

studied subject is social sustainability, although, 

interestingly, when the social dimension is studied, this is 

done together with other two dimensions (Alçada-Almeida 

et al., 2009; Mota et al., 2015; Varsei and Polyakovskiy, 

2017). 

Table 2 presents different SC mathematical models 

and formulations applied in sustainability dimensions. Most 

authors adopted mixed MILP as the modeling approach. 

While NLP and mixed integer nonlinear programming are 

the least used approaches. 
Table 2 SC Modeling Approaches Used in Different 

Sustainability Aspects.  

Modeling 
approach 

Sustainability 
LP MILP NLP MINLP GA FA HA 

Economic 3 24 1 3 7 4 8 

Environmental 2 22 - 2 5 3 2 

Social - 9 - - 2 - - 

0 1 2 3 4 5 6

Computer and Industrial Engineering

Journal of Cleaner Production

International Journal of Production…

Industrial and Engineering Chemistry…

Omega

Applied Mathematical Modelling

Computer and Chemical Engineering

Expert System With Applications

Applied Energy

European Journal of Operational…

Transportation Research Part E

Chemical Engineering Science

Resources, Conservation and Recycling

American Institute of Chemical…

journal of industrial and systems…

International Journal of Computer…

Socio-Economic Planning Sciences

Transportation Research Part D

Energy

Hindawi

Decision Support Systems

IEEE Transactions on Engineering…
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* Notes: LP - linear programming; MILP - mixed integer 

linear programming; NLP - nonlinear programming; 

MINLP - mixed integer nonlinear programming; GA - 

generic algorithm; FA – fuzzy algorithm; HA - hybrid 

algorithm. 

 

3.1.1 Economic Dimension of Sustainability 

According to Harris (2000), economic sustainability 

can be defined as: “An economically sustainable system 

must be able to produce goods and services on a continuing 

basis, to maintain manageable levels of government and 

external debt, and to avoid extreme sector imbalances 

which damage agricultural or industrial production. ”While 

economic sustainability has inherently positive impacts, 

growth requires an increased flow of materials and energy. 

Therefore, growth tend negatively contributes to depletions 

of resources, making balancing between economic and 

other aspects of sustainability an imperative (Al Ansari, 

2012). Economic growth and SC sustainability generally 

involve design and operation of complex networks of SC 

structures, which include the cost of investment, logistics, 

storing, and distribution of goods(Garcia-Herreros et al., 

2014).

 

 

Table 3 Indicators Used for Economic Sustainability of SCs. 

Sustainability Decision level Indicators Number of times used 

Economic 

Strategic 

Profit b 7 

Cash flow a, b 6 

Delivery lead time a, b 5 

Customer satisfaction b 2 

Trade level a, b 1 

Budget variance a, b 1 

Tactical 

Total costs a, b 32 

Capacity utilization b 3 

Production effectiveness a, b 1 

Operational 

Demand uncertainty a 5 

Product quality b 1 

Percentage of defects b 1 

Source: aGunasekaran et al. (2001); bTajbakhsh and Hassini (2015) 

 
 

Table 4 Indicators Used for Environmental Sustainability of SCs. 

Sustainability Indicators Categories Number of times used 

Environmental 

Eco-indicator 99 

Damage to human health 4 

Damage to eco-system quality 3 

Damage to resources 2 

Global warming potential 1 

CO2 emission 2 

ReCiPe 2008 
Resource Depleted 1 

Pollution 1 

Impact 2002+ 

Human health 2 

Ecosystem quality 2 

Climate change 2 

Resources 2 

EcoCosts 

Depletion of natural resources 1 

Effect on ecosystem 1 

Effect on Human health 1 

Global warming potential 1 

Global Warming Potential 
GHG emission 4 

Carbon footprint 1 

Non-aggregated Indicators 

Pollution 1 

CO2 emission 7 

NO2 emission 1 

CO emission 1 

Volatile organic compounds 1 

Water usage 1 

Green appraisal scores 1 

Carbon trading 2 

New technologies 1 

New material for products 1 

Water quality 1 

Fossil fuel consumption 1 
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Economic indicators, shown in Table 3, are 

categorized based on decision impact and they are divided 

into three levels (Tajbakhsh and Hassini, 2015). 

 Strategic decision in SCs deal with long-term impacts 

of SCs (e.g., network structure, facility location, 

supplier selection). 

 Tactical decisions in SCs deal with production, 

logistics, and suppliers. 

 Operational decisions in SCs are focused on material, 

energy flow and operation, fulfilling the demand. 

In this work, we identified 14 papers dealing 

exclusively with economic sustainability. However, in 

recent years there is a tendency, where scholars and 

researchers are shifting focus from purely economic 

sustainability models towards green and sustainable SCs. 

Furthermore, there are many review papers focusing only 

on economic sustainability modeling in SCs (Meixell and 

Gargeya, 2005; Melo et al., 2009; Vidal and Goetschalckx, 

1997). 

While many economic performance measurement 

indicators are available (see Table 3), the majority of 

papers used cost minimization as an objective function. 

Furthermore, it is commonly presented as a single objective 

function with various cost incorporated into it. Most papers 

that incorporated exclusively economic objective functions 

into mathematical models are done through network 

structure design. In contrast, profit and cash flow 

maximization have received less attention from researchers. 

This is surprising since businesses are mostly oriented 

towards profit maximization. 

 

3.1.2 Environmental Dimension of Sustainability 

During the last two decades, environmental 

sustainability has gained wide attention from society and 

this changed context also within academic circles. 

Environmental sustainability is usually considered within 

economic aspects of SC through multi-objective 

optimization (Ruiz-Femenia et al., 2013). Although many 

attempts over the years have been made, a consensus on the 

potential environmental impacts that need to be considered 

for minimization is lacking. Therefore, in best-case 

scenarios, mathematical models should optimize multiple 

impact categories. However, due to the nonlinearity and 

increased complexity of such models, these problems are 

hard to solve in reasonable computer time (Kostin et al., 

2015). 

According to Tognetti et al. (2015) implementation of 

environmental sustainability in SCs has been done in two 

ways: green design and green operation. Green design in 

corporate eco-design principles into network structures such 

as: closing the SC loop, and reverse logistics. Green 

operation involves recycling, waste management, green 

manufacturing, and remanufacturing. Table 4 shows that 

there is a wide variety of environmental indicators used in 

the reviewed literature. 

Furthermore, most indicators are measuring direct 

impact of SC activities to the environment (e.g., gases 

emission, global warming, climate change), while fewer 

indicators measure long-term impacts (e.g., resource 

depleted, effect on ecosystem, water quality). 

Environmental indicators are commonly combined with 

economic and sometimes with social indicators in multi-

objective mathematical models. 

 

3.1.3 Social Dimension of Sustainability 

Our results show that less research has been done on 

social dimension of sustainability, primarily due to the 

difficulty of quantifying social indicators (Mota et al., 

2015). The integration of social sustainability with two 

other dimensions in SCs, leads to complex decision-making 

problems (Miret et al., 2016). 

The GRI reporting guideline (GRI, 2014) divides 

social dimension into four categories: labor practices and 

decent work, human rights, society, and product 

responsibility. These categories are further divided into sub-

categories: labor practice and decent work is divided into 

16 sub-categories, human rights into12 sub-categories, 

society into 11 sub-categories, and product responsibility 

into 9 sub-categories. Table 5 divides social indicators into 

two categories: indicators based on GRI, and non-GRI 

indicators. The majority of authors studied indicators 

related to employment (e.g., job created), while human 

rights, society and product responsibility are less 

investigated. 

 

3.2 Sustainable SCs Measurement and 

Assessment 
According to Ness et al. (2007), to develop 

sustainability, goals have to be identified and SC 

performance has to be measured. They further claim that 

there are many challenges facing the scientific community 

that hamper the development of reliable and efficient 

assessment tools. However, over time, the number of tools 

for measurement and assessment of sustainability has 

steadily grown. Some of the most used tools are Life Cycle 

Cost (LCC), Life Cycle Assessment (LCA) and Social Life 

Cycle Assessment (S-LCA), which can be used for 

measuring and assessing economic, environmental and 

social sustainability performance of SCs. 

LCC is a method, which can be used to measure 

investment, operating costs etc., during a product’s 

lifecycle. Economic sustainability is considered mostly for 

minimizing investment costs at distribution centers, 

transportation costs from distribution centers to the 

consumer, other costs (e.g., transportation, investment) 

from factories to distribution centers, and costs of storing 

materials in distribution centers (Garcia-Herreros et al., 

2014). 

The most commonly used and most developed tool for 

measuring environmental impact is LCA, which has been 

used in various forms to evaluate the impact of goods or 

services on the environment (Ness et al., 2007). Over the 

life cycle, products (goods and services) not only serve 

various purposes but also have different impacts upon raw 

material depletion and environmental pollution. The LCA 

method was created to help assess impacts on raw material 

depletion and environmental pollution (Wolf et al., 2012). 

There is still no consensus as to which indicators should be 

used, but it is generally accepted that environmental impact 

should be evaluated over the entire lifecycle of a product. 

Furthermore, LCA can be described as a quantitative 

method/tool for environmental assessment of goods, 
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services or activities related to goods or services, “from 

cradle to grave” and in closed loop SCs–from cradle to 

grave and to cradle. Likewise, LCA can be used to assess 

the impacts on land, water, and air over the entire life cycle 

of goods and services (Ruiz-Femenia et al., 2013). 

S-LCA is a similar method to LCA, which is used for 

assessment of the social and socio-economic impacts of 

goods and services, which can have positive or negative 

impacts on society, during their life cycle, and the approach 

consists of impact evaluation at every SC level: material 

extraction, processing and delivery of final product for open 

loop SC, reuse and recycling for closed loop SC and at the 

end of life cycle disposal (Benoît, 2010). 

4. SUPPLY CHAIN OPTIMIZATION 

AND SUSTAINABILITY 
According to Papageorgiou (2009), many different 

formulations and approaches of mathematical models are 

used in SC optimization. The most common approaches are 

mathematical programming, simulation, or a combination 

of both methods. Their application depends on the problem 

to be solved. Mathematical programming and mathematical 

modeling is usually used for optimization of decisions that 

involve new configurations, with combined aspect of 

dynamics and structure of operations such as SC network 

structure design. Whereas simulation models consider 

detailed dynamic operations of a known network structure 

with an operation uncertainty. Simulation modeling can be 

used to assess SC performance for a known configuration. 

In the second half of the 20th century, optimization has 

become a widespread technique, in areas such as chemical 

and process engineering, logistics, economics, and SC 

design (Sahinidis, 2004). Any “design” of a SC usually 

involves tradeoffs between conflicting objectives and, from 

the sustainability perspective, between economic, 

environmental and social objectives. Consequently,  

sustainable development and multi-criteria optimization in 

SC network design is an interesting topic worthy of study 

(Wang et al., 2011). Multi-objective optimization is widely 

applied to different decision-making problems and the 

implementation of optimization in decision making has 

seen growing interest in recent years (Jamshidi et al., 2012). 

SC network design can be divided into two design types, 

namely, open loop networks and closed loop networks 

where the reverse flow is incorporated (Nurjanni et al., 

2017). 

The following sections 4.1 and 4.2 describe the main 

contributions of the reviewed papers. These contributions 

are grouped into several categories in Table 6, Table 7. 

Table 6 presents papers that cover single criteria 

optimization models. Table 7 presents articles that use 

multi-criteria optimization models. 

 

Table 5 Indicators used for social sustainability of SCs.  

Sustainability Indicators level Indicators Time used 

Social 

Labor Practices and Decent 
Work 

Employment 3 

Occupational health and safety 3 

Human Rights Freedom of association and collective bargaining 1 

Society Local communities 1 

Product Responsibility - - 

Non-GRI indicators 

Food to energy competition 1 

Jobs created 4 

Job opportunities created 2 

Social benefits 1 

 
Table 6 Single Criteria Optimization Approaches Used in Reviewed Papers. 

Article: Sustainability Indicators Modeling approach 

Nozick and Turnquist (2001) Eco 
min. inventory cost 
min. transportation cost 

LP 

Timpe and Kallrath (2000) Eco max. sales MILP 

Tsao and Lu (2012) Eco min. total network cost NLP 

You and Grossmann (2008) Eco 

min. facility location cost 
min. transportation costs 
min. replenishment costs  
min. safety stock costs 

MINLP 

Lababidi et al. (2004) Eco 
min. production cost 
min. raw material ordering 

HA 

Garcia-Herreros et al. (2014) Eco 
min. investment costs min. distribution 
cost 

HA 

Oliveira et al. (2013) Eco 
min. investment cost 
min. logistics cost 

HA 

S. Liu and Papageorgiou (2013) Eco 
min. total costs  
min. delivery lead time min. lost sales 

MILP 

Chan and Chung (2004) Eco 
min. total cost 
min. delivery lead time 
min. capacity utilization 

GA 

Altiparmak et al. (2006) Eco 
min. total cost 
min. delivery lead time min. capacity 
utilization 

GA 

Selim et al. (2008) Eco min. total cost FA 
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Article: Sustainability Indicators Modeling approach 

min. backlog level 
max. profit 

Min et al. (2006) Eco min. total costs HA 

Nekooghadirli et al. (2014) Eco 
min. total costs 
min. delivery lead time 

HA 

Azaron et al. (2008) Eco 
min. total cost 
min. cost variance 

HA 

 

* Notes: LP - linear programming; MILP - mixed integer 

linear programming; NLP - nonlinear programming; 

MINLP - mixed integer nonlinear programming; GA - 

generic algorithm; FA – fuzzy algorithm; HA - hybrid 

algorithm. 

Eco – economic dimension of sustainability 

Recently, companies have been pressured by governments 

and non-governmental organizations to reconsider their 

current business models and to endorse more sustainable 

and environmentally friendly SCs and business models. As 

a result, there is a growing interest and awareness of more 

environmentally and social friendly models among 

researchers and practitioners. As stated by Papageorgiou 

(2009) there is a need for an integrated economic, 

environmental and recently social (Eskandarpour et al., 

2015) framework for sustainable SCs, which leads to multi-

criteria optimization and decision making models. 

 
Table 7 Multi-criteria Optimization Models Used in Reviewed Papers. 

Article: Sustainability Indicators Approach 

Wang et al. (2011) Eco-Env min. total cost LP 

Tognetti et al. (2015) 
Eco-Env max. NPV 

min. CO2 emission 
LP 

Mir Saman Pishvaee et al. (2011) Eco-Env min. total cost MILP 

Alçada-Almeida et al. (2009) Eco-Env-Soc min. total cost MILP 

Abdallah et al. (2012) Eco-Env 
min. total costs 
min. carbon trading cost 

MILP 

Diabat et al. (2013) Eco-Env 
min. total costs 
min. carbon trading cost 

MILP 

Elhedhli and Merrick (2012) Eco-Env 
min. total costs 
min. CO2 emission 

MILP 

Nurjanni et al. (2017) Eco-Env 
min. total costs 
min. CO2 emission 

MILP 

Varsei and Polyakovskiy (2017) Eco-Env-Soc 
min. total costs 
min. CO2 emission 
max. social benefits 

MILP 

Kantas et al. (2015) Eco-Env 
min. total cost 
min. CO2 emission 
min. water usage 

MILP 

Chen and Andresen (2014) Eco-Env-Soc 
min. total cost 
min. CO2 emission 
min. number of injuries 

MILP 

Chaabane et al. (2012) Eco-Env 
min. total cost 
min. GHG emission 

MILP 

Kostin et al. (2015) Eco-Env 
min. total cost 
min. GHG emission 

MILP 

Zhang et al. (2014) Eco-Env 
min. total costs 
min. lead time 
min. GHG emission 

MILP 

Babazadeh et al. (2017) Eco-Env 
min. total costs 
min. environmental impact 

MILP 

Mota et al. (2015) Eco-Env-Soc 
min. total cost 
min. environmental impact 
max. jobs created 

MILP 

Miret et al. (2016) Eco-Env-Soc 
max. profit 
min. environmental impact 

MILP 

Santibañez-Aguilar et al. (2014) Eco-Env-Soc 
max. profit 
min. environmental impact 
max. jobs created 

MILP 

Z. Liu et al. (2014) Eco-Env 
max. profit 
min. GHG emission 
min. fuel consumption 

MILP 

Hugo and Pistikopoulos (2005) Eco-Env 
max. NPV 
min. environmental impact 

MILP 

Bojarski et al. (2009) Eco-Env max. NPV MILP 
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Article: Sustainability Indicators Approach 

min. environmental impact 

Pérez-Fortes et al. (2012) Eco-Env-Soc 
max. NPV 
min. environmental impact 

MILP 

You et al. (2012) Eco-Env-Soc 
max. NPV 
max. GHG emission saving 
max. jobs created 

MILP 

Cambero and Sowlati (2016) Eco-Env-Soc 
max. NPV 
max. GHG emission saving 
max. jobs created 

MILP 

Lira-Barraga ́n et al. (2010) Eco-Env 
min. total costs 
max. water quality 

MINLP 

Garg et al. (2015) Eco-Env 
max. profit 
min. environmental impact 

MINLP 

Lee et al. (2009) Eco-Env min. total costs GA 

Yeh and Chuang (2011) Eco-Env 
min. total costs 
min. environmental impact 

GA 

Amin and Zhang (2012) Eco-Env 
max. profit 
min. products defect 

GA 

Saffari et al. (2015) Eco-Env-Soc 
min. total costs 
min. CO2 emission 
max. jobs created 

GA 

Dehghanian and Mansour (2009) Eco-Env-Soc 
max. profit 
min. environmental impact 
max. social benefits 

GA 

M. S. Pishvaee et al. (2012) Eco-Env 
min. total cost 
min. CO2 emission 

FA 

Özkır and Başlıgil (2013) Eco-Env 
max. profit,  
consumer satisfaction 
and trade level 

FA 

Chibeles-Martins et al. (2016) Eco-Env 
max. profit 
min. environmental impact 

FA 

Amin and Zhang (2013) Eco-Env min. total costs HA 

Ruiz-Femenia et al. (2013) 
Eco-Env max. NPV 

min. GWP 
HA 

 

* Notes: LP - linear programming; MILP - mixed integer 

linear programming; NLP - nonlinear programming; 

MINLP - mixed integer nonlinear programming; GA - 

generic algorithm; FA – fuzzy algorithm; HA - hybrid 

algorithm. 

Eco – economic dimension of sustainability, Env - 

environmental dimension of sustainability, Soc – social 

dimension of sustainability 

Papers reviewed in this work and their application in 

sustainable SCs are divided into four categories, shown in 

Table 8. The first category, sustainability–includes all three 

dimensions; Second category, network structure–covers and 

closed loops SCs dealing with both forward and reverse 

flow respectively; Third category, logistics–includes 

transportation and inventory management issues; Fourth 

category, uncertainties–covers SC management issues. 
 

* Notes: LP - linear programming; MILP - mixed integer 

linear programming; NLP - nonlinear programming; 

MINLP - mixed integer nonlinear programming; GA - 

generic algorithm; FA – fuzzy algorithm; HA - hybrid 

algorithm. 
While sustainability is the focus of this paper, the reviewed 

articles studied other aspects of SCs besides sustainability. It can 

be seen that network structure, logistics, and uncertainties in SCs 

are commonly studied areas. 

 

Table 8 Application of mathematical modeling approaches in SCs. 

Modeling approach 
Application LP MILP NLP MINLP GA FA HA 

Sustainability 

Economic ● ● ● ● ● ● ● 

Environmental ● ●  ● ● ● ● 

Social  ●  ● ●   

Network structure 

Open loop SC  ●      

Closed loop SC  ●  ●  ●  

Facility location   ● ●  ●  

Logistic in SC 
Transportation  ●      

Inventory management       ● 

Uncertainty 

Demand  ●  ● ● ● ● 

Returned products  ●     ● 

Supplies    ●  ●  

Costs  ●  ●  ●  
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5. DISCUSSION AND FUTURE 

RESEARCH DIRECTIONS 
The objective of this study was to analyze literature of 

optimization techniques in sustainable SCs published in 

peer-reviewed journals. The present study was organized 

along three research questions: 1) which sustainability 

dimensions are considered in each article? 2) Which 

sustainability aspects of SC are covered by mathematical 

models? 3) What objectives and how mathematical models 

for sustainable SCs are formulated?   

As shown in Figure 2 and Figure 3, the number of 

papers published in peer-reviewed journals is increasing. 

Therefore, we can conclude that the interest of scholars in 

SCs sustainability, SCM and SC optimization is growing. 

Furthermore, Table 1 shows that a wide range of topics 

have been covered in reviewed papers, during past 17 years. 

 

5.1 Sustainable Supply Chains 
Sustainable SCs and SCM have received a great deal 

of interest from scholars (see Figure 2 and Figure 3). 

Sustainability is commonly represented with three aspects, 

namely: Economic sustainable development is the ability to 

support a positive wealth system over time. Environmental 

friendliness is the capability to live and acquire resources 

from nature, with minimal negative impacts. Social equality 

is the long-term goal of gap reduction including wealth, 

health, and human rights between different groups of 

people within the society.  

From Figure 4 it is evident that economic 

development and economic indicators have received most 

attention from scholars and managers. This is a 

consequence of traditional SCs being business oriented 

(economic development is prioritized). However, in recent 

years there is a strong tendency towards more 

environmentally and socially responsible SC. 

Environmental sustainability is often incorporated with 

economic aspect of SCs into multi-objective models or as 

variable constraint (e.g., CO2 emission, GHG footprint). 

While there are numerous environmental indicators used, 

they are mostly combined with cost minimization. Cost is 

often used because SCs involve material flow within a 

network structure, which involves various costs (e.g., 

logistics, operating). Incorporating environmental and 

economic sustainability can bring operating benefits and 

strategic benefits such as higher profits, reduced waste 

(recycling and remanufacturing), increased brand and 

image awareness. Social sustainability is mostly combined 

with economic and environmental sustainability into multi-

objective mathematical models, and mostly employment 

and job creation indicators are used as the objective 

function. While social aspect is the least studied it can have 

significant benefits (e.g., improved human rights, 

unemployment reduction, and improved working 

conditions). Future research should include other social 

indicators beyond employment and job creation. 

 

 

 

5.2 Supply Chain Sustainability and 

Optimization 
A large number of optimization techniques are used to 

address different SC sustainability issues, where mostly 

reviewed papers used mixed-integer programming either as 

linear or nonlinear problems. In this work, we reviewed 50 

papers, among which 14 have studied only economic 

aspects of SCs. Other 25 papers studied a combination of 

economic and environmental aspects of sustainability as an 

aggregated objective. The remaining 11 papers considered 

all three dimensions of sustainability.  

All reviewed papers are grouped based on decision 

criteria. Some models consider only economic aspects of 

SCs, either as single or multi-objective problems and they 

are classified under single criterion models (see Table 6). 

However, most models consider two or more sustainability 

dimensions aggregating single or multi-objective models 

(see Table 7). 

 

5.3 Limitation and Future Research Directions 
It is important to point out some of the limitations of 

this study. First, this study was carried out using Science 

Direct database, which may have limited the search results. 

However, most SC and SCM journals and published papers 

are indexed by this database. Second, the search included 

only papers published in peer-reviewed journals, while 

extending the search to include conference papers, books, 

and dissertations might change the specific results. 

However, we believe that the overall trends and results 

would remain the same. Third, the search timeframe is from 

2000 until 2017, which excluded earlier papers. This 

limited search for papers deals especially with economic 

sustainability. However, this is evident only in case of 

papers dealing with economic sustainability, while papers 

dealing with environmental and social aspects of 

sustainability are thoughtfully included. 

Based on the limitations and findings in this paper, we 

suggest some research directions for future research within 

the field of sustainable SCs and SC optimization. Firstly, 

although there are papers dealing with all the three 

dimensions of sustainability, there is a lack of models 

dealing with social sustainability beyond employment 

indicators. Even though economic and environmental 

sustainability is extensively studied, most mathematical 

models used direct environmental impact (GHG emission, 

climate change, resources depletion) and economic models 

mostly used money flows as objective functions. However, 

future research should incorporate indicators such as green 

technology, carbon trading and closing the loop of SCs, 

which can have enormous environmental and economic 

impacts. 

6. CONCLUSION 
The interest in economic sustainability is a reflection 

of traditional business values as they stand for profit 

maximization. Furthermore, most economic indicators are 

related to profit growth and cost reduction, which are long-

term decision-making goals. Integration of environmental 

criteria in SC sustainability into mathematical models is 

mostly done through aggregated indicators, among which 

Eco-indicator 99 is the most commonly used. Additionally, 
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most indicators measure direct impact on environment and 

are linked to long term decisions. Social sustainability is far 

less present in quantitative research than economic and 

environmental dimensions. One reason that can explain this 

lack of papers in social aspect, is that most social indicators 

are difficult to quantify, and it is challenging to incorporate 

them into mathematical models. Another reason is that 

there is lack of data related to social development and 

human rights. This might be due to the sensitivity of social 

indicators, which further increases difficulties in collecting 

and implementing social indicators into mathematical 

models. Currently, most reviewed papers used employment 

metrics with slight variations as a social indicator, while 

impacts on human rights, society and products still remain 

less commonly used. However, interest in social 

sustainability is growing. 

In sum, a large number of modeling approaches are 

used to address sustainability problems in SCs and the most 

used techniques are MIP with linear and non-linear 

variations. Certain models address only economic 

sustainability, either as a single or multi-objective models. 

The rest of papers have incorporated either two or three 

dimensions of sustainability into mathematical models. 

Numerous optimization techniques are used in wide variety 

of issues including sustainability, network structure, 

logistics, and uncertainties in SCs. 
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