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Abstract Designing Green Supply Chains (GSCs) requires complex decision-

support models that can deal with multiple dimensions of sustainability while taking

into account specific characteristics of products and their supply chain. Multi-Cri-

teria Decision Making (MCDM) approaches can be used to quantify trade-offs

between economic, social, and environmental criteria i.e. to identify green pro-

duction options. The aim of this paper is to review the use of MCDM approaches for

designing efficient and effective GSCs. We develop a conceptual framework to find

relevant publications and to categorise papers with respect to decision problems,

indicators, and MCDM approaches. The analysis shows that (1) the use of MCDM

approaches for designing GSCs is a rather new but emerging research field, (2) most

of the publications focus on production and distribution problems, and there are

only a few inventory models with environmental considerations, (3) the majority of

papers assume all data to be deterministic, (4) little attention has been given to

minimisation of waste, (5) numerous indicators are used to account for eco-effi-

ciency, indicating the lack of standards. This study, therefore, identifies the need for
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more multi-criteria models for real-life GSCs, especially with inclusion of uncer-

tainty in parameters that are associated with GSCs.

Keywords Multi-criteria decision making � Supply chain management �
Quantitative methods � Sustainable manufacturing � Eco-efficiency � Resource

efficiency

1 Introduction

Until recently, supply chains focused mainly on delivering high quality products at

low costs and gave only secondary attention, if any, to environmental impact and

depletion of natural resources. However, natural resources (like energy, water,

minerals, metals and land) are becoming scarce, and their demand is expected to

increase because of the growing world population (PWC 2011). Additionally,

society puts more pressure on companies to apply environmentally friendly

practices due to the growing awareness of climate change caused by greenhouse gas

emissions. Escalating deterioration of the environment leads to growing interest of

researchers and practitioners in Green Supply Chains (GSCs), which extend the

traditional supply chains to include activities that minimize environmental impact of

a product throughout its entire life cycle (Beamon 1999). To satisfy the future needs

of growing population, supply chains are challenged to increase productivity and

eliminate current inefficiencies. To achieve this, decision support tools, which

account for characteristics of products, such as e.g. increased risks related to

uncertainty of the market and productivity, can be used to assess technical

innovations at chain level and optimize the current logistic management (i.e.

production, distribution and inventory management).

Eliminating inefficiencies and designing GSCs imply quantification of what is

feasible from a technical point of view and calculation of trade-offs between

economic and environmental indicators (Dekker et al. 2012). This leads to a concept

of eco-efficiency, which we define as ‘maintaining or increasing the value of

economic output while simultaneously decreasing the impact of economic activity

upon ecological systems’ (Braungart et al. 2007). Eco-efficiency, therefore,

combines environmental and economic demands (Govindan et al. 2014b), and an

‘eco-efficient solution’ is one where further environmental damage can only be

prevented at higher costs (Dekker et al. 2012; Quariguasi Frota Neto et al. 2009).

Studying eco-efficiency in GSCs requires the consideration of multiple conflict-

ing criteria, as any design of a Supply Chain (SC) usually involves trade-offs among

different conflicting objectives (Wang et al. 2011). Inclusion of multiple criteria in

supply chains is a natural way of dealing with different dimensions of sustainability

(Eskandarpour et al. 2015; Kannegiesser et al. 2015). Multi-Criteria Decision

Making (MCDM), refers to a general class of Operations Research models (Pohekar

and Ramachandran 2004), which aim to quantify feasible production alternatives

and support decision makers in selecting (a subset of) alternative options based on

two or more criteria (Wallenius et al. 2008). MCDM approaches have already been

applied successfully in various research areas, such as energy fuels, management, or

MCDM approaches for GSCs… 367

123



ecology (Zavadskas et al. 2014). Although literature reviews have been carried out

on quantitative approaches for Supply Chain Management (SCM) with environ-

mental concerns (Seuring 2012; Dekker et al. 2012; Brandenburg et al. 2014;

Eskandarpour et al. 2015), to the best of our knowledge, no reviews specifically

focus on MCDM approaches in eco-efficient GSCs and related production,

distribution and inventory problems.

The aim of this paper is to review MCDM approaches that have been used for the

design of Green Supply Chains. A conceptual framework is developed in Sect. 2 to

categorise indicators and decision problems in GSCs based on existing literature

reviews and to outline MCDM approaches and requirements for modelling GSCs.

The approach we use to structure and design the literature review, including the

search queries, is presented in Sect. 3. The results of the literature review are

presented in Sect. 4, where publications are categorised according to the conceptual

framework. Finally, Sect. 5 proposes research opportunities for MCDM approaches

in eco-efficient GSCs and presents concluding remarks.

2 Conceptual framework

We started this research by identifying recent and relevant literature reviews on the

topic of green supply chain management, which refers to integrating environmental

thinking in SCM (Srivastava 2007). This resulted in 10 review articles which were

used as a basis for the development of the conceptual framework for this study. First

of all, Dekker et al. (2012) discussed issues related to green logistics, and revealed

Operations Research contributions to supply chains with environmental consider-

ations. Seuring (2012) and Brandenburg et al. (2014) focused on forward supply

chains and reviewed modelling approaches used for SCs with sustainability

considerations. Seuring and Müller (2008) reviewed literature on forward sustain-

able supply chain management. Srivastava (2007) presented a state of the art

literature review on green supply chain management with a focus on reverse

logistics, whereas Carter and Rogers (2008) and Ashby et al. (2012) reviewed and

discussed literature on supply chain management within the context of sustainabil-

ity. Three review articles focused on perishable products. Perishability is an

important source of inefficiency because it contributes to production of waste. Food

production chains are characteristic example of supply chains where perishability

and changing product quality is evident. Akkerman et al. (2010) reviewed

quantitative approaches used for distribution management of food products and

focus on quality, safety and sustainability; Shukla and Jharkharia (2013) reviewed

literature in agri-fresh produce SCs and discussed operational issues causing post-

harvest wastage; and Soysal et al. (2012) reviewed quantitative models used for

sustainable food logistics management.

Analysing the key words and frameworks used in the ten reviews and mapping

these on the use of MCDM approaches in GSCs, we developed a conceptual

framework for the literature analysis. This framework identifies which economic

and environmental performance indicators are used to account for sustainability,

categorise decision problems in SCs, and outline the impact of specific product
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characteristics on the decision problems and indicators (Fig. 1). These character-

istics are further explored as they should be included in MCDM models developed

for GSCs. The proposed framework is used to identify relevant articles and conduct

the literature review.

2.1 Eco-efficiency indicators in supply chains

During the production of final products from raw materials, and the delivery of

products to final customers, supply chains inevitably harm the environment (Tang

and Zhou 2012). In Supply Chain Management with environmental concerns, the

main business objectives are cost reduction, responsiveness improvement, and

avoidance of permanent environmental damage (Soysal et al. 2012). In order to

quantify the economic and environmental impact of supply chain activities and to

improve environmental and economic performance, a set of indicators for eco-

efficiency must be selected and considered to support decision making at SC level.

Apart from commonly used indicators for economic performance of supply chains,

such as total costs or profit, the analysis of the 10 review papers shows that

important indicators to account for eco-efficiency are greenhouse gas (GHG)

emissions, energy consumption and water consumption (Dekker et al. 2012; Seuring

2012; Soysal et al. 2012).

Each supply chain is unique in its characteristics. Products are characterised by

quality, fluctuations in demand and prices, seasonality, and perishability (Akkerman

et al. 2010; Quariguasi Frota Neto et al. 2009; van der Vorst et al. 2009). These

factors are associated with uncertainty. For instance, in Food Supply Chains (FSCs)

these various sources of uncertainty lead to production of substantial amount of

losses (Shukla and Jharkharia 2013). Perishability and continuous quality change of

products over time is not exclusively associated with food products, but holds for

other products as well, e.g. other fast moving consumer goods. Quality change over

time is also associated with uncertainty because the change in quality is usually not

precisely known as it depends on environmental conditions. We conclude that

Eco-efficiency 
indicatorsDecision Making in Supply ChainsMul�-Criteria

Economic criteria

Environmental 
criteria

Product characteris�cs
-quality
-uncertainty
-perishability

costs

waste

emissions

energy consump.

water consump.

Inventory management
Eco-efficiency

Distribu�on planning

Produc�on planning

Fig. 1 Conceptual framework for multi-criteria decision making in eco-efficient supply chains
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product quality, uncertainty, and perishability should be taken into account when

designing eco-efficient GSCs.

2.2 Decision problems in supply chain management

Research has been focusing on improving the environmental performance of SCs

(Brandenburg et al. 2014). To categorise decision problems in the conceptual

framework we adapt the classification proposed by Shukla and Jharkharia (2013),

and distinguish between three decision problems that have an impact on eco-

efficiency in GSCs: production planning, distribution planning, and inventory

management.

Production planning commonly refers to decisions on how the production is

organised, how, when, and how many products are produced, and when the products

become available, to minimise operational costs of production and simultaneously

use available resources and capacities efficiently. Within production planning two

aspects play an important role (Dekker et al. 2012). The first aspect is the production

process and the way the product is produced, i.e. what resources are used to make

the product and what is the environmental impact related to production. Associated

decisions include e.g. which raw materials and technology to use at which location

to create the right number of finished products on time to satisfy the customer’s

demand. These decisions have an impact on eco-efficiency as they determine the

amounts of (raw) material, energy, water, and fuel use, as well as the total amount of

waste produced. The second relevant aspect with respect to production planning is

whether a product’s value can be (partly) recovered after its use. This issue is

relevant also for FSCs, as products that cannot be sold (due to quality requirements)

and are considered as post-harvest losses often still possess valuable nutrients. If

products (or their components) can be processed and reused, it might improve eco-

efficiency by reducing the total amount of waste and reducing the need for using

other raw materials.

A second decision problem affecting the performance of a supply chain is

distribution planning, which refers to two main topics: facility selection and

transportation. Facilities are physical locations in a supply chain, comprising of

production sites, distribution centres, airports, railway stations or ports. Related

decisions on role, location, size and number of facilities have a substantial impact

on the performance of a supply chain (Chopra and Meindl 2013). Decisions

concerning facilities affect not only total operating costs, but also the energy use of

facilities. Additionally, the location and the number of facilities determine the total

travelling distance of a product before reaching the final destination. Facility

decisions therefore have an effect on the total time needed to reach the final

customer, which is an important aspect in relation to products that degrade in quality

over time. With respect to technological innovations, such as extending the shelf-

life of products, a redesign of existing networks might bring economic and

environmental benefits. A second aspect in distribution planning is transportation,

which refers to the movement of products between facilities. Decisions in

transportation include the selection of transportation mode, type and size of

transportation unit, fuel choice, loading and routing of vehicles (Chopra and Meindl
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2013). Transportation activities account for 15% of total GHG emissions worldwide

(TSP 2010) and account at the same time for up to two-thirds of the total logistic

costs (Akkerman et al. 2010). Due to handling and deterioration of food products,

transportation is also the biggest cause of food waste in FSCs (Shukla and

Jharkharia 2013). This shows that choices of transportation have a substantial

impact on environmental and economic performance. New transportation equipment

enables to reduce fuel consumption as observed in airplanes or ships (Dekker et al.

2012), and technological innovations allow the transportation of products in cooled

or frozen conditions. This permits the control of the product’s quality degradation

over time but at the same time leads to additional energy consumption. These

technological innovations make the transportation problems a highly dynamic

environment requiring frequent reconsiderations of previously made choices

(Akkerman et al. 2010).

The third decision problem closely related to performance of the supply chain is

related to inventory management decisions and to the way the inventory is

controlled, e.g. using a periodical or continuous reviewing system, determining

safety stock levels, reorder points or reorder quantities. Decisions in inventory

management determine how long the product is waiting before use. In relation to

products with limited shelf-life, the most important factor in inventory models is to

take into account the deterioration of produce over time (Shukla and Jharkharia

2013). Inventory holding is associated with holding costs, and in the case of

controlled holding conditions (such as frozen, cooled, or heated storage), which is

often used for perishable products, inventory holding is also associated with

environmental impact because of energy consumption (Dekker et al. 2012) and

other issues such as buildings or equipment.

It should be mentioned that apart from the three aggregate categories of decision

problems considered in this paper (i.e. production planning, distribution planning,

inventory management), other decision problems can be found in literature too, e.g.

supplier selection, procurement planning, or combinations of decision problems,

such as inventory routing, or production–distribution. These topics have also been

investigated, but are categorized into one of the three main decision themes, i.e.

distribution, production, and inventory. The topic of procurement planning can be

characterized by making links between the buyer and the supplier, and supplier

selection influences the physical location of links in a supply chain. Once physical

locations of supply chain links are known, they can be translated into distances.

Therefore, for simplification and to facilitate presentation, supplier selection and

procurement planning are assigned to decision problems in the distribution planning

category.

The environmental impact of a SC can be improved by practices such as reuse,

repair, recycle, remanufacture and reverse logistics (Chaabane et al. 2012; Paksoy

et al. 2011; Jayaraman 2006). Thus, not only forward flows of products in a SC, but

also reverse and closed loop supply chains (integrated forward and reverse supply

chains) are investigated to improve the environmental impact. The investigation can

be divided into the three types of decision problems described above.
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2.3 MCDM model characteristics and requirements

Decision makers in GSCs are confronted with multiple and mostly conflicting

criteria of economic and environmental performance, which by definition implies

that MCDM approaches are appropriate tools for decision support. Hence it is not

surprising that MCDM approaches have already been used to address different

decision problems in SCs and to test the efficiency of various SC configurations and

operating strategies (Aramyan et al. 2011; Ramudhin et al. 2010). Within the

MCDM field, existing approaches are divided in literature into two categories based

on the number of feasible solutions (Hwang et al. 1980; Mendoza and Martins 2006;

Wallenius et al. 2008): (1) a small and finite set of solutions, called Multi-Attribute

Decision Making (MADM), and (2) a large and infinite set of alternatives, referred

to as Multi-Objective Decision Making (MODM) or Multi-Objective Programming

(MOP). MADM approaches aim at identifying the best option based on the known

attributes of a limited number of alternatives, whereas MODM approaches aim to

find the best solution that satisfies the decision maker’s desires (Scott et al. 2012).

Some of the MADM approaches include analytic hierarchy process (AHP), analytic

network process (ANP), decision-making trial and evaluation laboratory (DEMA-

TEL), elimination and choice expressing reality (ELECTRE), preference ranking

organization method for enrichment of evaluations (PROMETHEE), technique for

order of preference by similarity to ideal solution (TOPSIS), utility additive (UTA)

method (Fig. 2). For a description of MADM approaches see Tzeng and Huang

(2011). Some basic MODM approaches are Weighting Method, e-constraint, and

Goal Programming. For a description of MODM methods see Miettinen (2008). The

specific MCDM approach used to support decision making in GSCs depends on the

case study and scope of the analysis. Additionally, MCDM approaches differ in

complexity and model characteristics.

Within MCDM a distinction can be made depending on how data are taken into

account. Deterministic data is often assumed for modelling simplicity and

computational effort needed to arrive at a solution. In real-world optimisation

problems however, the data are not exactly known at the time the problem is being

solved, due to measurement, estimation and implementation errors (Ben-Tal et al.

2009). Uncertainty in SCs is related to ‘situations in which a decision maker lacks

effective control actions or is unable to predict accurately the impact of possible

control actions on system behaviour due to a lack of (1) information (or

understanding) of the environment or current SC state, (2) a consistent model of

MCDM

MADM MODM

UTAAHP ANP TOPSISDEMATEL ELECTRE PROMETHEE
Weighting

methodε-constraint GP
(Goal Programming)

Fig. 2 Some existing MCDM approaches, based on Tzeng and Huang (2011) and Miettinen (2008)
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the SC presenting the relationships between SC redesign variables and SC

performance indicators’ (van der Vorst 2000). In SCs uncertainty can be related to

supply of raw materials, demand for final products, processing parameters, prices,

and in the light of reverse logistics quantity and quality of returned products

(Ahumada and Villalobos 2009; Soysal et al. 2012; Tang and Zhou 2012). Due to

the importance of uncertainty in SCs, in our literature review we differentiate

between deterministic models and models taking uncertainty into account.

Specific characteristics of products, such as quality changes, demand and prices

variability require model representations of the system dynamics and the

interactions between time periods. For that reason, another characteristic of

reviewed MCDM approaches is related to whether and how time is taken into

account.

3 Literature review method

To review scientific literature concerned with applications of MCDM approaches to

support decision making processes for establishing eco-efficient GSCs, we defined

three categories of keywords: Multi-Criteria Decision Making, Supply Chain

Management, and eco-efficiency. Based on the conceptual framework (Sect. 2), we

created a set of keywords for each category. Within the eco-efficiency category,

keywords are included that automatically entail simultaneous consideration of

economic and environmental criteria, i.e. keywords such as ‘‘eco-efficient’’ or

‘‘sustainability’’, instead of using specific indicators or criteria as keywords. The

intention is to find articles that position themselves under the umbrella of GSCs,

instead of finding articles that focus on a specific aspect of environmental

protection. A set of keywords for each category together form a search string that

was used to explore existing literature in the ISI Web of Science database, one of the

highest regarded science databases, which covers more than 11,000 journals from

multiple disciplines, allowing in-depth exploration of the literature.

A search for scientific publications fitting each of the three categories was

conducted. The following search string was used:

(multicriteria OR multi-criteria OR multiobjective OR multi-objective OR

multiattribute OR multi-attribute OR trade-off*)

AND (‘‘supply chain’’ OR logistics or ‘‘network design’’ OR ‘‘production

planning’’ OR ‘‘inventory management’’ OR ‘‘supplier selection’’ OR

‘‘distribution management’’ OR ‘‘distribution planning’’)

AND (green OR sustainable OR sustainability OR eco-efficien* OR ‘‘resource

efficient’’)

Within the results found, we selected the articles that fit the scope of our analysis:

i.e. those articles that concern quantitative models for supporting decision making in

supply chains in a multi-criteria decision making context, while taking into account

eco-efficiency considerations. We excluded publications concerned with non-

quantitative analysis, publications describing non-MCDM approaches (e.g. simu-

lation approaches, regression analysis, and single-objective inventory models),
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publications that do not describe supply chain analysis, and publications that do not

include an indicator associated with eco-efficiency (e.g. models including carbon

emission trading scheme in costs only).

4 Results

This section presents the results of the literature review. Publications that fit in each

of the three categories (MCDM, Supply Chain Management, and eco-efficiency) are

discussed in line with the developed conceptual framework. Additionally, these

publications are analysed to determine the trends in literature with respect to

indicators used to account for eco-efficiency, decision problems tackled, and

approaches used.

Our literature review resulted in 418 publications out of which 188 publications

(45%) turned out to be relevant for our analysis and were included in the literature

review. Figure 3 presents a distribution of publications considered by publication

year, indicating that the considered research field is new and emerging.

The articles were published in 68 different journals. In 43 of these journals only

one article of interest was found (Table 1). Publications are most frequently found

in journals associated with categories: operations research and management science;

industrial, chemical, and environmental engineering; and environmental sciences.

However, some publications are also found in journals associated with categories

such as forestry, electrochemistry, thermodynamics or computer science. The

distribution of publications among numerous journals, associated with such diverse

categories, shows how multi-disciplinary the topic is. It is also observed that the

number of conceptual studies from operations management and supply chain

management journals is limited, providing a research opportunity to include green

supply chain considerations within MCDM context.
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Table 1 Distribution of papers across journals

Journal Articles Year

Journal of Cleaner Production 18 2009–2016

International Journal of Production Economics 15 2008–2015

International Journal of Production Research 14 2007–2016

European Journal of Operational Research 9 2004–2016

Expert Systems with Applications 9 2011–2016

Computers and Chemical Engineering 8 2000–2016

Sustainability 8 2014–2016

Acs Sustainable Chemistry and Engineering 6 2013–2015

Aiche Journal 6 2009–2015

Transportation Research Part E-Logistics and Transportation Review 6 2014–2016

Computers & Industrial Engineering 5 2005–2016

Mathematical Problems in Engineering 5 2013–2016

International Journal of Environmental Science and Technology 4 2009–2016

Journal of Manufacturing Systems 4 2015–2016

Resources Conservation and Recycling 4 2009–2016

Computers and Operations Research 3 2015

Industrial and Engineering Chemistry Research 3 2008–2016

International Journal of Hydrogen Energy 3 2005–2014

Production Planning & Control 3 2011–2016

Applied Energy 2 2013–2014

Decision Support Systems 2 2009–2011

Energy 2 2012–2016

Flexible Services and Manufacturing Journal 2 2014–2016

Journal of Manufacturing Technology Management 2 2015

Journal of the Operational Research Society 2 2016

Journals with one articlea 43 2004–2016

a Abstract and Applied Analysis, Annals of Operations Research, Applied Mathematical Modelling,

Applied Soft Computing, Applied Thermal Engineering, Arabian Journal for Science and Engineering,

Biofuels Bioproducts and Biorefining-Biofpr, Biomass and Bioenergy, Canadian Journal of Forest

Research-Revue Canadienne De Recherche Forestiere, Computers in Industry, Croatian Journal of Forest

Engineering, Ecological Indicators, Energy Conversion and Management, Energy Policy, Environment

and Planning A, Environment and Planning B-Planning and Design, Environmental Science and Tech-

nology, Environmental Technology, Human and Ecological Risk Assessment, Ieee Transactions on

Engineering Management, Information Sciences, Intelligent Decision Technologies-Netherlands, Inter-

national Journal of Advanced Manufacturing Technology, International Journal of Sustainable Trans-

portation, Journal of Advanced Mechanical Design Systems and Manufacturing, Journal of Food

Engineering, Journal of Intelligent and Fuzzy Systems, Journal of Natural Gas Science and Engineering,

Journal of Scientific and Industrial Research, Kybernetes, Mathematical and Computer Modelling,

Omega-International Journal of Management Science, OR Spectrum, Proceedings of the Romanian

Academy Series a-Mathematics Physics Technical Sciences Information Science, Processes, Renewable

and Sustainable Energy Reviews, Renewable Energy, Scientia Iranica, Scientific World Journal,

Springerplus, Tehnicki Vjesnik-Technical Gazette, Transportation Research Part D-Transport and

Environment, Waste Management
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4.1 Decision problems

Production and distribution planning models represent the majority of the

publications. We found 69 articles concerned with distribution planning (Fig. 4)

and the associated decision problems related to supplier selection, reverse logistics

project selection, third party contractor selection, facility location and transportation

planning. Production planning problems were found in 39 papers. The related

problems are e.g. capacity planning and technology selection, manufacturing, and

scheduling. In 70 publications both production and distribution planning decisions

are considered. These articles concern network design and associated production

decisions, such as technology selection, or decisions on the quantity of products to

be produced.

Inventory management with an environmental objective is hardly treated with

MCDM models. Only ten publications include inventory management decisions

while considering economic and environmental criteria. Bouchery et al. (2012)

present the Sustainable Order Quantity, which is a multi-objective formulation of an

Economic Order Quantity (EOQ) model, including economic, environmental and

social objectives. An extension to multiple echelons is proposed, and the eco-

efficient frontiers are characterised analytically. Andriolo et al. (2015) also propose

a bi-objective EOQ optimization model, and develop a haulage-sharing lot sizing

model to discuss the benefits of cooperation for cost and emission reduction. Konur

and Schaefer (2016) model multi-item joint replenishment problem under indirect

and direct grouping strategies. Chan et al. (2013) study vendor-buyers co-ordination

and illustrate its benefits on economic and environmental performance.

Six publications are assigned to inventory and distribution problems. Jamshidi

et al. (2012) present a bi-objective network design model with periodic review

inventory replenishment policy (with back-ordering) in warehouses and distribution

centres. Sazvar et al. (2014) develop a model to select the best transportation

vehicles and to optimally replenish a deteriorating product in a two-echelon

centralized supply chain under partial backorder assumption. Marti et al. (2015) use

a continuous review inventory policy in the considered supply chain network design

model with facility location, procurement and transportation decisions. The

developed model is used to analyse the effects of different carbon policies, and

Production
39 (5)

Inventory
4 (0)

Distribution
69 (7)

70 (15)

6 (0)

Fig. 4 Number of publications
for each decision problem;
numbers in brackets indicate the
number of publications
considering reverse logistics or
closed loop supply chains
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allows distinguishing between functional or innovative products. Schaefer and

Konur (2015) study continuous review inventory control systems with explicit

transportation considerations, and consider models with less-than-truckload trans-

portation and truckload transportation. Bouchery et al. (2016) formulate a model

with simultaneous optimization of decisions on transportation mode and order

quantity and propose analytical results to identify the efficient frontier when

multiple transportation modes are available. Tang et al. (2016) propose a supply

chain network design model to select number and location of warehouses and to

select routes from manufacturers to warehouses and from warehouses to retailers,

while using continuous review inventory policy. We observe that no publications

are found that consider simultaneously production and inventory decisions in the

context of eco-efficiency. These findings show that gaps in literature exists

concerning the use of MCDM approaches to support inventory management

decisions with respect to economic and environmental criteria.

Reverse logistics is considered in 27 publications, while only 11 papers

combined forward and reverse logistics to support decision making in a closed-loop

supply chain (Govindan et al. 2016a; Garg et al. 2015; Ghayebloo et al. 2015; Mota

et al. 2015; Devika et al. 2014; Kannegiesser and Gunther 2014; Oh and Jeong

2014; Pishvaee et al. 2014; Ozkir and Basligil 2013; Paksoy et al. 2012; Quariguasi

Frota Neto et al. 2010). Only few of the papers dealing with modelling material

flows in a closed-loop supply chain presents a case study with realistic data. This

shows that the actual economic and environmental implications of closing loops in

real-life case studies still require investigation. Additionally, it is observed that none

of the analysed papers concerning food products takes the principles of reverse

logistics or closed loop into account.

4.2 Key performance indicators

The analysis shows that the number and types of indicators considered are closely

related to the applied MCDM approach. In MADM approaches (in which decision

makers interactively assess alternatives with respect to multiple attributes or

indicate their perceived importance of each criterion e.g. on a Likert scale),

numerous economic, technological, environmental and social indicators are used. In

each publication dealing with an MADM approach, a unique set of indicators is

developed, which renders clustering and aggregating of these indicators problem-

atic. For this reason we only outline the number of indicators used. The average

number of indicators used in MADM approaches is 9.9; the largest number of

indicators used is 31 in Govindan et al. (2015b); and the smallest number of

indicators used is two in Validi et al. (2015). The largest number of objectives in

papers concerned with MODM models is considered in Kostin et al. (2015) (15

objectives for two case studies presented), where an approach is proposed to reduce

the number of objectives to a comprehensible number. In articles in which the

ultimate goal is to derive a Pareto-efficient frontier, authors focus on two or three

objectives. The most commonly used objectives in these studies are minimization of

total costs and GHG emissions.
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In MODM approaches the indicators (treated as objectives) most commonly used

to account for economic performance are costs, profit, Net Present Value, expected

return, economic output, financial risk, and total value of purchasing (Table 2). In

seven publications assigned to production planning no economic indicators were

used. Publications that did not use an economic indicator in production planning,

focused on balancing between either energy consumption and total completion time

(Mansouri et al. 2016; Yildirim and Mouzon 2012; Mouzon et al. 2007), energy

consumption and tardiness (Liu et al. 2014b), carbon emissions and total completion

time (Liu et al. 2014a), or focused on environmental indicators objectives only in

pinch analysis (Geldermann et al. 2006, 2007). In some publications two economic

indicators are used simultaneously, e.g. profit and risk (Cruz 2009, 2013; Cruz and

Matsypura 2009).

With respect to environmental indicators, some form of greenhouse gas (GHG)

emissions, such as CO2-equivalent, CO2 emission per capita, embodied carbon

footprint, air pollution, or impact on global warming is most commonly used.

Table 2 Number of publications with a given indicator used in MODM approaches for different decision

problems

Decision problem Total

Indicator P D I P ? D D ? I

Economic Costs 13 20 4 37 5 79

Profit 2 – – 21 1 24

NPV 4 – – 11 – 15

Other economica 6 3 – 6 – 15

Environment GHG 12 14 4 42 6 78

Energy 12 2 1 2 – 17

LCA based 2 1 – 13 – 16

Water 10 1 – 1 – 12

Waste – 4 1 6 – 11

Other

environmentalb
7 5 – 6 – 18

Other Service level 6 7 – 5 – 18

Social 3 3 1 21 – 28

Number of MODM publications 31 21 4 67 6 129

P production planning, D distribution planning, I inventory management
a Other economic indicators include: economic score, economic output, economic value added, expected

return, financial risk, production, revenue, total credit, total value of (1) purchasing performance, (2)

production performance, (3) delivery and logistics performance
b Other environmental indicators include: ecocosts, environmental certification, environmental effi-

ciency, environmental index, environmental score, exergy losses, greenness, green appraisal scores,

hazardous waste management, non-renewable resources consumption, recycling rate, relative direct

sustainability index, relative total sustainability index, remanufacturing activity, reverse logistics pro-

gram, soil erosion, volatile organic compounds
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Greenhouse gasses were used as an indicator in 60% of publications, and were most

frequently used in distribution planning models (67% of publications), and in

combination of distribution and production planning models (63%). Energy

consumption is used in 13% of publications, and was most frequently used in

production planning models (39%). LCA based indicators, such as ReCiPe 2008,

Impact2002 ? or EcoIndicator, are used in 12% of publications, water is used in

9% of publications, and waste is used as an indicator in 9% of publications. Other

environmental indicators, e.g. green appraisal scores, environmental efficiency,

environmental index, volatile organic compounds emissions, or exergy losses are

used in 14% of the papers. Note that number of (environmental) indicators is larger

than number of publications. This is because in some publications more than one

indicator is used. Notably, none of the studied articles on FSCs use the amount of

food waste as an objective.

Numerous indicators were identified to account for eco-efficiency throughout the

considered literature. A variety of environmental indicators is observed, and it is

concluded that the exact environmental indicator used depends on the specific

problem environment and case study. Moreover, attempts are made to assess the

environmental impact using standardised methods (e.g. Eco-indicator). However,

such newly created measures continue to emerge (e.g. environmental impact score

in Inghels et al. (2016), greenness level in Ghayebloo et al. (2015)), indicating the

lack of standards.

Service level indicators (e.g. total completion time, rejection rate, late delivered

items, tardiness) are used in 14% of publications. Social indicators, such as number

of accrued jobs, hours of employment, injury rate, satisfaction levels of stakeholders

and customers, and social risks, were used in 22% of the publications

4.3 Solution approaches

It is observed that the use of MADM approaches to balance conflicting criteria in

eco-efficient SCs is well represented. Numerous approaches such as AHP, TOPSIS,

ANP, PROMETHEE, DEMATEL, VIKOR and their combinations are used. In 78

out of 188 studied articles (41%) one or more MADM approaches were applied. The

most commonly used approach is AHP (32 publications), TOPSIS (23 publications),

and ANP (16 publications). Most of the MADM approaches are applied to supplier

selection or evaluation problems (44 publications, 56% of all MADM approaches),

and technology or material selection (9 publications, 12%). Within the relevant

publications, 129 articles (69%) use an MODM approach, mostly based on linear

and non-linear programming problems. In some studies two or more approaches are

presented. It is observed that MODM approaches most commonly focus on deriving

a set of Pareto-efficient solutions (or Pareto-efficient frontier). Pareto efficient

solutions are derived to aid a decision maker in selecting most preferable solution

that balances environmental and economic objectives. The methods most frequently

used are the e-constraint method (44 papers, 34% of all MODM approaches) and

weighting methods (35 papers, 27%). Some problems are solved using heuristics (in

case the problem is too difficult or takes too much computational effort to solve with

standard optimisation approaches), such as genetic algorithms (14 papers, 11%),
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other evolutionary algorithms, multi-objective gravitational search algorithm,

memetic algorithm, multi-objective heuristic based on variable neighbourhood

search, or greedy heuristic. Additionally, in 19 publications (10%) MADM and

MODM approaches are combined to arrive at a final solution. In these articles AHP,

ANP, and/or TOPSIS are used to obtain weights for multi-objective optimisation

problems, and a single solution out of the efficient set is selected, e.g. in Validi et al.

(2014a) an AHP constraint is introduced to include decision makers’ consensus

opinions for vehicles used for distribution, and TOPSIS approach is used to evaluate

results generated by (three genetic algorithm-based) optimizers to highlight the best

candidate to a decision maker.

Among publications assigned to MODM approaches, we included Bouchery

et al. (2012) which studies the SOQ model and analyses the efficient frontier

analytically. The authors also develop an interactive procedure to find a balance

between the considered objectives. Five publications concerned with supply chain

network equilibrium problems (Cruz 2013; Cruz and Matsypura 2009; Nagurney

et al. 2007) are also assigned to MODM approaches. The authors model the

behaviours of multiple decision makers in the supply chain and derive the

equilibrium conditions and optimality conditions for all actors, with the variables

such as product flows, prices, or levels of social responsibility activities.

Publications in which the Data Envelopment Analysis (DEA) method is used are

assigned to MODM or MADM approaches depending on its context. Publications of

Zeydan et al. (2011), Kuo et al. (2010) and Dobos and Vorosmarty (2014) are

assigned to MADM approaches, and the authors use DEA to select the most

appropriate suppliers, to rank them, and to choose a weight system. Two

publications in which DEA is used are assigned to MODM approaches: Van

Meensel et al. (2010) evaluate the ability of frontier approaches to support decision

making and to analyse trade-offs between economic and environmental perfor-

mance; Quariguasi Frota Neto et al. (2008) propose a methodology based on DEA

and multi-objective programming to assess efficiency of logistic networks.

Current categorisation could be further extended by categorising the papers based

on the involvement of the decision maker in selecting a solution from the efficient

set. Within MCDM approaches a distinction can be made depending on when

preferences of a decision maker are specified: (1) no articulation of preference, (2)

‘a priori’ articulation of preference information (before solution process), (3)’pro-

gressive’ articulation of preferences (during solution process), and (4)’a posteriori’

articulation of preferences (after solution) (Hwang et al. 1980).

4.4 Model characteristics

Within the 188 papers considered, 123 (65%) assume all data to be deterministic

(Table 3), and uncertainty is included more often in publications concerned with

MADM approaches compared to MODM approaches. Non-deterministic data in

MADM approaches are included in 46 articles (59% of all MADM approaches),

whereas in MODM approaches only 27 papers (21% of all MODM approaches) use

uncertainty in parameters. Among non-deterministic models fuzzy set theory is most

frequently applied to take uncertainty into account. Fuzzy set theory is used to take
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uncertainty into account in weights of decision makers, demand, capacities, prices

of products, and customer satisfaction levels. Fuzzy set theory was combined with

AHP, ANP, TOPSIS and Multi-Objective Optimisation models. In publications

concerned with MADM approaches, fuzzy set theory is applied in majority of

papers to treat uncertainty, and other approaches are used in five papers only. Liou

et al. (2016), Chithambaranathan et al. (2015), Hashemi et al. (2015), and Wang

et al. (2014) apply grey system theory based approach to integrate uncertainty in

decision making process. In Cobuloglu and Buyuktahtakin (2015) stochastic AHP is

proposed to treat uncertain information obtained from decision makers.

In 14 publications associated with MODM approaches uncertainty in parameters

is treated with an approach different from fuzzy set theory. Eker and van Daalen

(2015) consider multiple sources of uncertainty associated with biomethane

production (e.g. resource availability, demand, capacity) and formulate a multi-

objective robust optimization model. Brandenburg (2015) studies supply chain

design problem under uncertain demands, and solves the proposed two-stage

stochastic programming model with discrete number of scenarios to support

production and transportation decisions. Gonela et al. (2015) consider uncertain

parameters related to bioethanol price, demand, and biomass yield. A two-stage

stochastic programming model is proposed to support design and production

decisions in bioethanol supply chain. Govindan et al. (2015a) consider uncertain

demand of retailers, and develop a scenario-based two-stage stochastic program-

ming network design model including transportation and manufacturing decisions.

Fahimnia and Jabbarzadeh (2016) apply a two-stage stochastic fuzzy goal

programming approach to design a resiliently sustainable supply chain by

considering a set of disaster scenarios. Kravanja (2010) includes uncertain

parameters related to processing, and the non-linear problem including uncertainty

is solved with the developed synthesizer to derive Pareto-efficient solutions.

Radulescu et al. (2009) formulate a multi-objective stochastic programming model

with random vectors (with multivariate normal distribution) in the objective

function and solve the presented model with a genetic algorithm. Radulescu et al.

(2008) solve a stochastic programming model (with random selling price

coefficients) with optimisation software maximising one objective at a time. Wu

and Chang (2004) use the grey system theory to account for uncertainty, and solve

their problem with grey compromise programming approach. Guillen-Gosalbez and

Grossmann (2009, 2010) include uncertainty related to environmental damage and

use a chance constraint indicating that environmental impact must be within a given

bound at a given probability. Three papers include uncertainty in demand in

inventory models. Marti et al. (2015), and Schaefer and Konur (2015) consider

uncertain demand while using a continuous review inventory policy. Sazvar et al.

(2014) also consider uncertain demand and propose a two-stage stochastic

programming model. Limited number of papers shows an opportunity for future

research to consider uncertainty in parameters in MCDM approaches.

It can be observed that in eight out of ten papers concerned with food products,

all data are assumed to be deterministic. Ziolkowska (2014) uses fuzzy set theory to

evaluate linguistic variables assigned by decision makers to assess the relation

between each production alternative and each attribute. Also in Azadnia et al.
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(2015) experts’ (linguistic) evaluations are quantified based on fuzzy set theory.

None of the sources of uncertainty listed in the conceptual framework related to

food production (e.g. production yields or demand) are included papers that model

food supply chains.

The time aspect is taken into account in 51 publications. Perishability and

degrading product quality, however, is taken into account in only five publications

associated with food products. Soysal et al. (2014) and Govindan et al. (2014a) take

perishability into account by allowing a maximum number of consecutive time

periods that a food product can be stored. You et al. (2012) take into account a given

degradation rate during storage, i.e. it is assumed that during each time period a

given fraction of stored products deteriorates and cannot be used. Miret et al. (2016)

take into account biomass deterioration during the storage by considering a given

(fixed) deterioration rate for each product. To consider perishability Bortolini et al.

(2016) propose a quality function, which describes shelf life, to evaluate the quality

decrease over the time and the related market purchase probability.

5 Discussion and conclusions

As observed by Dekker et al. (2012), environmental performance can often be

improved substantially at a marginal expense of economic performance, and

MCDM approaches can be very useful within this context. To the best of our

knowledge, no reviews have specifically focused on MCDM approaches in GSCs

and related production, distribution, and inventory problems. The aim of this paper

was to review studies and to identify research opportunities in this field. While

MCDM approaches are important to identify solutions balancing environmental and

economic concerns, there are other approaches that can be used to take

environmental issues into account, e.g. financial evaluation of environmental

criteria, for instance carbon tax as presented in Chaabane et al. (2008), or using

economic objective and environmental constraints (or vice versa). In this

manuscript, however, we focused on papers that as a starting point apply MCDM

approaches to balance (conflicting) criteria of economic and environmental

performance.

We found that MCDM approaches to support production, distribution and

inventory decisions in GSCs gain an increasing interest in recent years. However,

using MCDM approaches to design green supply chains is currently absent in many

Operations Management and Supply Chain Management journals, which shows a

gap in literature. Most of the studied publications focus on production and

distribution problems. There are not many MCDM studies focusing on inventory

management. The reason may be that inventory management decisions do not

heavily influence the environmental impact. Storage of food products, however,

often requires temperature controlled conditions that are associated with energy

consumption. Nonetheless, we did not find any publications on inventory

management for food products, which shows a gap in literature. In fact, multi-

criteria approaches in green food supply chains are especially scarce, despite the

perishability of the products that often results in trade-offs between quality decay
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and costs. It is also surprising that no attention has been given to the closed loop

principles in publications concerned with perishable products, as we are aware of

technologies that can process agri-food waste into raw materials used in the same

supply chain, as presented in e.g. Zisopoulos et al. (2015).

It is observed that numerous indicators are used to account for environmental

performance in supply chains, indicating a lack of standards. We observe attempts

to assess the environmental impact of a SC by using standardised methods such as

Eco-Indicator, Impact2002, or environmental index. It appears, however, that there

is no agreement on a unified indicator to be used to account for environmental

damage, as newly created measures aggregating some indicators continue to

emerge. Notably, none of the publications concerned with food products take food

waste as an indicator. This is surprising knowing that food waste is a major concern

in food supply chains (Shukla and Jharkharia 2013), and one-third of all food

produced for human consumption is lost or wasted (FAO 2013).

To assess the limited number of alternatives, multi-attribute decision making

(MADM) approaches are used, mainly TOPSIS, AHP and ANP. These approaches

are commonly applied to assess potential suppliers, to select most appropriate

production technology, or to evaluate contractors for reverse logistics activities.

Multi-objective decision making (MODM) approaches are used to find an optimal

solution for a large or infinite set of alternatives. These approaches are used to

support decision making in problems associated with network design, transportation

planning, scheduling, and with allocation problems. Most publications concerned

with MODM approaches focus on deriving Pareto-efficient solutions, which are

especially informative, because they illustrate a quantified trade-off between

conflicting economic and environmental performance. Pareto efficient solutions are

derived to aid a decision maker in selecting most preferable solution. Weighted sum

method and e-constraint method are most commonly used to derive these efficient

solutions, while other methods often require involvement of the decision maker,

who may not always be available or capable to participate in weight elicitation

process. In some publications Pareto-efficient solutions are derived, and an MADM

approach is used to select a single solution out of the efficient set.

Notably, in the majority of papers on eco-efficient supply chains all data are

assumed to be deterministic, and uncertainty is hardly taken into account. Fuzzy set

theory is most commonly applied to take uncertainty into account, and the use of

other approaches to treat uncertainty in a multi-criteria context is limited. We

therefore conclude that there is a need for more emphasis to include uncertainty

inherently associated with supply chains (in demand, prices, processing parameters,

quality change in products, as pointed out in the developed framework). This can

lead to the need for exploring other solution approaches that are capable of

including uncertainty in various data parameters in all decision problems.

We conclude that more attempts to balance economic and environmental criteria

in real-life SC decision problems are needed. In line with Brandenburg et al. (2014),

we identify a need for more stochastic approaches in modelling to represent the

uncertain decision environment of SCs, to take intrinsic characteristics of products

into account. It will be interesting to observe which impact stochasticity in

parameters has on decision making and on eco-efficient frontiers in supply chains.
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Paksoy T, Bektaş T, Özceylan E (2011) Operational and environmental performance measures in a multi-

product closed-loop supply chain. Transp Res Part E Logist Transp Rev 47:532–546

Paksoy T, Pehlivan NY, Ozceylan E (2012) Fuzzy multi-objective optimization of a green supply chain

network with risk management that includes environmental hazards. Hum Ecol Risk Assess

18:1120–1151

Perez-Fortes M, Lainez-Aguirre JM, Arranz-Piera P, Velo E, Puigjaner L (2012) Design of regional and

sustainable bio-based networks for electricity generation using a multi-objective MILP approach.

Energy 44:79–95

MCDM approaches for GSCs… 391

123



Pishvaee MS, Razmi J, Torabi SA (2014) An accelerated Benders decomposition algorithm for

sustainable supply chain network design under uncertainty: a case study of medical needle and

syringe supply chain. Transp Res Part E-Logist Transp Rev 67:14–38

Pohekar SD, Ramachandran M (2004) Application of multi-criteria decision making to sustainable energy

planning—a review. Renew Sustain Energy Rev 8:365–381

PWC (2011) Minerals and metals scarcity in manufacturing: the ticking time bomb. Sustain Mater

Manag. www.pwc.com/resourcescarcity

Quariguasi Frota Neto J, Bloemhof-Ruwaard JM, Van Nunen J, Van Heck E (2008) Designing and

evaluating sustainable logistics networks. Int J Prod Econ 111:195–208

Quariguasi Frota Neto J, Walther G, Bloemhof J, Van Nunen J, Spengler T (2009) A methodology for

assessing eco-efficiency in logistics networks. Eur J Oper Res 193:670–682

Quariguasi Frota Neto J, Walther G, Bloemhof J, Van Nunen J, Spengler T (2010) From closed-loop to

sustainable supply chains: the WEEE case. Int J Prod Res 48:4463–4481

Radulescu M, Radulescu CZ, Filip FG (2008) Sustainable production planning models. Proc Rom Acad

Ser-Math PhysTech Sci Inf Sci 9:149–156

Radulescu M, Radulescu S, Radulescu CZ (2009) Sustainable production technologies which take into

account environmental constraints. Eur J Oper Res 193:730–740

Ramos TRP, Gomes MI, Barbosa-Povoa AP (2014) Planning a sustainable reverse logistics system:

balancing costs with environmental and social concerns. Omega-Int J Manag Sci 48:60–74

Ramudhin A, Chaabane A, Paquet M (2010) Carbon market sensitive sustainable supply chain network

design. Int J Manag Sci Eng Manag 5:30–38

Ravi V, Shankar R, Tiwari MK (2005) Analyzing alternatives in reverse logistics for end-of-life

computers: ANP and balanced scorecard approach. Comput Ind Eng 48:327–356

Ravi V, Shankar R, Tiwari MK (2008) Selection of a reverse logistics project for end-of-life computers:

ANP and goal programing approach. Int J Prod Res 46:4849–4870

Ren JZ, Manzardo A, Toniolo S, Scipioni A (2013) Sustainability of hydrogen supply chain. Part II:

prioritizing and classifying the sustainability of hydrogen supply chains based on the combination of

extension theory and AHP. Int J Hydrog Energy 38:13845–13855

Rostamzadeh R, Govindan K, Esmaeili A, Sabaghi M (2015) Application of fuzzy VIKOR for evaluation

of green supply chain management practices. Ecol Ind 49:188–203

Sadrnia A, Ismail N, Zulkifli N, Ariffin MKA, Nezamabadi-Pour H, Mirabi H (2013) A multiobjective

optimization model in automotive supply chain networks. Math Probl Eng. doi:10.1155/2013/

823876

Sahay N, Ierapetritou M (2013) Supply chain management using an optimization driven simulation

approach. AIChE J 59:4612–4626

Sang XZ, Liu XW (2016) An interval type-2 fuzzy sets-based TODIM method and its application to green

supplier selection. J Oper Res Soc 67:722–734

Santibanez-Aguilar JE, Ponce-Ortega JM, Gonzalez-Campos JB, Serna-Gonzalez M, El-Halwagi MM

(2013a) Optimal planning for the sustainable utilization of municipal solid waste. Waste Manag

33:2607–2622

Santibanez-Aguilar JE, Ponce-Ortega JM, Gonzalez-Campos JB, Serna-Gonzalez M, El-Hawagi MM

(2013b) Synthesis of distributed biorefining networks for the value-added processing of water

hyacinth. Acs Sustain Chem Eng 1:284–305

Santibanez-Aguilar JE, Gonzalez-Campos JB, Ponce-Ortega JM, Serna-Gonzalez M, El-Halwagi MM

(2014) Optimal planning and site selection for distributed multiproduct biorefineries involving

economic, environmental and social objectives. J Clean Prod 65:270–294

Santibanez-Aguilar JE, Martinez-Gomez J, Ponce-Ortega JM, Napoles-Rivera F, Serna-Gonzalez M,

Gonzalez-Campos JB, El-Halwagi MM (2015) Optimal planning for the reuse of municipal solid

waste considering economic, environmental, and safety objectives. AIChE J 61:1881–1899

Sazvar Z, Al-E-hashem S, Baboli A, Jokar MRA (2014) A bi-objective stochastic programming model for

a centralized green supply chain with deteriorating products. Int J Prod Econ 150:140–154

Schaefer B, Konur D (2015) Economic and environmental considerations in a continuous review

inventory control system with integrated transportation decisions. Transp Res Part E-Logist Transp

Rev 80:142–165

Scott JA, Ho W, Dey PK (2012) A review of multi-criteria decision-making methods for bioenergy

systems. Energy 42:146–156

Scott JA, Ho W, Dey PK (2013) Strategic sourcing in the UK bioenergy industry. Int J Prod Econ

146:478–490

392 A. Banasik et al.

123

http://www.pwc.com/resourcescarcity
http://dx.doi.org/10.1155/2013/823876
http://dx.doi.org/10.1155/2013/823876


Senthil S, Srirangacharyulu B, Ramesh A (2014) A robust hybrid multi-criteria decision making

methodology for contractor evaluation and selection in third-party reverse logistics. Expert Syst

Appl 41:50–58

Seuring S (2012) A review of modeling approaches for sustainable supply chain management. Decis

Support Syst 54:1513–1520

Seuring S, Müller M (2008) From a literature review to a conceptual framework for sustainable supply

chain management. J Clean Prod 16:1699–1710

Shaw K, Shankar R, Yadav SS, Thakur LS (2012) Supplier selection using fuzzy AHP and fuzzy multi-

objective linear programming for developing low carbon supply chain. Expert Syst Appl

39:8182–8192

Shaw K, Shankar R, Yadav SS, Thakur LS (2013) Modeling a low-carbon garment supply chain. Prod

Plan Control 24:851–865

Shen LX, Olfat L, Govindan K, Khodaverdi R, Diabat A (2013) A fuzzy multi criteria approach for

evaluating green supplier’s performance in green supply chain with linguistic preferences. Resour

Conserv Recycl 74:170–179

Shimizu Y, Sakaguchi T, Shimada H (2015) Multi-objective optimization for creating a low-carbon

logistics system through community-based action. J Adv Mech Des Syst Manuf 9:63

Shukla M, Jharkharia S (2013) Agri-fresh produce supply chain management: a state-of-the-art literature

review. Int J Oper Prod Manag 33:114–158

Singh S, Olugu EU, Musa SN, Mahat AB, Wong KY (2016) Strategy selection for sustainable

manufacturing with integrated AHP-VIKOR method under interval-valued fuzzy environment. Int J

Adv Manuf Technol 84:547–563

Soysal M, Bloemhof-Ruwaard JM, Meuwissen MPM, van der Vorst JGAJ (2012) A review on

quantitative models for sustainable food logistics management. Int J Food Syst Dyn 3:136–155

Soysal M, Bloemhof-Ruwaard JM, van der Vorst JGAJ (2014) Modelling food logistics networks with

emission considerations: the case of an international beef supply chain. Int J Prod Econ 152:57–70

Srivastava SK (2007) Green supply-chain management: a state-of-the-art literature review. Int J Manag

Rev 9:53–80

Stas D, Lenort R, Wicher P, Holman D (2015) Green Transport balanced scorecard model with analytic

network process support. Sustainability 7:15243–15261

Tang CS, Zhou S (2012) Research advances in environmentally and socially sustainable operations. Eur J

Oper Res 223:585–594

Tang XF, Zhang J, Xu P (2013) A multi-objective optimization model for sustainable logistics facility

location. Transp Res Part D-Transp Environ 22:45–48

Tang JH, Ji SF, Jiang LW (2016) The design of a sustainable location-routing-inventory model

considering consumer environmental behavior. Sustainability 8:211

Tognetti A, Grosse-Ruyken PT, Wagner SM (2015) Green supply chain network optimization and the

trade-off between environmental and economic objectives. Int J Prod Econ 170:385–392

Tseng ML, Lin YH, Tan K, Chen RH, Chen YH (2014) Using TODIM to evaluate green supply chain

practices under uncertainty. Appl Math Model 38:2983–2995

TSP (2010) The shift project data portal. http://www.tsp-data-portal.org/Breakdown-of-GHG-Emissions-

by-Sector

Tsui CW, Wen UP (2014) A hybrid multiple criteria group decision-making approach for green supplier

selection in the TFT-LCD Industry. Math Probl Eng. doi:10.1155/2014/709872

Tuzkaya G (2013) An intuitionistic fuzzy Choquet integral operator based methodology for environ-

mental criteria integrated supplier evaluation process. Int J Environ Sci Technol 10:423–432

Tuzkaya G, Ozgen A, Ozgen D, Tuzkaya UR (2009) Environmental performance evaluation of suppliers:

a hybrid fuzzy multi-criteria decision approach. Int J Environ Sci Technol 6:477–490

Tzeng GH, Huang JJ (2011) Multiple attribute decision making: methods and applications. Taylor &

Francis, Routledge

Validi S, Bhattacharya A, Byrne PJ (2014a) A case analysis of a sustainable food supply chain

distribution system—a multi-objective approach. Int J Prod Econ 152:71–87

Validi S, Bhattacharya A, Byrne PJ (2014b) Integrated low-carbon distribution system for the demand

side of a product distribution supply chain: a DoE-guided MOPSO optimiser-based solution

approach. Int J Prod Res 52:3074–3096

Validi S, Bhattacharya A, Byrne PJ (2015) A solution method for a two-layer sustainable supply chain

distribution model. Comput Oper Res 54:204–217

MCDM approaches for GSCs… 393

123

http://www.tsp-data-portal.org/Breakdown-of-GHG-Emissions-by-Sector
http://www.tsp-data-portal.org/Breakdown-of-GHG-Emissions-by-Sector
http://dx.doi.org/10.1155/2014/709872


van der Vorst JGAJ (2000) Effective food supply chains; generating, modelling and evaluatingsupply

chain scenarios, PhD-thesis, Wageningen University, Wageningen

van der Vorst JGAJ, Tromp SO, van der Zee DJ (2009) Simulation modelling for food supply chain

redesign; Integrated decision making on product quality, sustainability and logistics. Int J Prod Res

47:6611–6631

van Meensel J, Lauwers L, van Huylenbroeck G, van Passel S (2010) Comparing frontier methods for

economic-environmental trade-off analysis. Eur J Oper Res 207:1027–1040

Wallenius J, Dyer JS, Fishburn PC, Steuer RE, Zionts S, Deb K (2008) Multiple criteria decision making,

multiattribute utility theory: recent accomplishments and what lies ahead. Manag Sci 54:1336–1349

Wan SP, Dong JY (2015) Power geometric operators of trapezoidal intuitionistic fuzzy numbers and

application to multi-attribute group decision making. Appl Soft Comput 29:153–168

Wan S-P, Li D-F (2015) Fuzzy mathematical programming approach to heterogeneous multiattribute

decision-making with interval-valued intuitionistic fuzzy truth degrees. Inf Sci 325:484–503

Wang F, Lai X, Shi N (2011) A multi-objective optimization for green supply chain network design.

Decis Support Syst 51:262–269

Wang X, Dang YG, Hou DQ (2014) Multiattribute grey target decision method based on soft set theory.

Math Probl Eng. doi:10.1155/2014/307586

Wang EJ, Lin CY, Su TS (2016) Electricity monitoring system with fuzzy multi-objective linear

programming integrated in carbon footprint labeling system for manufacturing decision making.

J Clean Prod 112:3935–3951

Wu C, Barnes D (2016) An integrated model for green partner selection and supply chain construction.

J Clean Prod 112:2114–2132

Wu CC, Chang NB (2004) Corporate optimal production planning with varying environmental costs: a

grey compromise programming approach. Eur J Oper Res 155:68–95

Yan B, di Somma M, Bianco N, Luh PB, Graditi G, Mongibello L, Naso V (2016) Exergy-based

operation optimization of a distributed energy system through the energy-supply chain. Appl Therm

Eng 101:741–751

Yang B, Hu ZH, Wei C, Li SQ, Zhao L, Jia S (2015) Routing with time-windows for multiple

environmental vehicle types. Comput Ind Eng 89:150–161

Yeh WC, Chuang MC (2011) Using multi-objective genetic algorithm for partner selection in green

supply chain problems. Expert Syst Appl 38:4244–4253

Yildirim MB, Mouzon G (2012) Single-machine sustainable production planning to minimize total

energy consumption and total completion time using a multiple objective genetic algorithm. IEEE

Trans Eng Manag 59:585–597

You F, Tao L, Graziano DJ, Snyder SW (2012) Optimal design of sustainable cellulosic biofuel supply

chains: multiobjective optimization coupled with life cycle assessment and input-output analysis.

AIChE J 58:1157–1180

Yu Q, Hou FJ (2016) An approach for green supplier selection in the automobile manufacturing industry.

Kybernetes 45:571–588

Yu H, Solvang WD, Yuan S, Yang Y (2015) A decision aided system for sustainable waste management.

Intell Decis Technol-Neth 9:29–40

Yue DJ, Kim MA, You FQ (2013) Design of sustainable product systems and supply chains with life

cycle optimization based on functional unit: general modeling framework, mixed-integer nonlinear

programming algorithms and case study on hydrocarbon biofuels. Acs Sustain Chem Eng

1:1003–1014

Yue DJ, Slivinsky M, Sumpter J, You FQ (2014) Sustainable design and operation of cellulosic

bioelectricity supply chain networks with life cycle economic, environmental, and social

optimization. Ind Eng Chem Res 53:4008–4029

Yue D, Gong J, You F (2015) Synergies between geological sequestration and microalgae biofixation for

greenhouse gas abatement: life cycle design of carbon capture, utilization, and storage supply

chains. Acs Sustain Chem Eng 3:841–861

Yue D, Pandya S, You F (2016) Integrating hybrid life cycle assessment with multiobjective

optimization: a modeling framework. Environ Sci Technol 50:1501–1509

Zavadskas EK, Turskis Z, Kildien _e S (2014) State of art surveys of overviews on MCDM/MADM

methods. Technol Econ Dev Econ 20:165–179

Zeydan M, Colpan C, Cobanoglu C (2011) A combined methodology for supplier selection and

performance evaluation. Expert Syst Appl 38:2741–2751

394 A. Banasik et al.

123

http://dx.doi.org/10.1155/2014/307586


Zhang XL, Xu ZS (2015) Hesitant fuzzy QUALIFLEX approach with a signed distance-based

comparison method for multiple criteria decision analysis. Expert Syst Appl 42:873–884

Zhang Q, Shah N, Wassick J, Helling R, van Egerschot P (2014) Sustainable supply chain optimisation:

an industrial case study. Comput Ind Eng 74:68–83

Zhao HR, Guo S (2014) Selecting green supplier of thermal power equipment by using a hybrid MCDM

method for sustainability. Sustainability 6:217–235

Zhong J, Yu TE, Larson JA, English BC, Fu JS, Calcagno J (2016) Analysis of environmental and

economic tradeoffs in switchgrass supply chains for biofuel production. Energy 107:791–803

Zhou ZY, Cheng SW, Hua B (2000) Supply chain optimization of continuous process industries with

sustainability considerations. Comput Chem Eng 24:1151–1158

Zhou FL, Lin Y, Wang X, Zhou L, He YD (2016) ELV recycling service provider selection using the

hybrid MCDM method: a case application in China. Sustainability 8:482

Ziolkowska JR (2014) Optimizing biofuels production in an uncertain decision environment:

conventional vs. advanced technologies. Appl Energy 114:366–376

Zisopoulos FK, Moejes SN, Rossier-Miranda FJ, van der Goot AJ, Boom RM (2015) Exergetic

comparison of food waste valorization in industrial bread production. Energy 82:640–649

Aleksander Banasik is a PhD student at Operations Research and Logistics group at Wageningen

University and Research (the Netherlands). He holds two master’s degrees: in Informatics and

Econometrics from Warsaw University of Life Sciences (2011), and in Management, Economics, and

Consumer Studies from Wageningen University (2011). His research interests include mathematical

modelling, multi-objective optimization, supply chain management, sustainability, and circular economy.

Jacqueline M. Bloemhof-Ruwaard is a Full Professor in Operations Research and Logistics at

Wageningen University & Research. She is an international leading expert in the field of Sustainable

Logistics Management, developing conceptual models to assess the sustainability performance of

logistics and decision support models to improve fresh supply chains. She published more than 60 papers

in ISI journals, with an H-score of 21 in Google Scholar, 12 in Thomson Reuters Web of Science. Her

main fields of research interests are supply chain management, closed loop supply chains, logistics

networks, agricultural distribution networks, and sustainability.

Before joining Wageningen University, she was Assistant Professor at Rotterdam School of

Management, Erasmus University Rotterdam, a PhD student at Wageningen University and a research

associate at INSEAD, France.

Argyris Kanellopoulos is an Assistant Professor with the Operations Research and Logistics group of

Wageningen University. His research focuses on designing sustainable agri-food systems that ensure

supply of food, fibre and biomass and enhance agri-ecological processes within a changing

socioeconomic and bio-physical environment. He is an expert on quantitative methods and decision

support tools used in integrated assessments of agricultural and environmental policies, climate change,

and scenario analysis. He is supervising 4 PhD students, and he has published 20 papers in ISI journals

(H-index 10 in google scholar).

G. D. H. (Frits) Claassen is Associate Professor in the chair group Operations Research and Logistics at

Wageningen University and Research (The Netherlands). His research focuses on the application of

Operations Research (OR) models – and solution techniques in practice. His main fields of expertise

include OR-based modelling, multi criteria decision-making, logistical planning problems, and Decision

Support Systems particularly applied to quality controlled logistics and sustainable supply chain

management.

Jack G. A. J. van der Vorst is Professor in AgriFood Supply Chain Logistics, General Director of the

Social Sciences Group and member of the Board of Directors of Wageningen University and Research,

The Netherlands. From 2005 to 2015 he was Chair of the Operations Research and Logistics Group and

Head of the Management Decision Support section at Wageningen University. His research focuses on

the development of innovative and sustainable logistics concepts in AgriFood Supply Chain Networks

and related decision support models. Jack won many industrial and scientific research grants and was

MCDM approaches for GSCs… 395

123



coordinator and/or work package leader of multiple EU projects and national co-innovation projects.

From 2001–2005 he was active as management consultant for food industries and agribusiness. Jack

lectured in BSc, MSc and MBA programs and supervised many PhD and Master students. He

(co)authored over 100 peer reviewed articles and is member of multiple Supervisory and Advisory

Boards.

396 A. Banasik et al.

123


	Multi-criteria decision making approaches for green supply chains: a review
	Abstract
	Introduction
	Conceptual framework
	Eco-efficiency indicators in supply chains
	Decision problems in supply chain management
	MCDM model characteristics and requirements

	Literature review method
	Results
	Decision problems
	Key performance indicators
	Solution approaches
	Model characteristics

	Discussion and conclusions
	References


