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A B S T R A C T   

This paper provides a systematic and up-to-date review and classification of 91 studies on quantitative methods 
of green supply chains for sustainable inventory management. It particularly identifies the main study areas, 
findings and quantitative models by setting a point for future research opportunities in sustainable inventory 
management. It seeks to review the quantitative methods that can better contribute to deal with the environ
mental impact challenge. More specifically, it focuses on different supply chain designs (green supply chain, 
sustainable supply chain, reverse logistics, closed-loop supply chain) in a broader application context. It also 
identifies the most important variables and parameters in inventory modelling from a sustainable perspective. 
The paper also includes a comparative analysis of the different mathematical programming, simulation and 
statistical models, and their solution approach, with exact methods, simulation, heuristic or meta-heuristic so
lution algorithms, the last of which indicate the increasing attention paid by researchers in recent years. The 
main findings recognise mixed integer linear programming models supported by heuristic and metaheuristic 
algorithms as the most widely used modelling approach. Minimisation of costs and greenhouse gas emissions are 
the main objectives of the reviewed approaches, while social aspects are hardly addressed. The main contem
plated inventory management parameters are holding costs, quantity to order, safety stock and backorders. 
Demand is the most frequently shared information. Finally, tactical decisions, as opposed to strategical and 
operational decisions, are the main ones.   

1. Introduction 

This paper is oriented to sustainable inventory management (SIM), 
which refers to making decisions about inventory, storage and material 
handling to reduce economical, environmental and social impacts. 
Including location and transport issues in supply chain modelling would 
lead to sustainable supply chains. Green supply chain management 
would, on the other hand, focus mainly on the integration of environ
mental considerations. 

In past decades, awareness and growing concern about environ
mental, social and economic aspects have significantly increased. The 
focus on supply chain (SC) management (SCM) has, therefore, moved 
from a specific economic perspective to the broader adoption and 
development of the other sustainability, environmental and social as
pects (Nikolopoulou and Ierapetritou, 2012). Sustainability can be 
defined as the development that meets the current generation’s needs 

without compromising the ability of future generations to meet their 
own needs (Brundtland, 1989). Zarta Ávila (2018) defines the sustain
ability objective based on fulfilling human needs and achieving their 
aspirations, understood as improved quality of life. Therefore, a greater 
equitable redistribution of resources, higher productivity levels and a 
substantial change in technological terms are required. The incorpora
tion of the sustainability concept into SCs has been widely studied by 
researchers (Ahi and Searcy, 2013). 

Thus sustainable SCM has been defined as the creation of a coordi
nated SC by integrating economical, environmental and social issues 
with key industrial systems designed to effectively manage the flows of 
materials, information and capital associated with the procurement, 
production and distribution of goods to meet stakeholder needs, and to 
improve profitability, competitiveness and resilience in the short and 
long terms. Otherwise green SCM (GSCM) would not contemplate the 
integration of economic and social considerations in relation to 
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sustainable SCM. GSCM can help companies to decrease wasted energy, 
reduce carbon emissions and continue with their operations by consid
ering environmental impacts and resource efficiency (Halat and Hafe
zalkotob, 2019). Research on GSCM has considerably increased, which 
is important for developing sustainable inventory models that consider 
revenue growth, waste prevention and reduced energy costs in, for 
example, the online pharmaceutical SC (Chen et al., 2019). Direct car
bon emissions, caused by both the transport and storage of goods as an 
indicator of the inventory system’s environmental performance, are a 
major cause of CO2 emissions and the single largest source of environ
mental hazards in the logistics chain (Arikan et al., 2014). Thus de
cisions on supply lead times (LTs), reorder quantities and storage 
equipment impact costs and emissions (Fichtinger et al., 2015). In light 
of all this, there is a growing need to design and apply reverse logistics 
systems in different sectors. A major difficulty arises from considering 
uncertainty in the rate of product returns and estimations of supplies. 
Therefore, developing more realistic models capable of handling com
plex industrial cases, and efficient solution techniques for dealing with 
big data, is necessary (Bostel et al., 2005). Moreover, the adoption of 
cleaner technologies allows the amount of waste to decrease and, hence, 
disposal costs also lower (Yadav et al., 2021). Here circular economy 
(CE) strategies support SCs to become more sustainable (Geisendorf and 
Pietrulla, 2018). CE is defined as an economic system that aims to pre
vent the depletion of resources, close energy and materials loops, and to 
facilitate sustainable development by implementing it at micro- (en
terprises and consumers), meso- (economic agents integrated into 
symbiosis) and macro- (city, regions and governments) levels. For 
instance, avoiding returns of faulty products to manufacturers, consid
ering that a manufacturer is far away, it is costly and time-consuming for 
purchasers to have to use reverse logistics, and repairing them in local 
repair stores will also have a positive environmental impact (Ahmed 
et al., 2021). This CE model requires cyclical and regenerative envi
ronmental innovations in the way that society legislates, produces and 
consumes (Prieto-Sandoval et al., 2018). Thus, CE can be considered a 
means to achieve business sustainability, but not all the systems that 
incorporate circular flows are intrinsically more sustainable. This could 
be because CE practices, which consist of reusing of products and 
providing them a new market position, focus mostly on caring for the 
environment and overlook the other two sustainability aspects: eco
nomic and social (Alarcón et al., 2020). 

Sustainable inventory management (SIM) practices in the SC context 
have scarcely been analysed in the scientific literature. Hence, this 
research aims to review the literature on quantitative models for SIM in 
different application contexts along with a green SC. More specifically, 
this study attempts to provide answers to the following research ques
tions (RQ): 

RQ1. What are the main sustainability research areas developed for 
inventory management in SCM according to sustainability principles 
and CE? 

RQ2. What are the main findings for inventory management along 
with SCM according to sustainability principles and CE? 

RQ3. Which quantitative models and software tools are used for 
inventory management in SCM according to sustainability principles 
and CE? 

Alternatively, Nikolopoulou and Ierapetritou (2012) review some 
relevant research works on sustainable chemical processes and SCs, and 
identify emerging challenges: energy efficiency and waste management; 
environmentally sustainable SC; sustainable water management. Kam
ble et al. (2020) present a framework for the practitioners involved in 
the agri-food SC that identifies both visibility and resources as the main 
driving forces for developing data analytics capability and achieving 
sustainable performance. The main contributions of the study of Asghari 
and Mirzapour Al-e-hashem (2021) are related to the green vehicle 
routing problem. They present a classification scheme based on three 
major technologies, including internal combustion engine vehicles, 
alternative-fuel powered vehicles and hybrid electric vehicles. The 

aforementioned reviews focus on specific contexts of application or 
decision problems. Here, the orientation of this article is focused on 
providing a literature review on quantitative SIM models in green SCs in 
order to offer structured knowledge for a better understanding of in
ventory management from a quantitative and sustainable perspective. 
Articles based on the following main criteria were selected, reviewed 
and classified: sustainable SCM or GSCM, SIM and quantitative models. 
The main contributions of this paper are to: (i) review the literature; (ii) 
classify the literature based on the purpose, context application, SC 
structure, level decision, shared information, inventory policies, in
ventory model variables, sustainability, CE, green approaches, model
ling approaches, solution approaches and software tools; (iii) discuss 
trends and identify future research directions. 

The remaining paper is organised as follows. Section 2 presents the 
review methodology. Section 3 offers the literature review that focuses 
on each classification criterion. Section 4 and 5 respectively offer the 
research conclusions and discussion. 

2. Review methodology 

Fig. 1 presents the review methodology based on Díaz-Madroñero 
et al. (2014) and Novais et al. (2019) which, as a first step, contemplates 
the research questions (RQ1, RQ2 and RQ3) to fulfil the research 
objectives. 

Regarding data collection, the second step involves searching and 
identifying relevant studies to answer the research questions. In this 
case, the search which considers the terms sustainable SC, inventory 
management and quantitative methods was performed using the Scopus 
and Web of Science (WOS) databases. The search criteria script, based 
on the topic (TS) in the WOS core collection and source title, abstract 
and keywords (TITLE-ABS-KEY) in Scopus, was applied in both search 
engines as shown in Table 1. 

After the search, those articles that met the research objectives were 
selected. Likewise, a series of exclusion criteria was determined: docu
ments beyond the main research scope, i.e. papers that do not consider 
environmental issues, quantitative models or case studies about specific 
sectors unrelated to SCs, among others; duplicate articles between the 
WOS and Scopus databases; conference reviews. As a result, 91 articles 
were selected for the literature review, where the first paper in this 
research area was published by Pati et al. (2004) and, therefore, the 
topic has been mainly studied in recent years (Fig. 3). This paper pre
sents a broader classification of those articles published until the first 
quarter of 2021. A summarised table with the main contributions of the 
reviewed articles is provided in Appendix 1. Of selected papers, a set of 
15 (16.5%) was selected from the International Journal of Production 
Economics, six (6.6%) from the Journal of Cleaner Production, five 
(5.5%) from the European Journal of Operational Research and five 
(5.5%) from Sustainability. The other papers were published in diverse 
journals (54.9%), conferences (7.7%) and two book chapters (2.2%), as 
shown in Fig. 2. Here it is important to highlight that of the authors 
reviewed Kannan Govindan from the University of Southern Denmark, 
which stands out with 30 publications in the last 5 years in the Journal of 
Cleaner Production that refer to sustainability in the SC. 

The distribution of publications with time (Fig. 3) revealed that the 
research topic has recently caught researchers’ attention. Indeed in the 
last 10 years, most research (91.1%) has been conducted and more than 
half the studies (60%) have been published in the last 5 years. 

According to the research methodology, the fourth step is to define 
research classification criteria. Accordingly, Díaz-Madroñero et al. 
(2014) present a review of discrete-time optimisation models for tactical 
production planning whose classification criteria are considered here by 
selecting those that met the research objective and extending the clas
sification criteria with three new specific criteria: (i) inventory model
ling; (ii) inventory policies; (iii) sustainability, CE and green modelling 
approaches. All the classification criteria are described as follows: 

Purpose: the objective/s defined in the quantitative model. 
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Application context: this presents the application that each proposal 
considers in terms of supporting numerical experiments or case studies 
in real-world production contexts. 

SC structure: it defines the way that the various organisations in the 
SC are arranged and how they relate to one another. 

Decision level: three decision levels were distinguished in terms of 
the decision to be made, strategical, tactical, operational, along with its 
corresponding time period, i.e., long term, mid-term, short term. 

Shared information: it consists of the information shared between 

each network node that which the model determines, which enables 
production and transport planning in accordance with the drawn up 
purpose. 

Inventory policies: they refer to the supplier, manufacturer or 
distributor policies for replenishing customers’ goods. 

Inventory modelling: it provides details of the inventory variables 
and/or parameters that are used to model the inventory. 

Sustainability, CE and green modelling approaches: they offer details 
as to whether the study develops a green solution (environmental), a 
sustainable solution, or an economic, environmental and social one or in 
the CE context. 

Modelling approach: it consists of the type of problem representation 
(mathematical relations in this case) and the aspects to be considered in 
the production system. 

Solution approaches: they are the mathematical methods and solu
tion algorithms developed to solve the proposed quantitative models, 
such as exact algorithms, relaxation heuristics, metaheuristics, problem- 
specific heuristics, among others. 

Software tool: it refers to the commercial or non-commercial soft
ware tools needed to implement and solve the proposed models. 

3. Literature review 

Regarding the purpose of the reviewed articles, a set of objectives in 
the quantitative models studied was identified and classified as shown in 
Table 2. They are related to costs, customer service and environmental 

Fig. 1. Research methodology.  

Table 1 
Search methodology.  

Database Search criteria script Results 

WOS TS= ("supply chain*" OR "supply network") AND TS=
(sustainab* OR green OR "circular economy" OR 
environment* OR social*) AND TS= ("inventory 
management") AND TS= ("quantitative method*" OR 
"quantitative model*" OR "math* programming" OR 
"optimisation*" OR "analytic model*" OR simulation OR 
"artificial intelligence") 

366 

Scopus (TITLE-ABS-KEY ("supply chain*" OR "supply network*") 
AND TITLE-ABS-KEY ("sustainab*" OR "green" OR "circular 
economy" OR "environment*" OR "social") AND TITLE-ABS- 
KEY ("inventory management") AND TITLE-ABS-KEY 
("quantitative method" OR "Math* programming" OR 
"Optimisation" OR "Analytical Model*" OR "Simulation" OR 
"artificial intelligence")) 

172  
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aspects. On costs, minimisation of costs, maximisation of benefits or 
profits, and maximisation of revenues are taken into account, while 
maximisation of the service level and minimisation of LTs are studied in 
customer service. Minimisation of emissions is considered an environ
mental aspect. Minimisation of total cost is the main purpose of the 
reviewed articles (78%), while maximisation of social impacts is studied 
less (1.1%). There is also a group of 23 studies that simultaneously 
considers minimisation of costs and emissions (see Table 2), and one 
reference (Ugarte et al., 2016) sets minimisation of emissions as its main 
purpose. Minimisation of costs is studied simultaneously with other 
purposes: minimisation of LTs; maximisation of benefits by Nativi and 
Lee (2012), who also include insight generation as a purpose; max
imisation of the service level by Deng et al. (2014), Yılmaz Balaman and 
Selim (2016) and Amer et al. (2018) who include maximisation of 
benefits as a third purpose; finally, maximisation of revenues (Ali et al., 

2020). Moreover, a group of nine papers contemplates only max
imisation of benefits or profits. 

With respect to the application context, as shown in Fig. 4, 40% of 
the papers do not consider a real-world application of the proposed 
model in a specific context. However, in the remaining articles, the main 
addressed application contexts of quantitative modelling for SIM in SC 
are: consumer goods (11%), energy, fuel and biofuel (9%), and other 
categories (17%) like waste management, spare parts, warehousing and 
hazardous substances. 

Appendix 2 describes the case studies and numerical examples used 
to validate the models proposed by the reviewed articles. It is important 
to highlight that of the 91 analysed articles, 80 were validated by a 
numerical example or practical application. 

With regards to the SC structure, the number of facilities and levels, 
and the structure of the material and information flow, contribute to 
chain complexity. SC structures can be classified as: dyadic, serial, 
convergent, divergent, conjoined and network (George and Madhusu
danan Pillai, 2019). The classification was extended to include 
closed-loop and reverse logistics criteria. A reverse logistics system 
consists of a series of activities like: collection, cleaning, disassembly, 
testing and sorting, storage, transport, recovery operations (Bostel et al., 
2005). A closed-loop SC (CLSC) consists in integrating a forward and 
reverse logistics system, including the use of the traditional SC struc
tures of the forward movement of goods to consumers and the applica
tion of specialised operations for reverse SC activities (Kuo, 2011). Fig. 5 
shows the distribution of publications per SC structure. Here the diver
gent structure is the most studied structure in the reviewed articles. 
Moreover, reverse logistics and CLSC represent 29.7% of all the studies, 
and the remainder is distributed among other structures. In particular, 
the aim of incorporating reverse and closed-loop logistics into the SC 
design is to achieve a certain level of sustainability. These designs have 
drawn researchers’ attention because of its contributions to economic, 

Fig. 2. Source and type of document.  

Fig. 3. Distribution of publications per year.  
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Table 2 
Purpose of the reviewed articles.  

Reference Min C Max SL Max B Min LT Max R IG Max S Min E 

Pati et al. (2004) X        
Lejeune (2006) X        
Pati et al. (2006) X        
Dekker et al. (2009) X   X     
Ross et al. (2010) X     X   
Kuo (2011) X        
Hua et al. (2011) X        
Zhang et al. (2011) X        
Nativi and Lee (2012) X  X   X   
Zhang et al. (2012) X        
Bouchery et al. (2012) X        
Ji et al. (2012)   X      
Kannan et al. (2012) X        
Palak et al. (2013) X       X 
Chen and Hsieh (2013) X        
Benjaafar et al. (2013) X       X 
Longo (2014) X        
Arikan et al. (2014) X       X 
Zhang et al. (2014) X        
Battini et al. (2014) X        
Bozorgi et al. (2014) X       X 
Deng et al. (2014) X X       
Kuo et al. (2014) X        
Fichtinger et al. (2015) X       X 
Andriolo et al. (2015) X       X 
Bazan et al. (2015) X        
Chen et al. (2015)   X      
Glock et al. (2015) X        
Jindal et al. (2015)   X      
Kumar et al. (2015) X        
Roozbeh Nia et al. (2015) X       X 
Rezapour et al. (2015)   X      
Soysal et al. (2015) X        
Ugarte et al. (2016)        X 
Yılmaz Balaman and Selim (2016) X X       
Chibeles-Martins et al. (2016)   X     X 
Franco et al. (2016) X       X 
Galel et al. (2016)      X   
Khan et al. (2016) X        
Konur et al. (2016) X       X 
Saif et al. (2016) X       X 
Tang et al. (2016) X       X 
Zhalechian et. (2016) X      X X 
Calmon and Graves (2017)     X    
Tsolakis and Srai (2017)     X    
Bazan et al. (2017) X       X 
Iassinovskaia et al. (2017) X        
Karimi et al. (2017)   X      
Karimi et al. (2017) X       X 
Moslemi et al. (2017) X       X 
Rahimi et al. (2017)  X X     X 
Takeda Berger et al. (2018)  X  X     
Ivanov (2018) X        
Amer et al. (2018) X X X      
Khademi and Eksioglu (2018) X        
Sun et al. (2018) X        
Yang et al. (2018) X        
Guo et al. (2018) X        
Galanopoulos et al. (2018)   X      
Asadi et al. (2018) X       X 
Niknamfar et al. (2018)   X      
Kang et al. (2018) X        
Lee et al. (2018) X        
Rau et al. (2018) X       X 
Stenius et al. (2018) X        
Galanopoulos et al. (2018)      X   
Halat and Hafezalkotob (2019) X       X 
Wang et al. (2019)         
Tighazoui et al. (2019)   X      
Paam et al. (2019) X        
Chen et al. (2019)   X      
Al-Aomar et al. (2019) X        
Castellano et al. (2019) X        
Darvish et al. (2019) X       X 

(continued on next page) 
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social and sustainable competitiveness. Since the beginning of the pre
sent century, many authors have begun to glimpse the impossibility of 
contemplating forward and reverse logistics as independent activities 
(Carrasco-Gallego, 2010). A CLSC considers the manufacturer and 
returns processes by integrating all the SC activities that capture addi
tional value by extending the traditional forward SC activities and 
additional activities of the reverse SC (Daniel et al., 2003). 

Decision levels are classified mainly as strategical, tactical and 
operational. They are differentiated by the scope or effect of the decision 

to be made in time terms. For instance, the decisions made in storage and 
distribution locations are strategical decisions, aspects like distribution 
planning, transport capacities, inventories and managing safety in
ventories are tactical decisions, while replenishment and delivery op
erations are operational decisions (Huang et al., 2003). Table 3 shows 
the distribution of publications at the different decision levels and, in 
some cases, at more than one level. Of all the reviewed articles, only one 
covers the operational decision level (Wang et al., 2020) to learn the 
minimum expectation value of all the orders’ total costs by assigning 
orders to different production lines and ships. Most studies (91%) focus 
on tactical level decisions, or only the tactical decision level, the 

Table 2 (continued ) 

Reference Min C Max SL Max B Min LT Max R IG Max S Min E 

Kovacs et al. (2019) X   X     
Li et al. (2019) X        
Ajay et al. (2020a) X        
Ajay et al. (2020b) X        
Ajay et al. (2020c) X        
Al-Haidous et al. (2020) X       X 
Mohammadnazari and Ghannadpour (2020) X        
Ganev et al. (2020) X       X 
Žic and Žic (2020) X       X 
Wang et al. (2020) X        
Ali et al. (2020) X    X    
Govindan et al. (2020) X        
Jemai et al. (2020) X       X 
Wu et al. (2021) X        
Solina et al. (2021) X        

Min C: Minimise cost; Max SL: Maximise satisfaction level; Max B: Maximise benefit (profit); Min LT: Minimise lead time; Max R: Maximise revenue; IG: Insight 
generation; Max S: Maximise social implications; Min E: Minimise emissions. 

Fig. 4. Distribution of publications per application context.  

Fig. 5. Distribution of publications per SC structure.  

Table 3 
Distribution of publication per decision level.  

Decision Level Reference 

Operational Wang et al. (2020) 
Tactical Pati et al. (2004), Dekker et al. (2009), Ross et al. (2010),  

Kuo (2011), Nativi and Lee (2012), Palak et al. (2013),  
Chen and Hsieh (2013), Longo (2014), Arikan et al. 
(2014), Zhang et al. (2014), Battini et al. (2014), Ugarte 
et al. (2016), Calmon and Graves (2017), Takeda Berger 
et al. (2018), Amer et al. (2018), Khademi and Eksioglu 
(2018), Yang et al. (2018), Ching et al. (2019), Halat and 
Hafezalkotob (2019), Wang et al. (2019), Paam et al. 
(2019), Chen et al. (2019), Ajay et al. (2020a), Ajay et al. 
(2020b), Ajay et al. (2020c), Al-Haidous et al. (2020), Žic 
and Žic (2020), Lejeune (2006), Pati et al. (2006), Hua 
et al. (2011), Zhang et al. (2011), Bouchery et al. (2012),  
Ji et al. (2012), Benjaafar et al. (2013), Bozorgi et al. 
(2014), Kuo et al. (2014), Andriolo et al. (2015), Bazan 
et al. (2015), Glock et al. (2015), Kumar et al. (2015),  
Roozbeh Nia et al. (2015), Soysal et al. (2015), Franco 
et al. (2016), Galal et al. (2016), Khan et al. (2016), Konur 
et al. (2016), Bazan et al. (2017), Iassinovskaia et al. 
(2017), Karimi et al. (2017), Konur et al. (2017), Rahimi 
et al. (2017), Niknamfar et al. (2018), Kang et al. (2018),  
Lee et al. (2018), Rau et al. (2018), Stenius et al. (2018),  
Al-Aomar et al. (2019), Castellano et al. (2019), Darvish 
et al. (2019), Kovacs et al. (2019), and Li et al. (2019) 

Strategical Zhang et al. (2012), Fichtinger et al. (2015), Tsolakis and 
Srai (2017), Galanopoulos et al. (2018), and Tighazoui 
et al. (2019) 

Tactical-Strategical Yılmaz Balaman and Selim (2016), Ivanov (2018), Guo 
et al. (2018), Mohammadnazari and Ghannadpour 
(2020), Ganev et al. (2020), Ali et al. (2020), Kannan 
et al. (2012), Deng et al. (2014), Chen et al. (2015), Jindal 
et al. (2015), Saif et al. (2016), Tang et al. (2016),  
Zhalechian et. (2016), Moslemi et al. (2017), and Jemai 
et al. (2020) 

Operational-Tactical- 
Strategical 

Bostel et al. (2005), Nikolopoulou and Ierapetritou 
(2012), Sun et al. (2018), Wu et al. (2021), Rezapour et al. 
(2015), Chibeles-Martins et al. (2016), Asadi et al. (2018), 
and Govindan et al. (2020)  
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strategical and tactical levels, the operational and strategical ones, or 
they consider them all decision levels. Specifically, Bostel et al. (2005) 
consider reverse logistics at the different hierarchical planning levels of 
the logistics network. The studies that only focus on tactical decisions 
mostly solve inventory problems (INP) and inventory-routing problems 
(IRP) to a similar extent, as detailed in Tables 3 and 5. Furthermore, 
publications that consider the strategical level of decisions include 
location problems (LOP) as in Ivanov (2018) who defined an optimal 
bioethanol facility location. Moreover, Guo et al. (2018) solved a 
location-inventory problem (LIP) to determine the optimal location and 
the number of orders per year in a CLSC. Finally, a set of articles take 
into account location-inventory-routing problems (LIRP), Bostel et al. 
(2005) and Nikolopoulou and Ierapetritou (2012) consider the three 
kinds of problems separately or in an integrated manner. Instead to a 
lesser extent, solve integrating LIRP in their cases as shown in Table 5. 

Regarding the shared information, the flow of information from each 
network node to the node that needs that piece of information is crucial 
to effectively plan an integrated SC. Seven types of shared information 
through the SC have been defined: product structure or bill of materials 
(BOM), inventory level (IL), inventory capacities (INC), inventory costs 
(IC), LTs, backorder costs (BC) and demand (D). This shared information 
is related to inventory management, and that is the reason for it being 
selected. It is worth highlighting shared information in relation to in
ventory and planning. According to the reviewed articles, demand in 70 
publications is the most shared information, followed by IL as the second 
most shared information in 31 articles. Table 4 summarises the various 
types of shared information per publication. Lack of timely shared in
formation among companies, including delays and feedbacks, distorts 
actual demand information and causes unnecessary waste (Huang et al., 
2003). 

One specific criterion proposed to extend the existing taxonomy is 
inventory policies. Most of the reviewed articles do not define an in
ventory policy, rather continuous review policies are adopted in a group 
of 27 publications (Appendix 4). In particular, the most studied policy is 
the (s, Q) policy, and economic order quantity (EOQ), Q, ordered every 
time the inventory position drops below reorder point s. Furthermore, 
five authors focus their studies on the (s, S) policy order up to a given 
level, S, every time the inventory position drops below reorder point s. 
Additionally, three special cases of the (s, S) policy are studied, with the 
base-stock policy (S-1, S) calls for placing a replenishment order after 
each demand that is equal in magnitude to the size of the demand. 
Moreover, periodic review policies appear in two articles to implement 
an (R, Q) policy, and to order an optimal quantity, Q, for every R time 
period. Only one publication (Longo, 2014) develops a model according 
to an (R, S) policy, and orders up to level S every R time periods. Other 
authors, for instance, Žic and Žic (2020) focus on an (R, s, S) policy that 
consists in ordering up to a level, S, every R time periods if the inventory 
position is less than or equals reorder point s. Some authors centre their 
research on the first-in first-out (FIFO) and last-in first-out (LIFO) in
ventory management methods. In their studies, Ajay et al. (2020a) 
compare both methods and, additionally, Ching et al. (2019) evaluate 
the impact of this opposing issuance policies on perishable products by 
reducing food wastage. Moreover, Amer et al. (2018) and Takeda Berger 
et al. (2018) develop models based on the replenishment pull system 
strategy, which is a lean technique for reducing waste in any production 
process. A group of seven studies implement the vendor management 
inventory (VMI), which is an inventory management practice in which a 
supplier is responsible for optimising the inventory held by the manu
facturer or retailer. Finally, specific inventory policies are proposed by 
Calmon and Graves (2017), who characterise the optimal policy struc
ture for a problem with stochastic demand, and introduce an algorithm 
to calculate optimal sell-down levels and to provide a closed-form policy 
for the deterministic version of the problem. Finally, Al-Haidous et al. 
(2020) study a maritime transportation problem in which contracts last 
several years, and specify the quantity and time for deliveries. 

Besides inventory polices, inventory modelling has been proposed as 

a specific classification criterion; that is, the inventory variables and/or 
parameters that are used to model the inventory. Fig. 8 presents the 
number of publications per parameter or variable used to model the 
inventory in each article, sorted by frequency. The most recurrent var
iable in the reviewed studies is holding costs. Regarding the use of this 
variable and inventory policy, Nativi and Lee (2012) conclude that 
holding costs lower because of the better reorder points according to a 
continuous review with real-time monitoring. In relation to the envi
ronmental impact, the sensitive analysis of the model by Halat and 
Hafezalkotob (2019) shows that the carbon emissions of green SCs are 
inversely related to the inventory holding cost. Another significant cost 
variable is the replenishment cost, but it has been less frequently stud
ied, and is related to fixed administrative and handling costs of placing 
an order (Guo et al., 2018). Inventory level, order quantity and in
ventory capacity, are the most studied non-cost variables. In the model 
proposed by Nativi and Lee (2012) recycled-material supplier inventory 
on-hand is available for the manufacturer’s inventory position and 
reorder decisions. Alternatively, Al-Haidous et al. (2020) use minimal 
and maximal IL of a storage tank as parameters. Lot sizing is a critical 
issue that directly impacts the economic efficiency of both purchasing 
and production activities. Battini et al. (2014) explore the economic lot 
sizing problem in purchasing materials when environmental concerns 
are considered and propose a new easy-to-use theoretical model to 
calculate a sustainable economic order quantity (S-EOQ). Finally, in
ventory capacity is a decisive factor given the importance of an addi
tional storage area (Mohammadnazari and Ghannadpour, 2020). This 
parameter is often used as a model constraint related to limited storage 
room capacity. 

From the perspective of the sustainability characteristics, the need to 
address the triple bottom line of economic, environmental and social 
considerations throughout SCs, it is necessary to improve the profit
ability, competitiveness and resilience of the organisation in the short 
and long terms (Ahi and Searcy, 2013). Accordingly, Appendix 6 clas
sifies the reviewed articles in terms of the sustainability issue and details 
the sustainability research area developed for inventory management. 
Firstly from the reviewed articles, 20.9% focus only on the economic 
dimension of sustainability, 2.2% on the environmental aspect, followed 
by 61.5% that consider both economic and environmental aspects in an 
integrated manner. Finally, 15.4% of the studies consider the three as
pects of sustainability: economic, environmental, social. It is important 
to point out to readers that although some publications only consider the 
economic factor, the environmental aspect is implicitly presented, and 
reminds us that sustainable inventory models are being studied in green 
SCs, as in Khademi and Eksioglu (2018) and Niknamfar et al. (2018) who 
incorporate environmental regulation costs, Al-Aomar and Alshraideh 
(2019) and Kovács and Illés (2019) who introduce sustainability 
through company policies that include decisions about regular green 
sourcing and the purchasing of materials. Some authors also propose 
changes in the transportation system that has an environmental impact, 
and Dekker et al. (2009) state that the impact of intermodal transport 
per ton per kilometre is lower for intermodal transport than it is for road 
transport, while Wang et al. (2020) conclude that sustainable 
port-centric SCs using large-scale vessels consume less fuel per freight 
unit than small vessels. Additionally, Calmon and Graves (2017), Chen 
and Hsieh (2013), Chen et al. (2015), Deng et al. (2014), Jindal et al. 
(2015), Rezapour et al. (2015) and Tighazoui et al. (2019) implicitly 
incorporate returned, recycled and remanufacturing products into a 
reverse logistics system, including environmental aspects, whereas Chen 
et al. (2019) develop a sustainable inventory model that considers rev
enue growth while preventing waste and reducing energy costs. 
Regarding the articles that focus only on the environmental aspect, 
Ugarte et al. (2016) employ a simulation model to evaluate the total 
amount of emissions according to a given inventory management 
practice measured in carbon dioxide equivalents. Furthermore, Takeda 
Berger et al. (2018) emphasise the use of lean practices for production 
according to customer demand with little or no waste. 
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Table 4 
Shared information of the reviewed articles.  

Reference Undefined BOM IL INC IC LT BOC D 

Pati et al. (2004)   X X    X 
Bostel et al. (2005) X        
Lejeune (2006)   X X X X  X 
Pati et al. (2006)    X X   X 
Dekker et al. (2009)   X     X 
Ross et al. (2010)   X      
Kuo (2011)   X      
Hua et al. (2011)        X 
Zhang et al. (2011)   X  X    
Nativi and Lee (2012)   X     X 
Zhang et al. (2012)        X 
Nikolopoulou and Ierapetritou (2012)         
Bouchery et al. (2012)     X   X 
Ji et al. (2012)    X X    
Kannan et al. (2012)    X     
Palak et al. (2013)     X   X 
Chen and Hsieh (2013)   X     X 
Benjaafar et al. (2013)   X  X  X  
Longo (2014)   X  X X X X 
Arikan et al. (2014)        X 
Zhang et al. (2014)   X X X X   
Battini et al. (2014)    X X   X 
Bozorgi et al. (2014)     X   X 
Deng et al. (2014)     X   X 
Kuo et al. (2014)  X       
Fichtinger et al. (2015) X        
Andriolo et al. (2015)        X 
Bazan et al. (2015)        X 
Chen et al. (2015)        X 
Glock et al. (2015)     X   X 
Jindal et al. (2015)   X X X   X 
Kumar et al. (2015)  X X X    X 
Roozbeh Nia et al. (2015)     X  X X 
Rezapour et al. (2015)     X   X 
Soysal et al. (2015)   X     X 
Ugarte et al. (2016)   X     X 
Yılmaz Balaman and Selim (2016)    X X   X 
Chibeles-Martins et al. (2016)    X    X 
Franco et al. (2016)   X X X    
Galal et al. (2016)        X 
Khan et al. (2016)    X   X X 
Konur et al. (2016)   X  X   X 
Saif et al. (2016)    X X   X 
Tang et al. (2016)        X 
Zhalechian et al. (2016)    X X X  X 
Calmon and Graves (2017)  X X  X   X 
Tsolakis and Srai (2017)   X     X 
Bazan et al. (2017)        X 
Iassinovskaia et al. (2017)        X 
Karimi et al. (2017)    X  X  X 
Konur et al. (2017)        X 
Moslemi et al. (2017)        X 
Rahimi et al. (2017)   X X    X 
Takeda Berger et al. (2018)   X      
Ivanov (2018)        X 
Amer et al. (2018)        X 
Khademi and Eksioglu (2018)   X      
Sun et al. (2018)   X     X 
Yang et al. (2018)   X     X 
Guo et al. (2018)        X 
Galanopoulos et al. (2018)        X 
Asadi et al. (2018)   X  X   X 
Niknamfar et al. (2018)   X      
Kang et al. (2018)        X 
Lee et al. (2018)        X 
Rau et al. (2018)        X 
Stenius et al. (2018)   X     X 
Galanopoulos et al. (2018)        X 
Halat and Hafezalkotob (2019)        X 
Wang et al. (2019)         
Tighazoui et al. (2019)        X 
Paam et al. (2019)        X 
Chen et al. (2019)        X 
Al-Aomar et al. (2019)        X 

(continued on next page) 
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In frequency terms, the main sustainability aspects addressed in the 
publications correspond to both economic and environmental aspects. 
For the economic aspect, the commonest criterion is minimisation of 
costs, while it is more complex for the environmental aspect. Accord
ingly, Reike et al. (2018) propose value retention options in CE by 
spreading the well-known 3R (reduce, reuse, recycle) policy to 10R 
contents (refuse, reduce, reuse, repair, refurbish, remanufacture, 
repurpose, recycle, recover, re-mine). Here the 3R policy was extended 
to a 6R policy, which includes remanufacturing, renewal and repair 
criteria. Firstly, as regards recycling policies, Pati et al. (2004) propose a 
method to address the environmental waste treatment problem by a 
systematic management strategy. Furthermore, Ji et al. (2012), Moslemi 
et al. (2017), Nativi and Lee (2012) and Pati et al. (2006) aim to increase 
the recycled product return. Secondly, the reuse of products is studied by 
Ross et al. (2010) and Yang et al. (2018), who agree that repositioning 
reusable containers is relevant for reducing management costs and 
environmental impacts throughout products’ life cycles. The reduce 
policy from a production perspective has been studied, focusing mainly 
on reducing greenhouse gas (GHG) emissions. Moreover, Zhang et al. 
(2014, 2011) aim to reduce waste generation and fuel use. Specifically, 
Paam et al. (2019), Soysal et al. (2015) and Sun et al. (2018) focus on 
reducing food waste and social implications. Furthermore, in the 
extended 6R policy, remanufacturing is studied by Kuo (2011), Longo 
(2014) and Guo et al. (2018), who also incorporate reused products and 
propose integrating reverse logistics into a CLSC. Following the pro
posed criteria, renewal is associated with optimising renewable energy 
SCs and reducing GHG emissions (Yılmaz Balaman and Selim, 2016; 
Zhang et al., 2012). 

Finally, the consideration of all three sustainability aspects is the 
second less frequent topic in this review, as shown in Fig. 9. As explained 

above, the most frequent economic aspect is cost minimisation, while 
the main common environmental aspect is waste minimisation and 
reducing GHG emissions. The approach followed for the social impact is 
more varied; for instance, Halat and Hafezalkotob (2019) consider total 
costs of the GSC, carbon emissions and social welfare. In order to 
consider the environmental and social dimensions jointly in inventory 
and delivery operations, Battini et al. (2014) and Khan et al. (2016) 
apply the “external costs” concept, while Tsolakis and Srai (2017) pro
pose pharmaceutical industries to promote providing patients with 
equitable access to essential medicines. Moreover, Ganev et al. (2020), 
Ivanov (2018) and Zhalechian et al. (2016) agree about the convenience 
of using the social approach as an estimate of a work system’s social 
impact, specifically by employing the exact coefficients that account for 
indirect jobs in the local economy. Amer et al. (2018) include the 
following indicators: service level, percentage of wasted food and 
average product’s remaining shelf life. Galanopoulos et al. (2018) 
conclude that in order to make an SC sustainable, only 30% of all wheat 
straw produced in each district can be used for the biorefinery, while the 
rest is utilised as natural fertiliser and animal feed. Moreover, Ching 
et al. (2019) focus their studies on perishable product management 
because those products necessary to sustain human life, such as food and 
healthcare, are of prevailing importance. Specifically, Wang et al. 
(2019) state that food waste is becoming a global issue and it strongly 
impacts the three pillars of sustainability. Furthermore, Mohammad
nazari and Ghannadpour (2020) propose that road safety/conditions are 
second in importance, after economic and environmental issues, unlike 
Bouchery et al. (2012) who incorporate the injury rate as a social cri
terion with the same relevance as economic and environmental criteria. 

Another dimension of the review examines the characteristics of the 
quantitative models used to model SIM in SCs and their classification. 

Table 4 (continued ) 

Reference Undefined BOM IL INC IC LT BOC D 

Castellano et al. (2019)        X 
Darvish et al. (2019)   X     X 
Kovacs et al. (2019)  X X      
Li et al. (2019)   X     X 
Ajay et al. (2020a) X        
Ajay et al. (2020b) X        
Ajay et al. (2020c) X        
Al-Haidous et al. (2020) X        
Mohammadnazari and Ghannadpour (2020)        X 
Ganev et al. (2020)        X 
Žic and Žic (2020)      X  X 
Wang et al. (2020)        X 
Ali et al. (2020)        X 
Govindan et al. (2020)        X 
Jemai et al. (2020)        X 
Wu et al. (2021)   X X X X X X 
Solina et al. (2021)        X  

Fig. 8. Number of publications per parameter or variable.  Fig. 9. Number of publications per sustainability aspect.  
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Inventory management problems are NP-hard because it is a natural 
extension of the inventory routing problems (IRP) classified as NP-hard 
(Baller et al., 2020). Four general types of model approaches are iden
tified in the literature: analytical model, simulation, conceptual, artifi
cial intelligence. Two subclassifications for analytical models are 
presented: mathematical programming (MP) models and statistical 
analysis models. Statistical analyses have been dealt with less 
frequently, and only two publications employ this modelling approach: 
one as a multivariable set correlation model to provide an understanding 
of and to gain insights into the changes of inventory policies by Ross 
et al. (2010) and the other studies the derivation of probability mass 
functions to determine the number of units on each shipment (Stenius 
et al., 2018). MP models are the main widely used approach in the 
reviewed publications (78%). As shown in Table 5, most MP-based 
problems are mixed-integer linear programming (MILP). MILP optimi
sation models include modelling the environmental impact and eco
nomic performance (Ganev et al., 2020). For example, in single 
objective problems, Ivanov (2018) proposes an optimisation model to 
identify what combination of options is the most efficient approach for 
supply the facility, for the optimal location of bioethanol production 
plants, and also for the efficient available land use. Moreover, Moham
madnazari and Ghannadpour (2020) develop a MILP model to deter
mine the economic quantities of the material supplied by specific 
suppliers in the construction industry. To quantify the impact of new 
inventory and storage policies, Paam et al. (2019) apply an MP model to 
the Australian apple industry, and Halat and Hafezalkotob (2019) 
develop eight scenarios in a bi-level MP model by considering the 
structure of the green SC and government regulations. An extension of 
MILP is the inclusion of multi-objectives. The model by Palak et al. 
(2013) captures trade-offs between transportation costs and products’ 
remaining shelf life, transportation and inventory costs on the one hand, 
and total costs and CO2 emissions on the other. The model by Yılmaz 
Balaman and Selim (2016) is developed as a multi-objective MILP 
(MO-MILP) and is solved with fuzzy goal programming (FGP) that in
corporates seasonality into biomass sources and fluctuations in both 

revenue and cost parameters caused by unstable economic conditions. 
Moreover, Jindal et al. (2015) present a network design and the opti
misation of a multiproduct, multi-time, multi-echelon capacitated CLSC 
in an uncertain environment in a fuzzy MILP (F-MILP) model. Here the 
presented models all minimise both the total cost and environmental 
impact by treating them as competing objective functions. Two models 
are presented by Al-Aomar and Alshraideh (2019) where the first pro
vides a deterministic single-order model with a linear programming (LP) 
model, and this is extended to a multiperiod comprehensive material 
planning model with a MILP model. The remaining less frequently 
treated MP models are (Table 5): mixed-integer non-linear programming 
(MINLP), multi-objective mixed-integer non-linear programming 
(MO-MINLP), LP, integer programming (IP), stochastic programming 
(SP), stochastic dynamic programming (SDP), fuzzy multi-objective 
linear programming (FMOLP), non-linear programming (NLP), sto
chastic mixed integer quadratic programming (SMIQP), fuzzy linear 
programming (FLP), fuzzy multi-objective linear programming 
(FMOLP) constraint programming (CP) and piecewise interval pro
gramming (PIP). 

Additionally, two special analytical models in inventory manage
ment were studied: EOQ and the joint replenishment problem (JRP). 
Specifically, the EOQ model is defined as a general solution to an overall 
problem, such as finding the most economical quantity to manufacture 
an order (Harris, 1990). Thus, two studies develop and propose sus
tainable EOQ (S-EOQ/SOQ) by considering that minimising the cost 
may not be the only company objective, and environmental and social 
objectives are included in models (Battini et al., 2014; Bouchery et al., 
2012). Additionally, a group of studies incorporate minimisation of 
emissions (Andriolo et al., 2015; Bazan et al., 2017; Bozorgi et al., 2014; 
Khan et al., 2016) and minimisation of emissions and waste (Bazan et al., 
2015) in EOQ models. Lastly, Hua et al. (2011) consider the 
single-product replenishment problem with carbon trading based on the 
EOQ model. JRP it is a multiproduct problem that involves deciding 
about the optimal quantities for products ordered from the same sup
plier or when the output of a batch production goes to different 

Table 5 
MP models distributed per problem type along with references.   

Problem type 

MP model INP IRP LIRP LOP LIP 

LP Al-Aomar et al. (2019) Pati et al. (2004), Pati et al. (2006)    
MILP Khademi and Eksioglu (2018), Halat and 

Hafezalkotob (2019), Paam et al. 
(2019), Ali et al. (2020), Kumar et al. 
(2015), Al-Aomar et al. (2019) 

Galanopoulos et al. (2018), Mohammadnazari and 
Ghannadpour (2020), Solina et al. (2021), Lejeune 
(2006), Kannan et al. (2012), Benjaafar et al. 
(2013), Franco et al. (2016), Iassinovskaia et al. 
(2017), Castellano et al. (2019), Darvish et al. 
(2019), Li et al. (2019) 

Sun et al. (2018), Ganev et al. 
(2020), Rezapour et al. 
(2015), Saif et al. (2016),  
Moslemi et al. (2017) 

Ivanov 
(2018)  

MO-MILP Palak et al. (2013) Al-Haidous et al. (2020), Kovacs et al. (2019) Yılmaz Balaman and Selim 
(2016), Zhalechian et. (2016), 
Govindan et al. (2020), Jemai 
et al. (2020)  

Chibeles-Martins 
et al. (2016) 

F-MILP     Jindal et al. (2015) 
MINLP Roozbeh Nia et al. (2015), Karimi et al. 

(2017) 
Glock et al. (2015), Konur et al. (2017), Lee et al. 
(2018) 

Wu et al. (2021)  Guo et al. (2018) 

MO- 
MINLP  

Rau et al. (2018) Deng et al. (2014), Tang et al. 
(2016), Asadi et al. (2018)   

NLP Niknamfar et al. (2018)     
IP Chen et al. (2019) Wang et al. (2020), Ji et al. (2012), Kuo et al. 

(2014)    
SDP Chen and Hsieh (2013), Khademi and 

Eksioglu (2018), Yang et al. (2018)     
FGP   Yılmaz Balaman and Selim 

(2016)   
SP Calmon and Graves (2017)     
SMIQP     Chen et al. (2015) 
FMOMILP  Rahimi et al. (2017)    
FLP Kang et al. (2018)     
FMOLP Ali et al. (2020)     
PIP Zhang et al. (2011)     
CP  Zhang et al. (2014), Soysal et al. (2015)     
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packages. Classic JRP assumptions are similar to EOQ, and include 
deterministic and uniform demand, do not allow shortages, have no 
quantity discounts and the holding cost is linear (Khouja and Goyal, 
2008). One article integrates sustainability into a coordinated 
multi-item inventory control model by formulating a bi-objective joint 
replenishment problem referred to as sustainable JRP (SJRP) (Konur and 
Schaefer, 2016). 

The second most frequent quantitative models found in the reviewed 
publications correspond to simulation models. Discrete event simulation 
(DES) models are the most frequent approach in this field (87.5%), as are 
system dynamic (SD) models to a lesser extent. However, no agent-based 
models were identified in the reviewed articles. Appendix 3 presents the 
main results obtained from the simulation models. The conceptual 
modelling approach consists of a general network representation of the 
distribution process together with assumptions and is used in 71.4% of 
the reviewed articles. Finally in relation to artificial intelligence models, 
Nativi and Lee (2012) develop a multilinear regression model based on a 
machine-learning algorithm used to predict a dependent variable with 
two predictors or more, while Iassinovskaia et al. (2017) use a clustering 
heuristic before executing the branch-and-cut algorithm to reduce the 
time needed by the branch-and-cut algorithm by assigning a set of 
customers to each vehicle. 

Additionally, this article proposes a classification of several solution 
approach types, such as commercial software, authors’ software, open- 
source software, relaxation heuristics, metaheuristics, and problem- 
specific heuristics. Exact methods are considered to be those 
embedded in default solvers, such as the typical branch and bound al
gorithm, solved using both commercial software and open-source soft
ware and, similarly, modelling simulation models can be performed 
with these two software types. Fig. 10 shows the distribution of publi
cations per employed solution approach and software too. 

Commercial software is the most widely used solution approach 

(45%), and publications are distributed in simulation software (11 
publications) and optimisation software (27 publications). For simula
tion models, SC models are designed and implemented more often with 
Arena Simulation, Anylogic and ExtendSim. Arena Simulation can 
integrate system characteristics by utilising the SIMAN simulation lan
guage (Ugarte et al., 2016). In relation to optimisation models, the most 
widespread ones are GAMS and ILOG CPLEX for solving single-objective 
or multi-objective MILP models. On open-source software, Lindo 32 is 
used by Pati et al. (2004, 2006) to model their cost optimisation model 
for a multivariety recycled waste reverse logistics system. Moreover in 
three publications, the authors develop their own software; e.g., Longo 
(2014) present an advanced simulation framework called inventory 
management with a product returns simulator (IMPRES), Žic and Žic 
(2020) develop a software programmed in Python to generate market 
demand and Kovács and Illés (2019) develop a software in the Java 
language to optimise sustainable green SCs based on their proposed 
method. 

The remaining solution approaches refer to the use of heuristic and 
metaheuristic algorithms to solve more complex systems, problems for 
which no exact solution method, and not even an exact formulation, are 
known, and can be computationally intensive, or to calculate the bounds 
in the optimal solution in branch and bound solution processes (Eiselt, 
2000). In the reviewed articles, a heuristic algorithm is used by Battini 
et al. (2014) to adopt the easy-to-use algorithm to compare total cost 
functions for each discontinuity point quantity and local optimal order 
quantity. Khademi and Eksioglu (2018) propose two classes of heuristics 
based on a rolling horizon two-stage stochastic programming formula
tion of the problem and a standard base-stock ordering policy. Calmon 
and Graves (2017) develop a gradient search algorithm to find the 
optimal sell-down levels. Yang et al. (2018) propose extending the 
analysis of value of information to a myopic policy of full, partial and no 
recovery information. The remaining algorithms correspond to: 

Fig. 10. Conceptual framework for future SIM research.  
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modified projection algorithm (Rezapour et al., 2015); non-inferior set 
estimation (NISE) algorithm and column generation (Franco et al., 
2016); interior-point method (Niknamfar et al., 2018); search heuristic 
(Kovács and Illés, 2019; Stenius et al., 2018) and problem-specific 
heuristics. For meta-heuristics algorithms, one approach is to charac
terise the search strategy type, trajectory-based algorithms like the 
simulated annealing (SA) heuristic used by Ajay et al. (2020a) based on 
the theory of thermodynamics of liquids, which solidify to give a crys
talline while cooling. Another and more extent approaches is 
population-based metaheuristics. Evolutionary algorithms are meta
heuristic search methods used generally to solve difficult optimisation 
problems based on population genetics, where Tighazoui et al. (2019) 
develop an optimisation method based on an evolutionary algorithm 
that provides optimal values of the vector that maximises the profit 
function. A genetic algorithm (GA) is a global search and optimisation 
technique motivated by the natural selection process in a biological 
system. Here Chen et al. (2019), Deng et al. (2014), Konur and Schaefer 
(2016) and Wu et al. (2021) propose this procedure to increase the 
feasibility of models in solving real-world problems. Here two hybrid 
algorithms are studied: GA with other algorithms; for example, GA and a 
gradient descendent algorithm (Wu et al., 2021) and GA and an impe
rialist competitive algorithm (ICA) (Roozbeh Nia et al., 2015). A genetic 
simulated annealing algorithm (GASA) is developed by Li et al. (2019). 
Similarly to GA, in differential evolutionary (DE) algorithms, a 
randomly generated population is created by using the randomly 
sampled difference in object vector pairs to control the mutation pro
cess, which makes it relatively new compared to other algorithms (Ajay 
et al., 2020c). Although DE has an excellent global search ability, its 
performance is not always guaranteed because of its prematurity and 
weak local search ability. Therefore, two self-adaptive algorithms are 
studied: firstly, Guo et al. (2018) design an improved self-adaptive DE 
algorithm to obtain a more robust and effective approach. Then Zha
lechian et al. (2016) present a self-adaptive GA to solve an MINLP 
problem with large-sized instances. Moreover, Ajay et al. (2020b) design 
particle swarm optimisation (PSO) to determine the specific product on 
which to concentrate and the amount of product stocks that must be 
maintained by different members. This algorithm is based on the social 
behaviour of birds. Particular cases of PSO are the binary PSO (BPSO) 
algorithm used by Al-Haidous et al. (2020) to perform a heuristic search 
in the high-dimensional binary solution space for feasible solutions, a 
hybrid multi-objective PSO and non-dominated sorting genetic algo
rithm (NSGA II) is developed by Asadi et al. (2018) and Tang et al. 
(2016) and a dynamic programming-based PSO with multiple social 
learning structures (DP-based GLNPSO) is proposed by Kang et al. 
(2018). The remaining metaheuristic algorithms are as follows: NSGA II 
(Moslemi et al., 2017; Rahimi et al., 2017); chaos-based interactive 
artificial bee colony (CI-ABC) (Kumar et al., 2015) and a variable 
neighbourhood decomposition search (Lejeune, 2006). More details on 
the approaches and solution tools used are provided in Appendix 5. 

4. Discussion 

Sustainability that focuses on inventory management in an SC 
context is a novel concept (Tiwari et al., 2018), and even more so if it is 
considered integrally in conjunction with location, transportation or 
routing problems. In this sense, it is important to highlight that in
ventory management models pursue mainly cost minimisation and level 
service maximisation whereas SIM models are incorporating to this 
trade-off environmental and social issues. The authors are referred to 
Table 5 for MP models in the respect. 

Although there are limited published articles on SIM with which to 
analyse the current gaps in the literature, there is a wealth of practical 
research opportunities in this area. Based on this review, the following 
trends and future research directions in this field are identified to pro
vide practitioners and interested researchers with a roadmap. 

Regarding sustainability and CE as a purpose, very few of the 

reviewed articles consider the three sustainability pillars in their study 
objectives or purposes (see Appendix 6). The economic factor is the 
predominant considered aspect, although many studies integrate eco
nomic and environmental aspects into their models. Social impacts as 
the purpose of models are the least studied, and only Zhalechian et al. 
(2016) aim to maximise the positive social impacts of designing an SC 
network. Although sustainability aspects are incorporated into models, 
they tend to be modelled as constraints rather than as an objective, or 
through indicators employed to measure impacts rather than optimising 
them. Therefore, it is important for future research to incorporate social 
objectives into models; for example, aspects related to health and safety, 
the impact on the levels and quality of employment of a given local 
community, the incorporation of local suppliers to positively impact 
local economy, among others. There is no contradiction among the 
different sustainability pillars to generate a solution that satisfies eco
nomic, environmental and social aspects (Amer et al., 2018). 

Despite being a relatively new concept, the CE paradigm is implicitly 
incorporated into models without actually referring to it. Nevertheless, 
Govindan et al. (2020) develop an MP model for circular supplier 
evaluation, selection and order allocation. Thus by incorporating 
circularity directly into models is a future research challenge. Here it is 
important to note that the reviewed studies of quantitative SIM models 
based on CLSC or reverse logistics are oriented mostly to SC design or 
configuration, and do not consider SC coordination aspects like the 
assessment of environmental efficiency (see Appendix 1), which could 
be a novel research future direction. 

As for using more complex, integrated and realistic models, the 
complexity of the model can be defined according to the number of 
variables and elements that compose it, as well as by SC structure. 
Models that incorporate location, inventory and routing issues (Table 5) 
increase the number of variables and parameters (Fig. 8), which makes 
them more complex. It also makes them more realistic for decision 
making and more focused on achieving SC sustainability. It is necessary 
to incorporate all decision making levels, which is already complex. 
Most of the reviewed articles do not specify the decision level, and one 
way of classifying it is according to its impact over time. Tactical de
cisions are the most commonly found, and strategic ones the least 
(Table 3). A future research challenge is to incorporate all three decision 
levels. 

Most studies define an application context for the presented models 
and even develop numerical experiments to validate these models 
(Fig. 4). However, 40% of these studies do not apply their proposal in an 
industrial context. The most widely studied industries are consumer 
goods, electrical and electronic appliances, and fuels (Appendix 2). 
There is a research gap about SIM for extractive industries, such as 
agricultural, mining and energy. 

With regards inventory policies (see Appendix 4), more than half the 
articles (51.6%) do not define an inventory policy when modelling the 
proposed problem. This is an opportunity for future research to test 
models with different policies and to observe the impact they have on 
objectives. The VMI strategy is poorly studied in the reviewed literature. 
Here it is assumed that the vendor pays the ordering and holding costs 
on behalf of the buyer as part of the mentioned agreement, and the buyer 
pays no cost (Roozbeh Nia et al., 2015). The SC is coordinated by a 
contract that enables the decision maker to access information about not 
only the IL of products for the supplier and retailers, but also final 
customer requests (Rahimi et al., 2017). 

According to SC structures for sustainability (Fig. 5), the divergent 
SC structure is the commonest and seeks to optimise distribution from 
one point, which may be a supplier or manufacturer, to a set of dis
tributors, retailers or consumers. As for information sharing (Table 4), 
demand is the most shared parameter throughout the SC as it allows 
better coordination and production planning at each network node. 
There is a research gap about information sharing related to LTs, product 
structure, and backorders and their costs. Incorporating this piece of 
information in a shared way would increase network efficiency (Huang 
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et al., 2003). For example, knowing the product structure in the man
agement of product recovery in reverse logistics would improve the 
collection, disassembly and distribution of recovered products (Daniel 
et al., 2003). It is important to highlight how the CE paradigm is 
implicitly incorporated through SC structures; for instance, through 
reverse logistics SCs or CLSCs. 

Based on lot-sizing problems, EOQ models are widely studied in 
relation to inventory management and to incorporate sustainability into 
these models. Likewise, JRP is developed whose objectives include the 
environmental factor with a view to minimise GHG emissions (Table 5). 
These MP models allow us to define the quantities to be ordered and the 
reorder point towards achieving efficient inventory management. A 
future research opportunity is to complement these models with MP 
models to integrate location and routing problems. This leads to more 
complexity, LIR problems are considered NP-hard problems and solving 
them by exact methods is complex (Baller et al., 2020). For this reason, 
heuristic and metaheuristic algorithms are proposed as solution ap
proaches in the short term and quantic simulation and quantic algo
rithms for the mid term and the long term, respectively. 

In a general way, future research directions are oriented to develop 
new mathematical programming and artificial intelligence models by 
integrating decisions about facility location, inventory management and 
distribution routes to optimise the entire supply chain considering the 
sustainable triple bottom line. Based on the main findings and discov
eries of this literature review, a conceptual framework for future 
research into the development of SIM models in a GSCM context is 
proposed (Fig. 10). This conceptual framework provides answers to the 
research questions herein posed, specifically in terms of sustainability 
research areas (RQ1), the main findings (RQ2) and SIM quantitative 
models (RQ3) by also considering the classification criteria of the 
reviewed articles, identifying research gaps and proposing further 
research lines relating to the addressed research questions. 

5. Conclusions 

This literature review has analysed and defined the state of the art of 
knowledge about SIM in an SC context with a GSCM perspective. A 
systematic literature review of 91 studies was performed to identify, 
select, classify and analyse the most relevant studies and research works 
about quantitative models for sustainable SCs. It has revealed the sus
tainability research areas (RQ1) (Appendix 6), the main findings (RQ2), 
and existing research gaps (RQ3) in relation to the quantitative models 
used in SIM on SCM. 

The main findings and discoveries of this literature review as to the 
defined criteria can be summarised as follows: (i) cost minimisation is 
the main purpose of the studied models; (ii) the incorporation of GHG 
emissions minimisation has increased in more recent research; (iii) CLSC 
are SC design structures that have become relevant in the search for 
network sustainability; (iv) most of the decisions taken in the studies 
correspond to tactical decisions; (v) the most commonly shared infor
mation is demand; (vi) holding costs and quantity to order are the most 
widely used parameters or variables; (vii) the incorporation of sustain
ability, economic and environmental objectives, is widely studied; (viii) 
MP models are the most widespread modelling approaches, especially 
MILP, and predominant solution methods are heuristic and meta
heuristic algorithms. 

The main identified research gaps are related to: (i) the social aspect 
is still scarcely addressed in the reviewed articles; (ii) SIM models 
integrating the three sustainability aspects (economical, environmental, 
social) are scarce; (iii) study the efficiency of the network in relation to 
remanufacturing, recycling or reassembly processes; (iv) many studies 
do not validate their models in an industrial context; (v) strategical and 
operational SIM decisions are hardly considered; (vi) the majority of 
studies do not incorporate an inventory policy when modelling their 
problems; (vii) safety stock and backorder parameters are less consid
ered in SIM models; and, finally, (viii) in order to develop a sustainable 

SC, it is necessary that decisions about facility location, inventory 
management and distribution routes are made in an integrated manner 
to optimise the entire system. 

Managerial implications of this research are oriented to provide re
searchers and practitioners an inventory management with a starting 
point and a roadmap about quantitative green SC methods for SIM. In 
this sense, researchers and practitioners could identify and check from 
an aggregated source reference SIM works according to the following 
aspects of interest: purpose, context application, SC structure, level de
cision, shared information, inventory policies, inventory model vari
ables, sustainability, CE, green approaches, modelling approaches, 
solution approaches and software tools. Furthermore, the incorporation 
of quantitative SIM models, particularly MP models, into SC designs 
would lead to optimising environmental sustainability at each network 
node, and is applicable to different industries like extractive and com
modity industries where even environmental sustainability studies are 
underresearched. Thus it is important for managers to identify the re
lations and impacts that these elements have on one another. For 
example, the efficiency of reverse logistics processes depends on de
mand levels, with reverse logistics being highly profitable for systems 
with high demand (Ullah et al., 2021). Besides, variable safety factors 
largely control the holding costs based on fluctuating market demands 
(Dey et al., 2021). 

It should be mentioned that this research has some limitations. For 
example, only the scientific databases Scopus and WoS have been con
sulted, which, moreover, are constantly updated and the articles found 
correspond to those obtained at the time the research was carried out. 
Furthermore, despite having followed a systematic search process, it is 
possible that some articles may have been overlooked for this review. 

Finally, further research lines are identified throughout this study to: 
(i) define conceptually the process and content of a SIM in a green SC; 
(ii) increase the development of SIM quantitative models oriented to
wards improving environmental sustainability in a real world green SC; 
(iii) incorporate the social aspect as an objective rather than a constraint 
into optimisation models; (iv) consider circularity directly in models; (v) 
generate models that consider all three decision levels, i.e. strategical, 
tactical, operational; (vi) develop models for extractive and commodity 
industries; (vii) evaluate models with different inventory policies; (viii) 
consider sharing information on LTs, product structure and backorders 
and their cost, lot-sizing models integrated with location, inventory and 
routing problems; (ix) develop broader artificial intelligence models to 
solve the increasing complexity of problems, specifically machine- 
learning models to provide insights; and (x) incorporate uncertainty 
through stochastic models into parameters related to sustainability, such 
as demand for remanufactured products, the recycling rate, among 
others. Along these lines, a forthcoming work is aimed at proposing a 
conceptual reference framework that will lead researchers and practi
tioners to accurately define and categorise the SIM problem under study 
and, furthermore, to map, build and validate such a conceptual frame
work as a basis for the subsequent development and implementation of 
quantitative models based on MP and artificial intelligence to incorpo
rate the main findings and fill the research gaps identified in this study of 
SIM models in the context of green SC. 
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