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ABSTRACT

Amidst the sustainability concerns of the industrial sector to fulfil the increase in customer demands, this study 
emphasizes on the characteristics of integrated inventory supply chains that is closely related to energy 
efficiency. Environmental and economic perspectives must be given equal consideration to ensure a competitive supply 
chain (SC). In response to global calls for sustainable energy and lower carbon emissions, the Malaysian 
government currently provides tax exemptions and allowances for the provision of green technology services and 
the acquisition of green technology assets. Furthermore, as sources of electricity are highly variable, efficient SC 
activities can feasibly minimise the cost of energy. Therefore, multiple studies have integrated the green concepts in 
SCs to develop energy efficient integrated inventory SC models. This present review examined 42 articles that 
assessed the environmental impact of integrated inventory SC models with a focus on energy efficiency and 
energy-related issues. A systematic literature review (SLR) was conducted to identify gaps in the existing literature 
and offer directions for future studies. The articles were categorised according to the SC dimensions of an integrated 
inventory model; such as categories of SC participants, structures, processes, and decision-making variables. Of the 
reviewed articles, only 35% examined energy efficiency or energy-related issues in integrated inventory models. 
Therefore, future studies should examine the energy efficiency or energy-related issues that integrated inventory SCs 
face.
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INTRODUCTION

Increased energy usage and demand is currently a major 
global concern. The manufacturing sector faces tremendous 
environmental and economic concerns (Mokhtari & 
Hasani, 2017). It is estimated that approximately 20% of 
the total manufacturing cost is spent on energy and 
emissions (Marchi et al. 2019a). Therefore, the industry 
needs to strengthen its competitive position in the global 
market by ensuring that all supply chain (SC) members 
work together, towards the same goal, as well as use the 
same SC network and integrated SC management models 

to meet customer demands (Glock 2012a). Energy 
management can be used to reduce the amount of energy 
that the manufacturing industry uses (May et al. 2013). As 
such, the industry should seriously consider increasing 
energy efficiency using integrated inventory models. 

This study discusses the evolution of the integrated 
inventory model to the extended integrated inventory 
model; which focuses on environmental impacts and 
carbon dioxide (CO2) emissions. Inventory management 
is a key component of product supply chain coordination 
as it is a material flow system that connects supply chain 
partners (Bushuev et al. 2015). SC participants use 
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inventory integration models; that integrate and coordinate 
material, information, and cost; to manage and replenish 
inventory between suppliers-manufacturers and suppliers-
customers. The model also uses management decisions to 
streamline various SC processes; such as purchasing, 
production, inventory, and transportation; to boost SC 
performance (Glock 2012b; Bahinipati et al. 2013; Glock 
et al. 2014). 

According to Glock (2012a), the integrated inventory 
model was developed using two inventory models; 
economic order quantity or economic production quantity 
and lot sizing. Basic integrated inventory models can 
consist of only two stages or multiple stages. A two-stage 
model consists of two echelons with one or more 
participants at every stage while a multi-stage model 
consists of additional echelons; such as material suppliers 
or third party-logistics. These models were then extended 
to take into consideration stochastic demand, stochastic 
lead time, order or setup cost-lead time reduction, and 
product quality to name a few (Glock 2012a).

 Most basic integrated inventory models only consider 
costs; such as set-up inventory, ordering, and logistics; 
during model development. Therefore, they do not take 
environmental impacts into consideration. This was evident 
in the single supplier-single customer model (Roy et al. 
2012) and single supplier- multiple customer model 
(Hoque, 2011) that extant articles have developed. 
However, other articles have extended these models to take 
additional costs; such as delivery time, degradation, and 
product quality; into consideration (Moon et al. 2011; Lee 
& Fu 2013). Other SC dimensions; such as participants, 
structures, and processes; must be taken into consideration 
when developing models (Glock 2012a). Therefore, this 
present review identified SC dimensions to determine the 
extent to which integrated inventory models take 
environmental impacts into consideration during inventory 
decision-making.

At present, only a handful of articles have developed 
integrated inventory models that assess environmental 
impacts; specifically, the effect of inventory decisions on 
CO2 emissions; while trying to overcome coordination 
problems (Li et al. 2017; Tiwari et al. 2018; Castellano et 
al. 2019; Marchi et al. 2019). Most of the articles only 
identified order quantity, production quantity, delivery 
frequency, and delivery quantity as the causes of 
coordination issues (Bouchery et al. 2012; Bouchery et al. 
2017; Glock et al. 2012b; Jaber et al. 2013; Ghosh et al. 
2016; Jiang et al. 2016; Toptal & Cetinkaya, 2017; Tiwari 
et al. 2018; Zissis et al. 2018; Tiwari et al. 2018; Castellano 
et al. 2019; Huang et al. 2020; Jauhari & Wangsa, 2022). 
However, the model that each of these articles developed 
used different sets of decision-making variables according 

to the perspective of the researcher as well as the case study 
in question. Apart from managing CO2 emissions, there is 
also a need to develop energy-saving measures. Multiple 
articles have identified problems with the inventory 
decisions that SC participants make to streamline processes 
in order to enhance economic performance while reducing 
environmental impacts, energy consumption, and CO2 
emissions (Chan et al. 2013; Bazan et al. 2015a; Bazan et 
al. 2015b; Hariga et al. 2017; Paul et al. 2014; Bazan et al. 
2017; Dwicahyani et al. 2017; Darma 2017; Li et al. 2017; 
Marchi et al. 2019; Hasanov et al. 2019; Wangsa et al. 
2020; Gautam et al. 2021; Jauhari et al. 2022; Singh & 
Mishra 2022).

As various operations require energy for execution, 
therefore, the energy required to execute an entire 
production should be taken into consideration when 
discussing production systems. Energy consumption must 
be taken into consideration and minimised to meet 
sustainability objectives (Gautam, 2021). The production 
processes of energy-intensive industries require massive 
amounts of electrical energy (Marchi et al. 2019). As the 
costs of energy and emissions are expected to rise, these 
factors are far too pertinent to be ignored. Bazan et al. 
(2015) and Marchi et al. (2019) have extensively studied 
the energy consumption process of integrated inventory 
models and concluded that energy cost affects inventory 
holding cost. Examples of energy costs include material 
handling, or the energy used to maintain the temperature 
of a warehouse where inventory is stored (Paul et al. 2014). 
Additionally, as seen in Figure 1, energy efficiency can be 
generally considered throughout the supply chain. 
However, energy efficiency is typically measured in areas 
like production and logistics, which substantially contribute 
to energy consumption.

This present review examined existing literature that 
assessed the environmental impacts of energy efficiency 
in an integrated inventory SC. The purpose of this present 
review was to identify articles that could provide insights 
on integrated inventory SC models as well as identify gaps 
in existing energy-related studies. Extant studies have 
extensively examined integrated inventory problems in SC 
models (Glock 2012a; Bushuev et al. 2015). However, very 
few studies have holistically reviewed integrated inventory 
models that assess energy. Therefore, the purpose of this 
present review was to classify and contextualise the SC 
dimensions of existing studies on integrated inventory 
models that assess environmental impacts and energy 
efficiency. The evolution of issues in integrated inventory 
SC in terms of assessing environmental impacts were also 
examined. The overall structure of the present review takes 
the form of four main sections, including an introduction, 
methodology, results and discussion and conclusion.
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FIGURE 1. Integrated supply chain with energy efficiency consideration

METHODOLOGY

A systematic literature review (SLR) was conducted 
according to the methodologies outlined by Fink (2014), 
Pattnaik et al. (2021), and Govindan et al. (2022). 
According to Govindan et al. (2022), an SLR is a type of 
literature review that identifies essential information and 
provides manageable results for additional investigation 
and final conclusions regarding the purpose of the study. 
It also attempts to reduce bias by documenting the review 
techniques, decisions, and conclusions based on an 
extensive search of both published and unpublished studies. 
The SLR of this present review was conducted in four 
major steps as shown in Figure 2: 1) selecting the research 
questions, database, and comprehensive search parameters, 
2) outlining the screening criteria, 3) qualitatively 
evaluating the relevant literature, and 4) forming a 
descriptive synthesis.

The SLR method was used to investigate integrated 
inventory models and their environmental impacts. The 
primary purpose of the SLRs was to identify research gaps 
in the selected articles. Therefore, the research questions 
were developed to achieve the purpose of the SLR. The 
research questions focused on the problems affecting 
integrated inventory models that take environmental 
impacts into considerations and the characteristics of the 
model. These questions included integrated decision-
making problems, SC dimensions, and environmental 
impacts. Advanced searches were conducted on databases; 
such as Elsevier, Wiley, Emerald, Google Scholar, and 
Taylor & Francis; while the search terms included 
integrated supply chain inventory, supply chain 
management, environmental, energy, and carbon emission.

FIGURE 2. Literature selection procedure

Screening criteria were then used to identify the most 
relevant articles before they were filtered according to type 
and year of publication. Only technical and empirical 
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publications, articles, and research books were included in 
this present review. The quality of the shortlisted articles 
was then examined by skimming the title, abstract, 
introduction, and conclusion. A descriptive synthesis, 
which is the results of the main findings and research gaps, 
was then descriptively presented. As seen in Figure 3, a 

total of 42 articles that assessed the environmental impact 
of integrated inventory models were published between 
2011 to 2022. The descriptive analysis of these shortlisted 
articles was then used to identify gaps in the dimensions 
of models that assess energy performance. 

FIGURE 3. Quantity of articles on integrated inventory models

RESULTS AND DISCUSSION

SC DIMENSIONS OF INTEGRATED INVENTORY 
MODELS WITH ENVIRONMENTAL IMPACTS

The results of analysing the supply chain (SC) 
dimensions of integrated inventory models that assess 
environmental impacts are discussed in this section. The 
SC dimensions include SC participants, structures, and 
processes as well as environmental impacts, which was 
categorised under energy consumption and carbon 
emissions. SC participants come in a variety of forms; 
such as suppliers, customers, and extended participants, 
such as third-party logistics providers. Coordinated

inventory models were then examined with a focus on 
SC structure, which include two-level and multi-level 
structures. 

The SC process includes ordering, production, 
inventory, and transportation. The dimension of the 
process is a cost element that models must take into 
consideration as it is important for the construction of 
the model. An inventory model that assesses 
environmental impacts can be constructed using the 
various components of the SC processes involved. 
Therefore, this present review identified SC 
dimensions that generally relate to environmental 
impacts with a focus on energy, specifically in relation to 
the energy models that have been developed by extant 
studies (Table 1).

TABLE 1. SC dimensions of integrated inventory models that assess en vironmental impacts
Participants (P1-P4) Structure 

(S5-S6)
Process (P7-P10) Environmental Performances Authors

P1 P2 P3 P4 S5 S6 P7 P8 P9 P10 Energy
Efficiency- 
& Energy-

Related

Carbon 
Emissions 
& Carbon 

Management

✓ ✓ ✓ ✓ Bouchery et al. 2012

✓ ✓ ✓ ✓ Bouchery et al. 2017

✓ ✓ ✓ ✓ Saadany et al. 2011

continue ...
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✓ ✓ ✓ ✓ Glock et al.2012

✓ ✓ ✓ ✓ ✓ Chan et al. 2013

✓ ✓ ✓ ✓ ✓ Hariga et al. 2017

✓ ✓ ✓ ✓ Jaber et al. 2013

✓ ✓ ✓ ✓ Zanoni et al. 2014 a

✓ ✓ ✓ ✓ Zanoni et al. 2014 b

✓ ✓ ✓ ✓ Tao et al. 2018

✓ ✓ ✓ ✓ Toptal & Çetinkaya, 
2017

✓ ✓ ✓ ✓ Zissis et al. 2018

✓ ✓ ✓ ✓ ✓ Bazan et al. 2015a

✓ ✓ ✓ ✓ ✓ Bazan et al. 2015b

✓ ✓ ✓ ✓ Wahab et al. 2011

✓ ✓ ✓ ✓ ✓ Paul et al. 2014

✓ ✓ ✓ ✓ ✓ Bazan et al. 2017

✓ ✓ ✓ ✓ Gurtu et al. 2015

✓ ✓ ✓ ✓ Sarkar et al. 2015

✓ ✓ ✓ ✓ Ghosh et al. 2016

✓ ✓ ✓ ✓ Jiang et al. 2016

✓ ✓ ✓ ✓ Khan et al. 2016

✓ ✓ ✓ ✓ Yang et al. 2016

✓ ✓ ✓ ✓ Ghosh et al. 2017

✓ ✓ ✓ ✓ Darom et al. 2018

✓ ✓ ✓ ✓ Tiwari et al. 2018

✓ ✓ ✓ ✓ Jauhari & Wangsa, 2022

✓ ✓ ✓ ✓ ✓ Dwicahyani et al. 2017

✓ ✓ ✓ ✓ ✓ Darma, 2017 

✓ ✓ ✓ ✓ ✓ Li et al. 2017

✓ ✓ ✓ ✓ ✓ Marchi et al. 2019

✓ ✓ ✓ ✓ ✓ Gautam et al. 2021

✓ ✓ ✓ ✓ ✓ Jauhari et al. 2022

✓ ✓ ✓ ✓ ✓ Singh & Mishra, 2022

✓ ✓ ✓ ✓ Karimi & Niknamfar, 
2017

✓ ✓ ✓ ✓ Castellano et al. 2019

✓ ✓ ✓ ✓ Glock & Kim, 2014 

✓ ✓ ✓ ✓ Benjaafar et al. 2013

✓ ✓ ✓ ✓ Sarkar et al. 2016

continue ...

... cont.
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✓ ✓ ✓ ✓ ✓ Hasanov et al. 2019

✓ ✓ ✓ ✓ Huang et al. 2020

✓ ✓ ✓ ✓ ✓ Wangsa et al. 2020

Legends:
P1. Single supplier-single customer
P2. Single supplier-multiple customers
P3. Multiple supplier-single customer
P4. Single supplier-single manufacturer-single customer/multiple customers
S5. Two-level
S6. Multi-level
P7. Order-inventory
P8. Order-production-inventory
P9. Order-inventory-transportation
P10. Ordering-Production-Inventory-Transportation

Table 1 depicts the 42 articles that were shortlisted in 
this present review. An analysis of the SC participants 
revealed that most of the articles developed integrated SC 
models with single supplier-single customer participation 
as the fundamental SC parts. Furthermore, 35 articles used 
this correlation to develop models whose primary goal was 
minimum cost and environmental impacts. Most of these 
articles focused on carbon emissions and carbon 
management instead of energy efficiency, energy 
consumption, and energy-related aspects which frequently 
correlates with production rate in the manufacturing and 
transportation industry (Li et al. 2017, Bazan et al. 2015a, 
Marchi et al. 2019). 

Karimi & Niknamfar (2017) and Castellano et al. 
(2019) constructed two-level models that took CO2 
emissions into consideration while Wangsa (2020) 
constructed a two-level model that took CO2 emissions and 
energy into consideration in more complex relationships; 
such as single supplier-multiple customers. While 
developing the two-level model, all three studies considered 
two or more participants at each stage of the SC. 
Meanwhile, other articles created models that examined 
CO2 emissions using wider relationships and diverse 
participants (Benjaafar et al. 2013; Glock & Kim, 2015; 
Sarkar et al. 2016). It is crucial to analyse each participant 
in a SC as each participant must play their part well. This 
is because integrated inventory models that assess 
environmental impacts are developed to reap the economic 
and environmental benefits of an SC. Therefore, such 
models must incorporate the SC process as it closely 
correlates to important model parameters that are used to 
make decisions. 

Most of the 42 articles took all SC processes into 
account. This included ordering, production, inventory, 
and transportation (Paul et al. 2014; Ghosh et al. 2016; 
Castellano et al. 2019; Gautam et al. 2021; Jauhari et al. 
2022). Bazan et al. (2015a) and Bazan et al. (2015b) 

proposed different processes that simplified the model by 
taking three SC processes; ordering, inventory, and 
transportation; into consideration. Meanwhile, other 
articles took ordering, production, and transportation into 
account (Hariga et al. 2017; Tao et al. 2018; Zissis et al. 
2018). Some articles only took two SC processes; ordering 
and inventory; into account while developing a model that 
assesses environmental impacts (Bouchery et al. 2012; 
Bouchery et al. 2017). 

As seen in Table 1, most of the integrated inventory 
models that were developed to assess environmental 
impacts examined single suppliers and single customers, 
two-level structures, and all SC process, including ordering, 
production, inventory, and transportation. These models 
were developed to take CO2 emissions and CO2 management; 
such as carbon taxes, carbon trading, and carbon policies 
that are still applicable; into consideration. Meanwhile, 
other articles incorporated energy formulas; such as energy 
efficiency and energy utilisation; into integrated 
mathematical inventory models to simplify them (Chan et 
al. 2013; Bazan et al. 2015a; Bazan et al. 2015b; 
Dwicahyani et al. 2017; Darma, 2017; Li et al. 2017; 
Marchi et al. 2019; Gautam et al. 2021; Singh & Mishra, 
2022). 

Paul et al. (2014) investigated a scenario in which 
holding and ordering costs are influenced by energy 
utilisation. For example, ordering costs could be a part of 
energy costs; such as the logistics cost of the supplier; and 
inventory holding costs could include the use of energy for 
material handling or to maintain the temperature at a 
warehouse for inventory storage. For two-level models, 
Bazan (2015) analysed the energy consumption of 
production and transportation operations as well as the 
joint energy cost of an integrated SC. Meanwhile, Marchi 
et al. (2019) addressed the energy consumption of an 
integrated inventory model in which the energy requirements 
of the manufacturing and rework operations were modelled 
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as a function of production rate. Hasanov et al. (2019) 
investigated the correlation between energy utilisation and 
CO2 emissions in a multi-echelon system. 

Some articles addressed energy consumption even 
though their research objective was to reduce CO2 
emissions (Gautam et al. 2021). Most of the articles 
developed theoretical methods and validated them with 
numerical examples instead of examining actual case 
studies. Meanwhile, other articles combined theoretical 
and empirical methods (Wahab et al. 2011; Chan et al. 
2013; Bazan et al. 2015a; Bouchery et al. 2017). Some 
recent articles, on the other hand, continue to develop 
theoretical methods and validate them with numerical 
examples (Jauhari et al. 2022; Singh & Mishra, 2022). 

Based on the findings, majority of the 15 articles that 
focusing on energy efficiency discussed energy consumption 
in production and logistics. Energy efficiency in the 
perspectives of production and logistics includes various 
aspects of energy consideration across different stages of 
the process. The various of energy efficiency aspects 
addressed in these articles can be explained as follows. 
Chan et al. (2013) addresses the energy efficiency for initial 
setup and production quantity. In this article emphasizes 
the importance of minimizing energy waste during the 
initial setup of machines and the impact of production 
quantity on energy efficiency. Through efficient machine 
setup and optimal production quantities may result in 
reduced energy waste. Hariga et al. (2017) discuss energy 
efficiency through effective temperature control. This 
article explores the subject of energy efficiency to 
maintaining products at predetermined temperatures. This 
may result in reduced energy usage and enhanced 
operational efficiency.

Bazan et al. (2015a) discuss energy consumption for 
Production. This article addresses on the energy 
consumption during the production process, including 
energy required to remove materials and operate machine 
tools. While Bazan et al. (2015b); Bazan et al. (2017) and 
Hasanov et al. (2019) discuss energy efficiency through 
manufacturing and remanufacturing. These articles analyse 
the amount of energy is used during the production and 
remanufacturing processes. They evaluate factors such as 
machine tools, energy consumption coefficients and idle 
machine conditions to improve these processes towards 
energy efficient. Meanwhile, energy consumption 
considerations are integrated into the holistic manufacturing 
process (Gautam et al. 2021).

Bazan et al. (2015b) and Hasanov et al. (2019) 
incorporate the aspect of emissions penalty tax and 
coefficients an idle machine related to energy consumption 
during manufacturing and remanufacturing. This implies 
that regulations and the environment may be affected by 
energy efficiency initiatives. Moreover, energy efficiency 

is discussed in the context of maintaining ideal temperature 
conditions in warehouses and determining order sizes that 
reduce overall energy consumption. Energy savings may 
result from effective warehouse management and optimal 
order size (Paul et al.2014). Furthermore, Li et al. (2017) 
considers energy consumption in logistics. It focuses on 
optimizing freight volume based on energy consumption 
for different modes of transportation that indicates the 
significance of effective logistics. Based on Darma (2017); 
Singh & Mishra, (2022) and Wangsa et al. (2020) 
emphasize the significance of optimizing energy 
consumption in several forms, including electricity, 
heating, steam, cooling, and energy losses. This broader 
perspective recognizes various sources of energy 
consumption. Meanwhile, Jauhari et al. (2022) incorporated 
electricity and solar electricity consideration to evaluate 
the green production’s total costs.

DECISION VARIABLES OF INTEGRATED 
INVENTORY SC MODELS WITH 

ENVIRONMENTAL IMPACTS

This present review also identified problems in inventory 
decisions that coordinate processes between SC participants 
to enhance both economic and environmental performance. 
As seen in Table 2, some studies consider the order quantity 
to make single inventory decisions with which to coordinate 
processes between SC participants (Bouchery et al. 2012; 
Bazan et al. 2015a; Gurtu et al. 2015; Bouchery et al. 2017; 
Tao et al. 2017; Toptal & Cetinkaya, 2017; Zissis et al. 
(2018). These articles take order quantities into 
consideration to minimise system costs as well as CO2 
emissions. Meanwhile, other articles make order quantity-
based single inventory decisions that prioritise energy 
performances. For instance, one of the models that Hasanov 
et al. (2019) proposed took into consideration emissions 
from production and transportation as well as accounted 
for energy usage.

Only a handful of articles have considered two 
inventory decisions for production rates and delivery 
frequency. Chan et al. (2013) and Huang et al (2020) aimed 
to minimise system costs and CO2 emissions while Bazan 
et al. (2015b) and Darma (2017) took energy performance 
into consideration using the two inventory results. Some 
of the other articles, however, took three inventory 
decisions; order quantity, production quantity, and delivery 
frequency; into consideration to reduce system costs 
(Bazan et al. 2017; Castellano et al. 2019). However, only 
a handful of articles considered three inventory decisions 
to improve energy performance and reduce CO2 emissions 
(Hariga et al. 2017; Wangsa et al. 2020; Gautam et al. 2020; 
Singh & Mishra, 2022).
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TABLE 2.  Decision variables of inventory integration problems in models that examine the environmental impacts of energy 
consumption and CO2 emission

Decision Variables 
(D1-D4)

Model Performance (M5-M8) Authors

D1 D2 D3 D4 M5 M6 M7 M8
√ √ √ Bouchery et al. 2012
√ √ √ Bouchery et al. 2017

√ √ √ √ Saadany et al. 2011
√ √ √ √ √ Glock et al. 2012
√ √ √ √ √ Chan et al. 2013
√ √ √ √ Jaber et al. 2013
√ √ √ √ √ Zanoni et al. 2014a
√ √ √ √ √ √ √ Zanoni et al. 2014b
√ √ √ Tao et al. 2017
√ √ √ Toptal & Çetinkaya, 2018
√ √ √ Zissis et al. 2018

√ √ √ √ Bazan et al. 2015a
√ √ √ √ √ Bazan et al. 2015b

√ √ √ √ √ √ Hariga et al. 2017 
√ √ √ √ √ √ Wahab et al. 2011
√ √ √ √ √ √ √ Paul et al. 2014
√ √ √ √ √ √ Bazan et al. 2017
√ √ √ Gurtu et al. 2015
√ √ √ √ √ Sarkar et al. 2015
√ √ √ √ √ Ghosh et al. 2016
√ √ √ √ √ Jiang et al. 2016
√ √ √ √ √ Khan et al. 2016
√ √ √ √ √ Yang et al. 2016
√ √ √ √ √ Dwicahyani et al. 2017
√ √ √ √ √ Ghosh et al. 2017
√ √ √ √ √ Darma, 2017
√ √ √ √ √ √ √ Li et al. 2017
√ √ √ √ √ Darom et al. 2018
√ √ √ √ √ √ Tiwari et al. 2018
√ √ √ √ √ √ Marchi et al. 2019 

√ √ √ Karimi & Niknamfar, 2017
√ √ √ √ √ Castellano et al. 2019
√ √ √ √ √ Glock & Kim, 2015
√ √ √ √ Benjaafar et al. 2013

√ √ √ √ Sarkar et al. 2016 
√ √ √ √ Hasanov et al. 2019

√ √ √ √ Huang et al. 2020
continue ...
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√ √ √ √ √ √ Wangsa et al. 2020
√ √ √ √ √ √ Gautam et al. 2021

√ √ √ √ Jauhari & Wangsa, 2021
√ √ √ √ √ √ √ Jauhari et al. 2022
√ √ √ √ √ √ Singh & Mishra, 2022

Legends:
D1. Order quantity
D2. Production rate
D3. Frequency of delivery
D4. Other decisions
M5. Minimise cost 
M6. Maximise profits 
M7. Energy-related 
M8. CO2 emissions-related

... cont.

A total of 23 articles were found to examine non-
general inventory decisions; such as order quantity, 
production quantity, and delivery frequency. The decision 
variables were based on the most recent SC theory and 
scenarios. For instance, Khan et al. (2016) examined profit 
per product unit while Tiwari et al. (2018) examined the 
proportion of defective products and cycle time. Castellano 
et al. (2019) examined safety, reorder point, and the number 
of routes while both Wangsa et al. (2020) and Jauhari et 
al. (2022) examined safety. Jauhari and Wangsa (2021) 
examined green investment decisions.

Based on the findings, order quantity, production rate, 
and delivery frequency are the most frequently examined 
aspects of the integrated problem (Table 2). Considering 
various decision variables can provide a more complete 
picture of the SC scenario. However, according to Pyke 
and Cohen (1993), improper decision variable selection 
drives up cost and lowers service delivery. 

As this present review focused on energy performances, 
only 14 articles considered the use of order quantity 
decisions to reduce system costs, energy consumption, and 
CO2 emissions. Meanwhile, only six articles considered 
using the results of order quantity, production rate, and 
delivery frequency as well as performance to reduce system 
cost, energy consumption, and CO2 emissions (Hariga et 
al. 2017; Paul et al. 2014; Ghosh et al. 2016; Li et al. 2017; 
Marchi et al. 2019; Jauhari et al. 2022). However, each 
article used different decision variables that were based on 
the observations of the researchers and the SC process 
integrating case study. This poses a challenge to optimising 
the results to improve the performance integrated SCs.

CONCLUSION

The findings of this present review suggest that future 
integrated inventory models may be extended to examine 
the environmental impacts of energy consumption or 

energy management; such as energy policy, energy tariffs, 
energy investment, and energy regulation; in bringing about 
changes in areas other than CO2 emissions. The importance 
of integrating energy into a model is to ensure that 
economic and environmental advantages are obtained in 
equal measure. Furthermore, few extant articles have 
examined the inclusion of energy factors. For instance, 
only 15 articles (35%) examined the energy-related issues 
of integrated inventory models. Researchers could also 
explore broader SC dimensions; such as single supplier-
multiple customers; while taking into consideration the 
holistic process of ordering, production, inventory, and 
transportation. Moreover, most of the articles used a 
theoretical approach and only a few articles used a 
combination of theoretical methods and empirical case 
studies in real-life industry problems, which is more 
practical when describing real-life industry problems. The 
findings of this present review provide insights that future 
studies can use to develop integrated inventory models that 
include various participants, two- or multi-level structures 
as well as an energy parameter as a performance model. It 
could also be used to determine the best decision variables 
with which to solve the complexity of SC problems and 
describe a real-life SC scenario.
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