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Abstract:

Purpose: Nowadays, governments and people pay more attention to use green products due to

environmental  pollution,  irreplaceable energy and shortage of  resources.  Green products  are

resulted from the application of  green supply chain management strategies to the organizations’

performance strategies, so that we can reduce environmental pollutants and wastes and take a step

towards saving energy with limited resources. 

Design/methodology/approach: In this paper, the effect of  reducing energy consumption in

green supply chain is examined by using queuing theory and transportation models. Data was

generated and solved by a commercial optimization epackage. 

Findings: The findings indicate that suitable assignment of  existing transportation fleet with

specified capacity, and using queueing theory in a closed-loop network to reduce the queue length

and  handle  congestion,  can  cause  a  reduction  in  energy  consumption  by  optimizing

transportation and waiting times in a green supply chain.

Originality/value: Adopting investment strategy in improving the environmental performance

of  the supply chain, will yield in many advantages and benefits. This article investigates the effect
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of  queuing theory on reducing waiting time and optimizing energy consumption in green supply

chain.

Keywords: green supply chain, green supply chain management, queuing theory, LINGO, closed-loop

supply chain, congestion

1. Introduction

Globalization, increased regulation of  governmental and non-governmental organizations and pressure

and demands of  customers regarding environmental issues, has caused the reviewing required measures

to use the green supply chain management by the organizations to improve environmental and economic

performance.  Green  supply  chain  management  integrates  of  supply  chain  management  with

environmental requirements at all stages of  product design, selection and supply raw material, production

and  manufacturing,  distribution  and  transmission  processes,  delivery  to  the  customer  and  after

consumption processes such as recycling and reuse management in order to maximize the amount of

energy and resource efficiency,  along with improved performance of  the entire supply  chain (Olfat,

Khatami-Firouz & Khodaverdi, 2011).

Green supply chain management (GrSCM), is a topic extracted from the perspective of  the traditional

supply chain (Fortes, 2009). Quality revolution in the late 1980s and revolution of  supply chain in the late

1990s  led  businesses  to  the  environmental  sensitivity  (Srivastava,  2007).  This  topic  was  popularized

gradually in the community. Environmental efficiency and reproduction processes, are now important

assets to achieve the best practices (Ashley, 1993; Srivastava, 2007). Kelle and Silver (1989) were among

the researchers who examined green supply chain management as an applied issue and proposed a system

for the products that are potentially reusable for the organizations. Navin-Chandra (1991) for the first

time, proposed the need for green design concept to reduce the impact of  product waste. Then Ashley

(1993), Allenby and Richards (1994), Zhang, Kuo, Lu and Huang (1997) have developed green design. De

Ron and Penev  (1995),  Beamon (1999)  and  Arena,  Mastellone  and  Perugini  (2003)  considered  the

product life cycle analysis as a framework for green design. Reverse logistics, is another area of  green

marketing that many studies have been done about it. Among the scholars who conducted case studies in

the field of  green marketing, Pohlen and Farris (1992), Stock (1998), Carter and Ellram (1998), Shih

(2001), Tibben-Lembke (2002), Srivastava and Srivastava (2006), Nagorney and Toyasaki (2005) and Min,

Ko and Ko (2006) can be noted.
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Waste Management is another concept that lies at the heart of  green supply chain management. Roy and

Whelan (1992) were the first researchers who have worked in this field. They proposed a model for

reduction  of  electronic  waste.  Other  researchers  such  as  Hannah  and  Newman  (1995),  Sarkis  and

Cordeiro (2001) and Nagorney and Toyasaki (2005) focused on the recovery and reproduction.

Green manufacturing concept was introduced in 1993 by Crainic et al. they suggested a green supply

chain model by sea freight containers (Fortes, 2009). The concept of  green manufacturing was continued

by Van Der Laan and Salomon (1997), Guide and Srivastava (1998) and White, Masanet, Rosen and

Beckman (2003) research.

Green supply chain is the set of  firm’s internal and external actions throughout the supply chain, to

improve the environment and prevent pollution (Nasseri-Taheri, 2006). In other words, green supply

chain management includes green purchasing, green production, green distribution, green marketing and

reverse logistics.  Rao and Holt  (2005)  suggest  that  the  concept of  green supply chain management

includes the following environmental initiatives:

1. Internal logistics;

2. Production or internal supply chain;

3. External logistics;

Reverse Logistics which includes activities in which the raw material suppliers, service contractors, dealers,

distributors and end users together, try to reduce or eliminate the harmful environmental effects of  their

work. According to Srivastava (2007) green supply chain, taking into account environmental issues in

supply  chain  management,  is  defined  including  product  design,  selection  and sourcing of  materials,

manufacturing  process,  the  final  product  delivered  to  the  customer  and product  management  after

consumption and elapsing useful life.

Generally, it is inferred that green supply chain management, enhances the efficiency and synergy between

commercial partners and their leader companies, to help increase environmental performance, minimizes

waste and saves costs. It is expected that the synergy, improve the competitive advantage and marketing

image and (Rao & Holt,  2005).  Thus,  supply chain management results  in the certain financial  and

operating interests (Bowen, Cousins, Lamming & Faruk, 2001).

The managers of  green supply chain in leading companies are trying to use green logistics and satisfaction

by  creating  environmental  perspective  throughout  the  supply  chain,  improving  the  environmental

performance in the entire supply chain as a strategic weapon for gaining competitive advantage and

founded they objectives on three important topics: green design (product), green manufacturing (process)

and recycling products, (Boks & Stevels, 2007).
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Figure 1. Green supply chain management (Wu & Dann, 1995)

Green  supply  chain  management  integrates  the  supply  chain  management  and  environmental

requirements  at  all  stages  of  product  design,  selection,  supply  of  raw  materials,  manufacturing,

transportation and distribution processes, and finally, processes after consumption such as recycling and

reuse management, in order to maximize the productivity of  energy and resources as well as improving

the entire supply chain (Sarkis, 2006).

Amemba, Nyaboke, Osoro and Mburu (2013) modeled the components of  green supply chain based on

the Heravani, Nemati, Bozorgipour and Hosseininegad (2005) model, as Figure 2.

Figure 2. Green supply chain management components (Heravani et al. (2005))

The  results  obtained  from  Amemba  et  al.  (2013)  illustrate  that  organizations  should  enhance  the

implementation level of  green supply chain practices in managing their operations.

-216-



Journal of  Industrial Engineering and Management – https://doi.org/10.3926/jiem.2170

2. Problem Statement

Today, ensuring the sustainable development of  any country is subjected to the conservation and efficient

use of  limited and irreplaceable resources in that country; various measures are done to deal with this

issue by governments including applying green laws and principles, such as the use of  environmentally

friendly raw materials and industrial centers of  production, reducing the use of  fossil energy and oil

resources,  recovering  paper  and  reuse  of  waste.  Extending  government  regulation  to  obtain

environmental standards and the growing consumers’ demand for green products in supply chain, which

contains all activities related to the flow of  goods, from raw material stage to the delivery of  goods to

final consumers using information flow throughout chain, causes the emergence of  a new concept of

green  supply  chain  management.  Adopting  investment  strategy  in  improving  the  environmental

performance of  the supply chain, will  result in many advantages and benefits such as saving energy,

reducing  emissions,  eliminating  or  reducing  the  waste,  creating  value  for  customers  and,  ultimately,

increasing productivity for the manufacturing and services companies (Imani & Ahmadi, 2009). This

article  will  investigate the effect of  queuing theory on reducing waiting time and optimizing energy

consumption in green supply chain.

3. Managing Traffic Congestion Using Queuing Theory 

Concentrating on two concepts of  traffic  congestion and uncertainty,  each can be divided into two

categories. 

Traffic congestion is defined as a situation in which the average speed of  traffic is less than the minimum

speed in a free flow network (Sadjadi, Soltani & Eskandarpour, 2014).

In this  paper,  congestion can stemmed from some endogenous and exogenous factors and each of

proposed models is considered under stochastic and fuzzy uncertainties (Fathian, Jouzdani, Heidari &

Makui, 2016).

In general, people do not want to wait; however, reducing the waiting time usually requires additional

investment.  To decide about whether  or not to invest,  it  is  important to understand the impact of

investment on waiting time (Adan & Resing, 2002). How to balance our efficiency and cost? Here is the

time that queuing theory is introduced to solve the problem. The queuing theory includes mathematical

study of  waiting queues and stochastic random processes related to it. A queuing system can be defined

for customers to receive input service and if  the service is not available, wait for it. Important areas of

application  of  queuing  models  include  production  systems,  storage  and  transportation  systems,
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communication systems and information processing systems. Queuing models designed for these systems

are practical in terms of  design, capacity and control (Adan & Resing, 2002).

Forming a queue is a social phenomenon that if  it can be managed in such a way that both the unit and

the person, who provides the service, earn the greatest possible benefit, it is beneficial to society. In

queuing theory, the applicant, whether human or the other thing, is considered as the customer and the

service provider is known as servers.

Queue length, customer’s average waiting time in queue and server idle time percent are among the

queuing system evaluation criteria.

In accordance with the above explanation, it is clear that each sub-process of  green supply chain acts as a

queuing system. For example, if  we assume the organizations applicant for buying raw materials as the

customer and the supplier of  the raw materials as servers, it is possible to use queue problem solving

approaches as efficient methods. Different organizations request raw materials and certainly also expect

that receive the service(raw materials) during a certain timeframe. Server can prioritize the organizations

based on his records and policies and provide customer service, under different conditions; this is while,

we recognize the specific capacity for the supplier and the speed of  service providing is also measurable;

since the process of  green purchase allows evaluation by measuring the average waiting time for each

organization to get raw materials or the queue length. The above analysis can be used to check each of

green production processes, distribution and marketing as well.

As presented in Table 1, despite the useful application of  the queueing theory in handling congestion, the

literature of  queue in congestion is rarely surveyed. In this paper the queueing theory is employed to

handle congestion and decrease the transportation time and finally reduce environmental pollutions in a

green supply chain framework. 
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Article Tr Net
Congestion factor Kind of

pricing Un Queue

Ca De Un Pco Co

Chen, Xiong, He, Zhu and Zhang, 2016    

Chiu, Bottom, Mahut, Paz, Balakrishna, Waller 
and Hicks, 2011  

Friesz, Bernstein and Kydes, 2004   

Zhang, Rossi and Pavone, 2016    

Rahimi, Tavakkoli-Moghaddam, Mohammadi 
and Sadeghi, 2016     

Zangui, Yin and Lawphongpanich, 2015    

Berman and Krass, 2015     

Vass and Szabo, 2015   

Ding, Tang and Ji, 2016   

Fathian et al., 2016; Jouzdani and Fathian, 2016    

Geramianfar, Pakzad, Golhashem and 
Tavakkoli-Moghaddam, 2013   

Ernst and Krishnamoorthy, 1996    

Kian and Kargar, 2016   

Inoue, Miyashita and Sugita, 2016     

De: Demand, Tr: Traffic, Pco: Price congestion, Co: Cost, Un: Uncertainly, EF: External factor.

Table 1. Congestion
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4. Types of  Queue Systems Based on the Physical Layout

In this classification, Queue systems are analyzed based on two factors of  input channel and server

(Gupta & Khanna, 2006). The simplest queuing system includes an input channel to entry customers as

well as a server. This system is called single channel and single server. In most complex state, the queuing

system consists several input channels and multiple servers-that offer different services. This system is

known as multi-channel system and multi-servers system. The general types of  queuing system, in terms

of  physical layout, are shown in the figures below:

1. Single-channel and single-server system

2. Single-channel and multiple servers system

3. Multiple and single server system

4. Multiple systems and servers

Figure 3. Types of  Queue systems (Abedi, Hamidi & Parkhan, 2011)
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5. Queuing Process Features

Process of  Customer arrival: Customers may enter individually or in batches (Adan & Resing, 2002).

Login  process  is  often considered  as  arrival  rate  that  is  the  average number of  entries  per  second

(Stallings, 2000). Intervals between two inputs are usually considered independent (Adan & Resing, 2002).

Distribution  that  is  considered  for  entry  process  includes  exponential  distribution,  Deterministic

distribution and binomial distribution.

Customer behavior: The client may be patient and willing to wait (for long time) or client may not be

patient and leave the place after a while (Adan & Resing, 2002).

Service time: when a unit is assigned to a given channel, the time that takes to get the same service, may

be a fixed or variable time (Jafarnejad, 1991). This component is the average service time to each input -

excluding waiting time in Queue (Stallings, 2000). Service time can be considered as depend on the length

of  Queue (Adan & Resing, 2002).

The number of  servers: there may be a single or multiple servers for serving customers.

The  system capacity  (waiting  room): Due  to  limited  number  of  customers  in  the  system,  the

restriction can exist in the waiting room (Adan & Resing, 2002). This means that if  there are m servers

and there is no more waiting room, m, is considered as system capacity. The system capacity component

is not considered for the unlimited waiting room.

Population size: the number of  customers, who come in for service, makes up the population size.

Queue order: customers can be served individually or in batches (Adan & Resing, 2002). There are

various possibilities for service order:

FCFS (First Come First Serve): where the customer who comes first is served soonest.

LCFS (Last Come First Serve): where every client who comes last is served soonest.

Priority  of  allocations: where  the  priority  is  determined  to  service  customers;  special  customers,

customers with shorter service process, customers in a hurry etc. can determine the service priorities.

Random Order: there is no particular cause and order for the service.

In order to describe the Queuing process, a number of  letters and diagonal lines as A / B / X / Y / Z are

used where:

A: the distribution of  time intervals of  the applicants’ arrival;
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B: How to service or the probabilities of  service time;

X: number of  channels of  service time;

Y: the capacity of  the system;

Z: discipline (Kendall, 1953).

6. Methodology

To investigate the function of  queuing theory in reducing energy consumption in green supply chain,

queuing theory was examined in transportation sector of  green supply chain in this state we have certainly

congestion in the present article.

It  is  clear  that  the analysis  of  more complex systems in green supply chain requires using efficient

software in  modeling  analysis  and simulation of  supply  chain.  LINGO software  as  a  powerful  tool

provides a framework that supply chain system engineers and analysts can simulate and analyze the results

obtained from the model development. Following the results analysis, feedbacks can be applied into the

system and corrective action can be used in order to improve the efficiency of  the supply chain system.

The LINGO software makes it  possible to analyze the sensitivity  and scenario making in the given

system.

The aim of  this study is to allocate transport fleet in the routes of  different centers in supply chain layers

using queuing theory.

In the proposed model, the departure and arrival times are stochastic. The number of  arrived and served

vehicles  follows  Poisson  process  and  therefore  the  time  between  arrivals  of  two  vehicles  follows

exponential distribution. There exist multiple servers working in parallel. Therefore, the proposed model

has flexibility in determining the number of  servers that work in parallel.

The system capacity is also unlimited on selected models. So the model M / M / S / ∞ / Pri is used.

Figure 4 indicates the general form of  the given supply chain.
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Figure 4. The general form of  the given supply chain

Figure 5. An example of  a Queue formed at a center of  the supply chain

7. Mathematical Formulation

Some assumptions should be considered for modeling the queue:

1. The queue model is as M / M / S / ∞ / Pri.

2. Total number of  transportation fleet as well as their capacity is specified.

3. The number of  servers in each center consists two parts of  loading and unloading fleets, which

queue systems operate separately.

4. Servers in each loading or unloading centers can be multiple parallel servers.

5. The distance between centers is specified.

6. The discharge rate in centers is directly related to the distance between the centers.

7. The number of  parallel servers is fixed and specified in the loading and unloading centers.

8. The quantity of  waste which comes from the market to the recycling center is specified.

9. The fleet movement rate between different centers is specified.
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10. The production rate in factories centers is specified.

11. The amount of  waste is specified.

12. The amount of  the final product should be maintained in the factories in any order is specified in

terms of  order.

13. The withdrawal rate of  discharge machines (unloaded) in each center is fixed.

14. The fleet movement between centers is reciprocating.

15. It is assumed that system is stable in each center:

Indices and model sets are as follows:

I: Warehouses centers

J: Factories centers

K: Distribution centers

L: Recycling centers

The parameters considered in this model include:

Z: Traffic volume between the two centers

Z0: Amount of  waste that enters the waste storage from market

σj: Percentage of  waste in the factory j

γj: Percentage of  production rate at the factory j

Hj: Quantity of  products entered into the warehouse after production at the factory j

TNV: Total number of  fleets in the entire chain

CV: Carrying capacity of  the fleet

λ: Arrival rate of  vehicles to discharge

μ: Rate of  discharged vehicles outflow

S: The number of  parallel servers in each center unloading section

λ: Fleet arrival rate for loading 

μ: Rate of  loaded vehicles withdrawal
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S: The number of  parallel servers in each center loading sector

π0: Idle percentage in state zero 

LQ: Average length of  queue

WQ: average waiting time in queue

W: The average waiting time in the system

P: The percentage of  servers’ or utilization agent’s operating time

D: Distance in center (m)

T: Transportation time unit per distance unit

C: The percentage of  pollutants generated by the operation time of  transportation fleet

The decision variables in this model are as follows:

NV: Number of  fleets in the different centers between layers of  the supply chain

NT: Number of  fleet commutes between centers

For this purpose of  the present study, the time function is used. C coefficient is used to calculate the

consumption of  contaminants over time. This means that the shorter the transit and waiting time, the

lower the energy consumption.

MinC

(1)

(2)

(3)

(4)

(5)
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

-226-



Journal of  Industrial Engineering and Management – https://doi.org/10.3926/jiem.2170

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)
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(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

Constraint  1  is  the minimizing function with the coefficient  c that  minimizes the time of  the fleet

transportation and the fleet waiting time at the center of  the chain.

Constraint 2 determines the entire fleet size in each chain.

Constraints 3-5 indicate the transferring volume between centers.
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Constraints 6-9 show that the coefficient of  the number of  commutes in the number of  fleet in the route

between two centers is larger than the ratio of  the transferring volume to the capacity of  each fleet.

Constraints 10-16 specify the rate of  fleet arrival to each center.

Constraints 17-23 indicate the percent of  servers’ working time.

Constraints 24-30 show the percent of  servers’ idle time in state zero.

Constraints 30-37 specify the average queue length of  each server.

Constraints 37-44 state the average waiting time in queue of  each server.

Constraints 45-51 indicate the average waiting time of  each fleet in each center.

8. Numerical Example

For example, if  we consider a supply chain with one warehouse, two plants, two distributors and one

recycling center, so that the total number of  vehicles is 24, with a capacity of  10 tons, and the total raw

materials transported from warehouse into the factory are approximately 360 tons; also the queue length

and waiting time in the queue is obtained according to Table 1, the amount of  pollutants produced as a

result of  serving in each center queue (including loading and unloading) and the fleet movement between

the centers is specified in Tables 1 and 2.

The amount of
produced pollutants

NV NT Destination Start point

*200 3 8 j1 i1

2.7*310 2 6 j2 i1

8.4*250 2 4 k1 j1

4.8*180 2 7 k2 j1

6.9*110 2 8 k1 j2

18*120 3 10 k2 j2

6.21*225 3 12 l1 j1

4.8*150 2 7 l1 j2

15*80 5 5 i1 l1

Table 2. the amount of  pollutants generated in the queues of  each center due to the queue length

As Table 2 shows, the greatest amount of  pollution created at the distribution center 2 is due to its shorter

distance with other centers, as well as the service rate provided by the center and fewer parallel servers; by
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increasing the number of  servers or using better technology in the center, for loading and unloading fleet,

the service rate provided by the center can be raised and the amount of  produced emissions can be reduced.

The amount of  pollutants
produced in the queue

WQ' LQ' WQ LQ Centers

2.28 5 1 1.3 2 Warehouse

2.1 6 0.5 1 4 Plant 1

1.53 10 0.5 0.7 3 Factory

2.7 - - 1.5 6 Distribution 1

2.97 - - 1.1 9 Distribution 2

2.25 2 1 0.5 11 Recycling

The amount of  pollutants
produced in the queue

WQ' LQ' WQ LQ Centers

2.28 5 1 1.3 2 Warehouse

2.1 6 0.5 1 4 Factory

1.53 10 0.5 0.7 3 Factory 2

2.7 - - 1.5 6 Distribution 1

2.97 - - 1.1 9 Distribution 2

2.25 2 1 0.5 11 Recycling

Table 3. The amount of  pollutants produced by the transportation fleet according 

to the distance between the two centers of  and the required time

The number of  available fleet in each rout as well as the number of  commutes needed for carrying the

product is shown in Table 3. The amount of  pollution, which is produced related to the distance between

the centers, and the required time have been determined. As it is known, by increasing the number of

fleets, the number of  transport on this route, and subsequently, the amount of  harmful pollution can be

reduced. It should be noted that the correct selection of  center locations and their distance from each

other is effective and should be carefully studied in the beginning of  the establishment of  centers.

As presented in Figure 6, the congestion happens in J1 and J2 areas. 
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Figure 6. Queue length

By adding the transportation fleet size of  the company and therefore eliminating the existing queue in

these area, the congestion problem is resolved and consequently the average travel time is reduced. 

The findings show that considering queuing theory in loading and unloading of  items and also separation

of  mails and parcels could lead to a considerable reduction in the resulted pollutions.

9. Conclusion

Organizations need to use environmental  considerations in their supply chain to benefit  from green

supply  chain  competitive  advantages.  One  of  these  considerations  is  care  about  optimizing  energy

consumption due to the limited and irreplaceable resources. Using the queuing theory in the green supply

chain management activities gives organizations the opportunity to improve the activities of  green supply

chain management, such as the purchase of  raw materials, production, logistics and external and internal

logistics as well as reverse logistics to reduce energy waste. Prioritizing activities in processes related to any

subset of  green supply chain management, leads to optimizing transportation and waiting time in the

processes and subsequently reducing energy consumption. All parameters listed in the survey according

to Tables 2 and 3, including the correct locations of  centers, the number of  available fleet on the track

between the centers, as well as the rate of  service provided by centers for the fleet, the number of  trips

between centers, and even the number of  service centers and servers in the centers, service providing

technology, etc. all can be effective on decreasing emissions. Since each of  these parameters can affect the

others, each of  these parameters and taking them together into account can be effective on reducing

pollution in supply chain transportation fleet and can be the subject for the future research.
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