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Abstract—In recent years, remanufacturing, recycling and disposal of product after its end of life has 
been increasing attention of companies not only due to environmental regulations but it is great profitable 
in terms of cost. In this paper, a mathematical model was developed considering production of the 
products with remanufacturing facility for used products, collection/disassembly and disposal facility 
units for recovery of used products from the customer domain. The manufacturer serves a stationary 
demand by producing new items of product as well as by remanufacturing the collected used items of 
product or disposes them after analysis of used products at collection/disassembly units. The return rate 
of used item is formulated as a demand like function of purchasing price and accepted quality level of 
used products. In this work, particle swarm optimization is proposed to solve the model and validated 
with a cased study. The numerical results showed that a mixed strategy of pure production and 
remanufacturing is optimal with scope of environment regulations.  
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I. INTRODUCTION 

Rapid industrialization causes pollution and global warming which have adverse effects on the environment 
and this creates a need to utilize the resources to the fullest in a proper manner. The activities of the firm should 
not be hazardous to others. That is the firm to be eco-friendly and to meet all the norms which are laid down by 
the government.  One of the best ways to meet the above specified requirements is that the firm should utilize 
the used products returned by the customers. This method in fact reduces the cost of manufacturing while being 
eco-friendly. The basic idea behind this paper is to develop an inventory and distribution model in supply chain 
network considering used products with their return ratio for remanufacturing or disposal. The work related to 
considering environmental criteria in supply chain decision process as a case study in [1] and the relationship 
between environmental uncertainty and flexibility in supply chain with performance in a manufacturing 
company [2] are indicating the importance of used/returned products in the supply chain. 

A study is carried on generic stochastic model for the design of networks comprising both supply and return 
channels, which was organized in a closed loop system [3]. Single echelon forward network combined with two 
echelon reverse network is considered in the study. A work on assessing performance and uncertainty in 
developing carpet reverse logistics systems is presented in [4]. The reverse supply chain considering design and 
environmental factors is simulated in the work. Various network design parameters are analysed for better 
recycling technologies and optimizing growth and possible management options.A work on production planning 
of a hybrid manufacturing–remanufacturing system under uncertainty within a closed-loop supply chain is 
presented in [5]. The work dealt with production planning and control of a single product involving 
manufacturing and remanufacturing operations within a closed loop reverse logistic network with machines 
subject to random failures and repairs. A work on the generic model of reverse logistics network design 
considering both repairing and remanufacturing options is presented in [6]. Branch and bound technique applied 
for developed mixed integer formulation in the work. The similar work is carried out, but  stochastic 
environment is considered [7]. 

Fuzzy optimization method is proposed to the inventory control and production planning problem of reverse 
logistics with remanufacturing and disposal recovery routes [8]. An information and communication 
management model is proposed for electronic components in supply chain with the option of the dispose of 
electronic waste and developed a WEB portal for the application purpose. Managerial implications of economic 
value and regulation of closed loop supply chain with correlated demands and returns are presented in [9]. The 
study on the single product production and inventory system with remanufacturing/reuse of return products and 
focusing on the rate of return products as a demand function of purchasing price and quality level is presented in 
[10].The deterministic and stochastic models for two-echelon suppy chain with demands and returns of products 
under cost structures are developed and numerical analysis carried out in [11].  
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In this paper, the basic concept is to consider returned products in a supply chain. And these returned 
products are considered for remanufacturing by the industry depending on purchasing price and quality factor.  
Once the product is found unfit for remanufacturing, it is disposed. The company takes sole responsibility of 
disposal of the products at its own disposal location, making sure that the pollution caused is harmless to any 
form of life.  

Description of the problem is presented in section 3. In section 4, a mathematical formulation of the problem 
is presented. In section 5, the developed model is solved using proposed particle swarm optimization. The 
results of numerical experimentation and concluding remarks are given in section 5 and 6 respectively. 

II. PROBLEM FORMULATION 

Now a day’s land is not being utilized properly. Industries are disposing the products without considering 
whether the products can be used in remanufacturing or not. In order to reduce the pollution and utilize the 
resources to the fullest, in this work demand and return ratio to represent the main effecting parameters 
considered. The basic motto is to minimize total cost involved. This problem basically considers a single 
product and one period. The locations of different units involved are known. Demand for the product is 
considered to be stationary and the shortage is neglected.The main objective of the work is to minimize cost and 
improve profit with least possible pollution of optimal facility locations of disassemble/collection and disposal 
units. 

A. Supply Chain Network 

The supply chain network is developed considering suppliers, manufacturing units, distributors, customers 
and analysis centres. The network developed will help in deciding whether remanufacturing is apt or disposal is 
apt, depending on remanufacturing cost. Purchasing price and quality of the returned products are deciding 
factors whether the product should be considered for remanufacturing or not. Once the product is found unfit for 
remanufacturing, it will be disposed. The firm takes required measures while disposing. The firm takes the sole 
responsibility of the disposal and will avoid the environmental pollution to the maximum possible level. 

This network basically consists of suppliers, manufacturing units, distributors, customers, 
collection/disassembly and disposal units as shown in Fig.1. The products are returned by the customers to the 
analysis centres which are analyse the returned products whether they are apt for remanufacturing or not, once 
they found them apt for remanufacturing they are sent to the manufacturing facility for remanufacturing. If 
returned products are found unfit for remanufacturing they are disposed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Supply Chain Network with disassemble and disposal units 

B. Mathematical Model 

In this work, the mathematical model is developed with following notations, parameters and decision 
variables. 

Potential number of suppliers is indexed by s 

Potential number of facilities is indexed by f 

Potential number of distributors is indexed by d 
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Potential number of customers is indexed by c 

Potential number of disassembly locations is indexed by a 

Potential number of disposal locations is indexed by p 

D- demand  

Pc - unit cost  

Fi - fixed cost of opening location i 

DSij - distance between any two locations i and j = {(xi-xj)
2-(yi-yj)

2}1/2, where (xi, yi) represent the  

Cartesian coordinate of location i 

SCs - capacity of supplier s 

FCf  - manufacturing capacity in hours of facility f  

RFCf - remanufacturing capacity in hours of facility f  

DCd  - maximum capacity of distributor d 

ACa - capacity of disassembly a 

PCp - capacity of disposal p  

Mc- material cost per unit supplied by supplier s  

cf- manufacturing cost per unit manufactured by facility f  

cr- remanufacturing cost per unit remanufactured by facility f  

ca- analysis cost per unit at analysis centre a 

cp - disposal cost per unit disposed by disposal location p 

RNcf- non utilized remanufacturing cost per hour of facility f 

Fhf- manufacturing time per unit in hours at facility f 

RFhf- remanufacturing time per unit in hours at facility f 

DHd- holding cost per unit per period at distributor d 

Bs, Bf, Bd, Ba, Bc: batch size from supplier s, facility f, distributor d, disassembly a, and, customer c 
respectively 

Tc: transportation cost per unit per kilometre 

RR: return ratio at the first (primary) customers 

Rm: remanufacturing ratio 

Rp: disposal ratio 

R: number of returned products 

q: percentage of returned products used for remanufacturing 

p:the percentage of the cost of raw materials required to produce new items 

Li= ൜
1 

 0   
if location i is open

otherwise
 

Lij= ቄ
 1  
0  

if a transportation link is established between any locations i and j

otherwise
 

Qij- flow of batches from location i to location j  

Rd- residual inventory of the distributor d 

1)  Objective function:  The total cost is sum of the various costs in the supply chain network which is 
explained. 

Total cost = fixed cost + material cost + manufacturing cost + remanufacturing cost + disposal cost + 
transportation cost + inventory holding cost 

Fixed costs = Fs . Ls +Ff  . Ff+Fd . Ld +Fa  .  La+Fp .  Lp 

Material cost=Qsf . Bs .Mc=ሺD-q.RሻMc 

Manufacturing cost = Qfd  . Bf . cf=ሺD-q.Rሻcf 

Purchasing cost = Qca . Bc  . Pc=R . p . Mc 
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Analysis cost =Qca . Bc  . ca  =R . ca 

Remanufacturing cost = Qaf . Ba . cr=q . R . cr 

Disposal cost = Qap  . Ba . cp=ሺ1-qሻ . R . cp 

Transportation cost = Qsf . Bs. Tc. DSsf+Qfd .Bf.Tc . DSfd+Qaf . Ba. Tc. DSaf+Qap .Ba . Tc. DSap 

ൌ ሺሺD െ q. RሻSୱ  D . Sୢ  q . R . Sୟ  ሺ1 െ qሻR . Sୟ୮ሻTୡ 

Inventory holding cost = Rd . DHd 

2)  Constrains: The problem constrains are formulated as balance and capacity as given below and also 
explained. 

Balance constraints 

∑Qsf . Bs+∑Qaf . Ba=∑Qfd  . Bf       (1) 

∑Qfd . Bf+Rd(t-1)=Rdt+∑Qdc  . Bd       (2) 

∑Qdc .  Bd≤ Dc +Dc(t-1)-∑Qdc൫t-1൯ .  Bd       (3) 

∑ܳ . ܤ   ሺ∑ܳௗ .  ௗሻ ܴܴ         (4)ܤ

∑ܳ . ܤ ൌ  ∑ܳ . ܤ  ∑ܳ .         (5)ܤ

∑ܳ . . ܤ ܴ ൌ  ∑ܳ .          (6)ܤ

∑ܳ  . . ܤ ܴௗ ൌ  ∑ܳ .          (7)ܤ

Capacity constraints 

∑ܳ௦ . ௦ܤ   . ௦ܥܵ  ௦         (8)ܮ

∑ܳௗ . ܤ   . ܨ           (9)ܮ

∑ܳௗ . ܤ  ܴௗሺ௧ିଵሻ   ௗ        (10)ܦ

∑ܳ . ܤ  ܳ . ܤ           (11)ܥܣ

∑ܳ . ܤ            (12)ܥܲ 

Constraint (1) insures that flow entering each facility from suppliers and analysis centres is equal to the flow 
exiting to the distributors. Constraint (2) insures that the sum of the flow entering distributor from facility and 
residual inventory from previous period is equal to the exit flow to customers and residual inventory of the 
current period. Constraint (3) insures that flow entering to each customer does not exceed the sum of the 
existing period demand and previous accumulated back orders. Constraint (4) insures that the flow exiting from 
customer to analysis centres does not exceed the sum of entry to each customer. Constraint (5) insures that the 
flow entering analysis centres from customers is equal to sum of the flow exiting to facility for remanufacturing 
and to disposal unit for disposal. Constraint (6) insures that the flow exiting from analysis centres to facilities for 
remanufacturing is equal to the flow entering the analysis centres from customers multiplied by remanufacturing 
ratio. Constraint (7) insures that the flow exiting from analysis centres to disposal locations for disposal is equal 
to the flow entering the analysis centres from customers multiplied by disposal ratio. Constraint (8) insures that 
the flow exiting from supplier to facilities does not exceed the supplier capacity. Constraint (9) insures that the 
flow exiting from facilities to distributors does not exceed the facility capacity. Constraint (10) insures that the 
sum of the residual inventory at the distributor from the previous period and the flow entering at the existing 
period from the facilities does not exceed the distributor capacity. Constraint (11) insures that the sum of the 
flow exiting from analysis centres to all facilities and disposal locations does not exceed the analysis centre 
capacity. Constraint (12) insures that the flow entering into each disposal location from analysis centres does not 
exceed the disposing capacity. 

III. SOLUTION APPROACH  

Particle swarm optimization (PSO) is a search algorithm for the best solution by scientific simulating the 
behavior of bird swarms for feeding [12]. The PSO algorithm starts with initial population solutions and search 
for the optimal solution by the updating of generations [13]. The formulated mathematical model is solved using 
proposed particle swarm optimization method. The programming code is developed using MATLAB software. 
The following are the steps involved to solve the mathematical model using particle swarm optimization method. 

Step 1: Input the initial particle position and velocity randomly. 

Step 2: Initial population and corresponding costs are generated  

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Siva Prasad Darla / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i6/170906137 Vol 9 No 6 Dec 2017-Jan 2018 4429



Step 3: Local (particle) best (Pkd) and global best (Pgd) are generated depending on the costs involved  

Step 4: Update the local best and global best using particle new position and velocity equations 

 vkd
new = w *vkd + c1 *rand()* ( Pkd – Xkd)+ c2 *rand()* ( Pgd - Xkd) 

               xkd
new = xkd + vkd

new 

where c1, c2 are the acceleration constants , rand() is a random number [0, 1], vkd and xkdrefers 
to the current velocity and position of particle k in the group d respectively, w is inertia weight, Pkd 
is local (particle) best position in search process for particle k and Pgd is global best position in 
search process for particle k.  

Step 5: This process is carried out for the given number of iterations  

Step 6: Results are displayed showing the best particles with lowest cost 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 shows the flow chart of solving the problem using PSO algorithm. The explanation is as follows, 
initially all the input parameters like costs, capacities, qualities, distances etc. are given. Initial positions and the 
population are generated randomly. Cost function of each particle is generated. Local best and global best are 
found out from the particles. Velocities of particles is calculated, new particles are generated using the formulas. 
These are further iterated and when the iteration reaches the given termination number, the program terminates 
displaying the optimal results. 

IV. RESULTS AND DISCUSSIONS 

The case study which is used to validate the proposed method has been taken from a small scale 
manufacturing company which deals with jute bags. The following data collected from thecompany: D=120000, 
Fs=150000000, Ff=500000000, Fd=100000000, Fa=150000000, Fp=100000000, cr=24, cp=5, ca=18, Tc=0.01, 
R=36000, cf=60, Mc=32.4, RR=0.3, Ssf=80, Sfd=100, Saf=2, Sap=2, seta=0.0272, seta1=0.7898.  

Eight pairs of chromosomes i.e. eight different values of p (0.25, 0.15, 0.23, 0.29, 0.31, 0.31, 0.29, 0.27) and 
q (0.68, 0.64, 0.63, 0.67, 0.60, 0.79, 0.76, 0.69) have been taken in order to generate the initial population. The 
output generated by solving the mathematical model using particle swarm optimization for the above mentioned 
values is as shown in table I. 

Input parameters 

Initialization 

Calculate cost function for particle 

Iteration++ 

Select Particle best and global best 

Update the particle velocity and 
position 

Iteration termination 
condition 

Best Particle 

Yes 

Iteration=1 

No 

Fig.2 Flow chart for proposed algorithm  
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Solving the developed model using particle swarm optimization, a mixed production and remanufacturing 
policy has the lowest cost of Indian Rupees (INR) 10102 lakhs when compared to the cost of a pure production 
system which comes out to be INR 10113.04 lakhs. 

TABLE I.  Input and Output of Network 

p q Cost (INR) 
0.2791 0.7642 1.0105 * 109

0.2199 0.7476 1.0104 * 109 

0.2930 0.7525 1.0105 * 109 

0.3947 0.7861 1.0106 * 109 

0.3124 0.7365 1.0106 * 109 

0.3115 0.8719 1.0102 * 109 

0.2979 0.8244 1.0103 * 109 

0.2880 0.7696 1.0105 * 109 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Cost vs demand with return ratio 

Fig. 4 Cost vs return ratio with demand 
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The cost INR 10102.27 lakhs of a mixed production and remanufacturing strategy is attained when p = 
0.3115 and q = 0.8719. A mixed strategy was found to be optimum as some of the returned items are to be 
remanufactured. Thus a difference of almost 0.109% was found. This reduces the cost by INR 11.04 lakhs when 
compared to the pure manufacturing without remanufacturing. This mixed process is eco-friendly and improves 
the profit. It is clear from the results that with increase in demand the cost is also increasing for varying return 
ratio as shown in Fig. 3. The cost is decreasing with the increase in return ratio for various demand as shown in 
Fig. 4. The cost is high when return ratio is 0 and is constantly decreasing with increase in return ratio for 
various demand of products. The results obtained from particle swarm optimization is compared with genetic 
algorithm for a return ratio of 0.9 (Fig.5) and for a demand rate of 140 units of product (Fig.6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Cost vs return ratio for PSO and GA 

Fig. 5 Cost vs demand for PSO and GA 
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V. CONCLUSION 

In this paper, it is embarked with a concept of remanufacturing in regular forward supply chain and showing 
that manufacturing clubbed with remanufacturing concept is beneficial to both the company and environment. 
The developed mathematical model is solved using particle swarm optimization and compared with genetic 
algorithm. It is observed that the total cost of supply chain with remanufacturing of used product with 
collection/disassembly and disposal facilities is low in particle swarm optimization when compared to genetic 
algorithm. The results are discussed for varying return ratio and different demands of products. This method 
which was proposed is profitable at the same time it reduces pollution caused by the company, keeping it eco-
friendly. This work can be extended for multiproduct and multi-period of closed loop supply chain with 
stochastic demand of products. A future research could be on the integrating inventory and distribution 
management with vehicle routing in closed loop supply chain. 
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