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Introduction
With the increased environmental concerns and stringent 

environmental laws, reverse logistics have received growing attention 
throughout this decade. Reverse logistics can be defined as the logistics 
activities all the way from used products no longer required by the 
customer to products again usable in the market. The members of 
the European Union (EU), for instance, have committed themselves 
to develop, implement and enforce legislation that makes producers 
responsible for the collection, treatment, recycling and environmentally 
safe disposal of all electrical and electronic equipment [1]. Among those, 
a group of companies has gone further and achieved economic gains 
from the adoption of environment-friendly logistic networks. IBM, for 
instance, has profited from its programs to receive end-of-use products, 
promote second hand items internet auctions and dismantle equipment 
as a source of spare parts [2]. According to the findings of Rogers and 
Tibben-Lembke [3], the total logistics cost amounted to $862 billion 
in 1997 and the total cost spent in reverse logistics is enormous that 
amounted to approximately $35 billion which is around 4% of the total 
logistics cost in the same year. The concerns about energy saving, green 
legislation and the rise of electronic retaining are increasing.

Although most companies realize that the total processing cost 
of returned products is higher than the total manufacturing cost, 
it is found that strategic collections of returned products can lead to 
repetitive purchases and reduce the risk of fluctuating the material 
demand and cost. Implementation of reverse logistics especially in 
product returns would allow not only for savings in inventory carrying 
cost, transportation cost, and waste disposal cost due to returned 
products, but also for the improvement of customer loyalty and future 
sales. In a broader sense, reverse logistics refers to the distribution 
activities involved in product returns, source reduction, conservation, 
recycling, substitution, reuse, disposal, refurbishment, repair and 
remanufacturing [4].

Reverse logistics can be categorized various types according to 
the product recovery option. Thierry et al. [5], suggested various 
product recovery options as direct reuse, resale, repair, refurbishing, 
remanufacturing, cannibalization, and recycling. Also, these options 

are to be reclassified into three broad categories such as reuse, recycling, 
and remanufacturing. In reuse, the returned product can be used more 
than once in the same form after cleaning or reprocessing. On the 
other hand, recycling denotes material recovery without conserving 
any product structure. Finally, remanufacturing is an industrial process 
in which worn-out products are restored to like-new condition. 
Concerning reverse logistics, a lot of researches have been made on 
various fields and subjects such as reuse, recycling, remanufacturing 
logistics etc. In this paper, we propose a framework and a mathematical 
model for costs in a multilayer multi product in the reverse supply 
chain system.

This paper is organized as follows: In the next section, we introduce 
some key literatures relevant to this study. A general framework and 
problem definition for reverse supply chain, the mathematical model 
of the reverse supply chain and numerical experiments are presented 
in the following sections. Finally conclusions and further researches are 
addressed in the last section

Related Literature
For the last decade, increasing concerns over environmental 

degradation and increased opportunities for cost savings or revenues 
from returned products prompted some researchers to formulate more 
effective reverse logistics strategies. A good overview of quantitative 
models for recovery production planning and inventory control is 
given by Fleischmann et al. [6]. They survey the recently emerged field 
of reverse logistics and subdivide the field into three main areas, namely 
distribution planning, inventory control, and production planning. 
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And they point out the lack of a general framework and mathematical 
model for the reverse logistics environment. Der Laan and Salomon 
[7] propose a hybrid manufacturing/remanufacturing system with 
stocking points for serviceable and remanufacture able products, which 
will be a part of our framework.

Jayaraman et al. [8] propose a general mixed-integer programming 
model and solution procedure for a reverse distribution problem focused 
on the strategic level. The model decides whether each remanufacturing 
facility is open considering the product return flow. In reuse logistics 
models, Kroon and Vrijens [9] reported a case study concerning the 
design of a logistics system for reusable transportation packages. The 
authors proposed a MIP (mixed integer programming), closely related 
to a classical un-capacitated warehouse location model. In recycling 
models, Barros et al. [10] proposed a mixed integer program model 
considered two-echelon location problems with capacity constraints 
based on a multi-level capacitated warehouse location problem. Pati 
et al. [11], they developed an approach based on a mixed integer goal 
programming model (MIGP) to solve the problem. The model studies 
the interrelationship between multiple objectives of a recycled paper 
distribution network. The objectives considered are reduction in 
reverse logistics cost.

In remanufacturing models, Kim et al. [12] discussed a notion of 
remanufacturing systems in the reverse logistics environment. They 
proposed a general framework in view of supply planning and developed 
a mathematical model to optimize the supply planning function. The 
model determines the quantity of products parts processed in the 
remanufacturing facilities subcontractors and the amount of parts 
purchased from the external suppliers while maximizing the total 
remanufacturing cost saving. Aras et al. [13] develop a non-linear 
model and tabu search solution approach for determining the locations 
of collection centers and the optimal purchase price of used products in 
simple profit maximizing reverse logistics network. Du and Evans [14] 
minimize tardiness and total costs for location and capacity decisions 
in closed-loop logistics network operated by third party logistics (3PL) 
providers. To solve the bi-objective MILP model, a hybrid scatter search 

method is developed. Also Ko and Evans [15] consider a network 
operated by a 3PL service provider and they present a MINLP model 
for the simultaneous design of the forward and return network. They 
develop a genetic algorithm-based heuristic to solve the complex 
Developed model.

Finally, Lee and Dong [16] develop an MILP model for integrated 
logistics network design for end-of-lease computer products. They 
consider a simple network with a single production center and a given 
number of hybrid distribution-collection facilities to be opened which 
they solve using tabu search. However, all of researches are found for 
some cost in reverse logistics. Our study focuses on a general framework 
and state total cost in reverse supply chain. 

This paper proposes multi layers, multi products reverse supply 
chain problem which consists of; returning center, disassembly center, 
processing center, manufacturing center, recycling center, material 
center and distribution center which consider the minimizing of total 
costs in reverse supply chain for returned products.

Problem Definition
The reverse supply chain under study is multi-layer, multi-product. 

In the designed (planned) model, the returned products after collecting 
and inspecting divides into two groups of disassembling and not 
disassembling products. The products which can be taken parted to 
the parts will be sent to the disassembling centers and there, they will 
convert to the parts. There they divide into reusable and not reusable 
parts. The not reusable parts will rebut safely and the reusable parts 
will be sent to the processing center. In the remanufacturing process, 
according to the production center’s demand, the parts which can be 
used again, after processing center will be sent to the remanufacturing 
center and after compounding with the other parts will be changed into 
new products and can return to the distribution chain. In the recycling 
process according to the recycling center’s demand the disassembled 
parts (which can recover again) right after disassembling centers will be 
sent to the recycling centers for the purpose of producing the secondary 
materials. The configuration is shown in figure 1.
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Figure 1: Framework for reverse supply chain.
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Purpose

In this paper the reverse supply chain model has been considered 
for returned products with the purpose of minimizing the reverse 
supply chain costs.

•	 The quantity of return, disassembling, processing, 
manufacturing, recycling, material and distribution centers are 
determined.

•	 Some parts will be transported straightly from disassembling 
centers to the recycling centers.

Indices, parameters and decision variables

Indices:

i: index of returning centers

j: index of disassembly centers

k: index of processing center

f: index of manufacturing center

r: index of recycling center

w : index of material

p: index of products

m: index of parts

l: index of distribution centers

c: index of distribution centers

Parameters:

aip: the capacity of returning center i for product p

bjm: the capacity of disassembly center j for parts m

ukm: the capacity of processing center k for part m

Dream: the capacity of the recycling center is for part m

hfm: the capacity of production center f for parts m

Elm: the capacity of distribution center l for part m

DMfm: the manufacturing center’s demand f for part m

DRCMrm: the recycling center’s demand r for part m

DDlm: the distribution center’s demand l for part m

DCcm: the client’s demand c for part m

DMAwm: the material center’s demand w for part m

nmp: the produced part’s amount m from disassembling one product p.

CSRDijp: unit cost of transportation from returning center I to 
disassembly center j for product p

CSDPjkm: unit cost of transportation from disassembly center j into 
processing center k for part m

CSDRCjrm: unit cost of transportation from disassembly center j 
into the recycling center r for part m

CSPMkfm: unit cost of transportation from processing center k into 
the manufacturing center f for part m

CSPRCkrm: unit cost of transportation from processing center into 

the recycling center r for part m

CSRCMrwm: unit cost of transportation from recycling center are in 
the material center w for part m

CSPDCflm: unit cost of transportation from manufacturing center f 
into the distribution center l for part m

CSDClcm: unit cost of transportation from distribution center l into 
the clients c for part m

FOCDjm: the fixed opening cost for disassembly center j for part m

FOCPkm: the fixed opening cost for processing center k , for part m

FOCRip: the fixed opening cost for returning centers I for product p

FOCRCrm: the fixed opening cost for recycling centers r for part m

RMCfm: unit cost of remanufacturing in manufacturing center f for 
part m

ICip: unit cost of maintaining in returning center I for product p

OCDjm: unit cost of operations in disassembly center j for part m

OCPkm: unit cost of operations in processing center k part m

OCRCrm: unit cost of operations in recycling center r part m

NRSmin: the minimum amount of returning center for opening and 
operations

NRSmax: the maximum amount of returning centers for operations 
and opening

NDSmin: the minimum amount of disassembling centers for opening 
and operations

NDSmax: the maximum quantity of disassembling centers for 
opening and operations

NPSmin: the minimum amount of processing centers for opening 
and operations

NPSmax: the maximum amount of processing centers for opening 
and operations

NRCSmin: the minimum amount of recycling centers for opening 
and operations

NRCSmax: the maximum amount of recycling centers for opening 
and operations

Decision variables:

ϕijp: amount shipped from returning center I to disassembling 
center j for product p

Gjkm: amount shipped from disassembly center j into the processing 
center k for part m

Ojrm: amount shipped from disassembly center j into the recycling 
center r for part m

Qkfm: amount shipped from the processing center into the 
manufacturing center f for part m

Skrm: amount shipped from processing center k into the recycling 
center r for part m

ρrwm: amount shipped from recycling center r into the material 
center w for part m



Citation: Mahmoudi H, Fazlollahtabar H, Mahdavi I (2013) Mathematical Modeling for Minimizing Costs in a Multilayer Multi-Product Reverse Supply 
Chain. Ind Eng Manage 1: 105. doi:10.4172/2169-0316.1000105

Page 4 of 6

Volume 2 • Issue 2 • 1000105
Ind Eng Manage
ISSN: 2169-0316, IEM an open access journal 

Tflm: amount shipped from manufacturing center f into the 
distribution center l for part m

Vlcm: amount shipped from distribution center l into the clients c 
for part m

αjm: if the disassembly center j is open for part m ,1or otherwise 0

βkm: if processing center k is open for part m 1 or otherwise 0

γip: if the collecting center j is open for product p, 1 or otherwise 0

λrm: if recovery center r is open for part m , 1 or otherwise 0

µfm: the part’s flow amount m in manufacturing center f

Xip: the product’s flow amount p in returning center i

Yjm: the part’s flow amount m in disassembly j

θkm: the part’s flow amount m in processing center k

τrm: the part’s flow amount m in processing center k

Mathematical Formulation 
The formulation of the mathematical model is given below:
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Objective function:

We want to demonstrate a model in reverse supply chain in a way 
to minimize the chain costs. We should introduce a model which 
minimizes the transportation cost of products and parts between 
centers and at the same time minimizes the fixed opening cost of 
sites and the operation’s cost of parts and supply maintenance costs 
and remanufacturing costs. By attention to the definition of Indices, 
parameters and Decision variables; the objective function will be 
defined , which consists of : minimizing the costs of transportation of 
products and parts, the fixed opening cost of centers and operations 
costs on parts and the supply maintenance costs, remanufacturing costs 
in reverse supply chain (Equation 1).

Constraints:

(2) These constraints are decelerating that the amount of shipping 
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products from any returning center (if it is open) into the 
disassembly center for each product should be equal or smaller 
than the capacity of that returning center.

(3) This constraint is stating that the amount of products which will 
be collected in the returning center should be equal or smaller 
than the capacity of that returning center.

(4) and (5) These constraints are stating that the amount of sent 
parts from any disassembly centers and recycling centers should 
be equal or smaller than the capacity of the same disassembly 
center for each part.

(6) This constraint is stating that the amount of a part which is 
in the disassembly center should be equal or smaller than the 
capacity of the same disassembly center.

(7) and (8) These constraints are stating that the amount of shipping 
parts from any processing centers (if it is opened) into the 
manufacturing centers and recycling centers should be equal 
or smaller than the capacity of the same processing centers for 
each part.

(9) This constraint is stating that the amount of a part which is 
in the processing center should be equal or smaller than the 
capacity of the same processing center.

(10) This constraint is stating that the amount of the parts which 
shipping from any recycling center (if it is open) into the 
material centers should be equal or smaller than the capacity of 
the same recycling for each part.

(11) This constraint states that the amount of sent parts from any 
manufacturing center into the distribution centers should be 
equal or smaller than the capacity of the same manufacturing 
center for each part.

(12) This constraint states that the amount of parts in each 
manufacturing center should be equal or smaller than the 
capacity of the same manufacturing center.

(13) This constraint states that the amount of sent parts from any 
distribution center to the client should be equal or smaller than 
the capacity of the same distribution center for clients.

(14) and (15) States the demand amount of the manufacturing 
center for pets

(16) States the part demand amount of distribution centers.

(17) Indicates the client’s part demand amount.

(18) States the part demand amount of material center.

(19) and (20) States the part demand amount of recycling centers.

 (21) States that the manufacturing center’s demand is for parts 
which are transported from the disassembly center into the 
processing center.

(22) and (23) these constraints are related to the balance of parts 
flow from the disassembly of products.

(24), (25), (26), (27) these constraints are stating that the min and 
max index amount of returning, disassembling, processing and 
recycling centers.

(28) This constraint states that the amount of sent parts from 
manufacturing centers in the distribution center is equal to the 
sent parts from distribution centers into the client.

(29) This constraint states that the amount of sent parts from each 
disassembly center into the processing and recycling centers 
should be equal or smaller than the parts amount in that 
disassembly center.

(30) These constraint states that the amount of sent products from 
each returning center into the disassembly, processing centers, 
should be equal or smaller than the product’s amount in that 
returning center.

(31) These constraint states that the amount of sent parts from each 
of the processing centers into the manufacturing and recycling 
centers should be equal or smaller than the flow amount of 
parts in that processing center.

(32) This constraint states that the sent parts amount from any 
recycling center into the material centers should be equal or 
smaller than the parts amount in that recycling center.

(33) This constraint states that the sent parts amount from any 
manufacturing center into the distribution centers should 
be equal or smaller than the parts flow amount in that 
manufacturing center.

(34) And (35) Enforce the binary and non- negativity restrictions 
on the corresponding decision variables.

Numerical Experiment
We solved the presented mathematic model by using Lingo 9, 

which is an operation research software. In this multi layer and multi 
product model, we are attempting to minimize the costs of fixed 
opening facilities, transportation and shipping of products and parts 
between centers and also the operations, supply maintenance and 
remanufacturing costs, and also the product amount and sending parts 
into the centers and the amount of it would be calculated. To analyze 
the suggested model we create a numerical example in small size and 
then solves the created example by lingo software.

In small size we consider the index quantities as variables between 
3to5 to solve the problem, so we replace the inputs of problem in the 
model and by using the lingo we will solve the problem and finally; 
the model solving outputs and the objective function amount and the 
implementation time of it would be demonstrated.

By attention to the inputs of the model and solving it, the outputs of 
the model and objective function amount and the implementation time 
has been obtained which are as follows:

The obtained objective function is 29653.20 which obtained in zero 
time. All the variables which were not zero 0 quantities are shown in 
table 1.

After solving the model we will find out that the decision variable 
α(1,2) gained 1quantity. This means that the disassembly center 1 
should be opened for part2. The decision variable λ(3,2) obtained 1, 
means that the recycling center 3 would be opened for part 2. Generally 
when the decision variables αjm, βkm, γip, λrm gained 1, it indicates that 
the considered center to that decision variable will be opened for that 
part or product.

The decision variable Q (1,4,2) is considered 5. This means that 
the amount of part 2 from processing center 1 into the manufacturing 
center 4 is 5. The decision variable τ (2,3) got 15 , it means that the 
amount of part 3 in recycling center 2 is 15. ρ (3,2,2) 8=means that the 
amount of part 2 from recycling center 3 into the material center 2 is 8.
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Conclusion
In this paper, a reverse supply chain was considered is minimizing 

the total cost of transport, inspection, remanufacture and maintenance. 
The presented model was an integer linear programming model for 
multi-layer, multi-product reverse supply chain that minimizes the 
products and parts transportation costs among centers and also sites 
launch, operation parts, maintenance and remanufacturing costs at the 
same time. We solved the proposed model using Lingo 9 software.
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ϕ(2,1,4) 1.2 ρ(3,3,2) 14 θ(1,2) 57
ϕ(2,3,2) 0.9 T(1,1,3) 6 θ(2,2) 16
ϕ(3,3,1) 0.9 T(1,2,1) 8 θ(2,3) 63
ϕ(3,3,3) 1.1 T(1,2,3) 13 θ(3,1) 8
G(1,3,2) 62 T(1,3,2) 3 θ(4,2) 20
G(1,4,3) 50 T(2,1,2) 7 θ(4,3) 7
G(2,1,3) 16 T(2,2,3) 17 γ(2,1) 1
G(3,2,1) 59 T(2,3,1) 24 γ(2,2) 1
O(1,1,3) 8 T(2,3,3) 16 γ(2,3) 1
O(1,3,2) 18 T(3,2,1) 8 γ(2,4) 1
O(1,3,3) 4 T(3,2,2) 8 γ(3,1) 1
O(2,2,3) 4 T(4,1,1) 13 (3,2) 1
O(2,3,1) 18 T(4,2,1) 3 γ(3,3) 1
Q(1,1,1) 9 T(4,2,2) 5 γ(3,4) 1
Q(1,1,2) 17 T(5,1,1) 8 X(2,2) 0.87
Q(1,2,1) 18 T(5,1,2) 16 X(2,4) 1.19
Q(1,2,2) 16 T(5,3,3) 17 X(3,1) 0.94
Q(1,3,2) 8 V(1,1,2) 6 X(3,3) 1.09
Q(1,4,1) 16 V(1,1,3) 6 λ(1,1) 1
Q(1,4,2) 5 V(1,2,2) 17 λ(1,2) 1
Q(1,5,1) 8 V(1,3,1) 1 λ(1,3) 1
Q(2,1,3) 19 V(1,4,1) 20 λ(2,1) 1
Q(2,3,3) 14 V(2,1,2) 4 λ(2,2) 1
Q(2,4,3) 9 V(2,2,3) 16 λ(2,3) 1
Q(2,5,2) 16 V(2,3,1) 19 λ(3,1) 1
Q(2,5,3) 17 V(2,4,2) 9 λ(3,2) 1
Q(3,3,1) 8 V(2,4,3) 14 τ(1,1) 32
Q(4,2,3) 7 V(3,1,1) 20 τ(1,2) 20
S(1,1,1) 16 V(3,1,3) 13 τ(1,3) 12
S(1,2,1) 4 V(3,2,1) 4 τ(2,1) 17
S(1,2,2) 11 V(3,3,2) 3 τ(2,2) 11
S(2,1,3) 4 V(3,3,3) 20 τ(2,3) 15
S(4,1,2) 20 α(1,2) 1 τ(3,1) 18
ρ(1,1,1) 1 α(1,3) 1 τ(3,2) 25
ρ(1,1,2) 12 α(2,1) 1 τ(3,3) 4
ρ(1,2,1) 17 α(2,2) 1 µ(1,1) 9
ρ(1,2,3) 6 α(2,3) 1 µ(1,2) 17
ρ(1,4,1) 14 α(3,1) 1 µ(1,3) 19
ρ(1,4,3) 2 Y(1,2) 80 µ(2,1) 24
ρ(1,5,2) 8 Y(1,3) 62 µ(2,2) 16
ρ(1,5,3) 4 Y(2,1) 18 µ(2,3) 33
ρ(2,1,3) 1 Y(2,3) 20 µ(3,1) 8
ρ(2,3,1) 1 Y(3,1) 59 µ(3,2) 8
ρ(2,3,3) 1 β(1,1) 1 µ(3,3) 14
ρ(2,4,2) 4 β(1,2) 1 µ(4,1) 16
ρ(2,5,1) 16 β(2,2) 1 µ(4,2) 5
ρ(2,5,2) 7 β(2,3) 1 µ(4,3) 9
ρ(2,5,3) 13 β(3,1) 1 µ(5,1) 8
ρ(3,1,2) 3 β(4,2) 1 µ(5,2) 16
ρ(3,2,2) 8 β(4,3) 1 µ(5,3) 17

ρ(3,3,1) 18 θ(1,1) 71

Table 1: Numerical results using LINGO 9 Software.
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