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Abstract — Remanufacturing activities have increased dramatically over the last decade due to the economic and 
environmental dimensions of sustainability. In particular, quality control in production facilities has become a 
strategic issue of key importance affecting the portability of the recycling industry. This paper studies a two-echelon 
closed-loop supply chain and formulate an SD model of quality control and optimization. The remanufacturing 
priority is designed to achieve quality investment decisions for manufacturers and retailers, and use revenue-sharing 
constructs to optimize the processes. The novelty of this paper focuses on using system dynamics method to study 
closed-loop supply chains to achieve quality control. Compared to existing research, this paper deals with product 
quality, service quality, optimization and control of closed loop supply chains. The paper establishes the system 
dynamics model by sensitivity test and extreme conditions test, which better reflect the actual system and satisfy the 
objectives of the study. 
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I. INTRODUCTION 

The remanufacturing process makes the enterprise 
logistics, cash flow and information flow to form closed-loop 
supply chain. Remanufacturing, however, preserves the 
shape and added value of products since the remanufactured 
product should be used for the same purpose it had during its 
original lifecycle. The remanufacturing process preserves 
part of the raw materials and value added to the product 
during its fabrication, allowing companies to increase their 
productivity and profitability. However, it is difficult to 
achieve an integrated and systematic vision of all the issues 
involved in remanufacturing. Remanufacturing is a complex 
business due to the high degree of uncertainty in the 
production process, mainly caused by two factors: the 
quantity and the quality of returned products [1]. In view of 
this, the quality control of remanufacturing priority closed-
loop supply chain research has practical significance. 

   Umut et al.[2] have suggested that the major 
uncertainty of closed-loop supply chain quality back from 
recycling product, but the existing academic literature lack of 
precise definition of the quality of closed-loop supply chain 
and the effect mechanism research of quality on closed-loop, 
so on the basis of the above analysis established a closed-
loop supply chain model to research affect of quality to 
discuss the generating mechanism of closed-loop supply 
chain quality problem. Research results show that the closed 
loop supply chain control framework consider quality factors 
can create better closed-loop supply chain performance. 
Gong et al.[3] studied the integration of 
manufacturing/remanufacturing closed-loop supply chain 

system by price, recovery rate and quality level fuzzy data 
for decision variables discuss the influence on service 
quality, and the total cost of the optimization was carried out. 
ZHU et al.[4] studied how to control the product quality and 
the design quality of the contract when supply chain is in the 
presence of moral hazard. Di et al.[5]have studied the market 
demand is influenced by quality and price under symmetric 
information. Supplier quality cost information is hiding, 
dealers establish buyback contracts based on quality efforts 
to motivate suppliers choose the optimal quality effort level 
to maximize its own profit, at the same time maximize 
supply chain profit. Kogan et al.[6]have studied the 
consistency of secondary supply chain quality, and used the 
wholesale price contract and revenue sharing contract to 
coordinate under the condition of cooperative and non-
cooperative. The results show that the revenue sharing 
contract can motivate manufacturers and suppliers improve 
quality effectively. Domestic scholars Zhiqiang Huang et 
al.[7]have studied how the quality level and price effect the 
operation of closed-loop supply chain, and designed the 
optimal operation strategy of closed loop supply chain when 
the quality level changes. Qiang Shen et al.[8] designed 
external loss-sharing and internal punishment quality 
contract to coordinate on the premise of bilateral moral 
hazard, the results show that a contract fairness is the 
premise to realize product quality coordination. LKe Li et 
al.[9]have discussed a two-echelon supply chain quality 
contract design problem under risk aversion, as product 
quality level of an important indicator to supply chain profit, 
and on this basis provide reference to the supply chain 
members when making a contract. Combing the literature 
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found that the scholars have made fruitful researches in the 
closed-loop supply chain quality control and mainly for 
product quality control, however, looked from the overall, 
there is still many problems such a weak theoretical 
foundation, a single research method and lack of empirical 
test and so on. In this paper, on the basis of existing research, 
we use system dynamics simulation to research the 
manufactured quality, remanufactured quality, and service 
quality control problem of closed-loop supply chain. 

II. MATERIAL AND METHODS 

A.  Hypotheses and the structural framework 

1) Hypotheses 
a. Remanufacturing priority. Manufacturer preferred 

supplying customer demand by remanufacturing, others 
supplying with manufacturing. 

b. The member nearby the terminal consumer market 
responsible for recycling main have the lowest cost, 
therefore, his paper study a two-echelon closed-loop supply 
chain, "Manufacturer-Retailer", which is dominated and 
recycled by retailer. 

c. Assumed that the raw materials of remanufactured 
procurement cost (that is, the recycling inputs of used 
product ) and remanufacturing costs are less than the cost of 
manufactured. 

d. The performance and quality of the remanufacturing 
products are similar to the new products. according to EPR, 
manufacturer pay retailer the cost of transfer payment. There 
is no difference in the new product and remanufacturing 
product pricing. 

e. Upstream node of closed-loop supply chain forecasts 
production or ordering quantity according to the demand of 
downstream, that is to say retailer forecasts and makes 
decisions of the ordering quantity from the manufacturer 
through analyzing the historical data of the customer 
requirements, at the same time, manufacturer forecasts and 
makes decisions of production rate through analysis of 
retailer’ ordering data.  

f. Manufacturer production capacity can meet all 
customer demand, and does not consider the loss of out of 
stock. 
2) Structural Framework 

The two-echelon closed-loop supply chain is a dynamic 
system which consists of input, the conversion of production 

process and output. The input main consists of manufacturer 
production decisions, retailer selling decisions, cash flow, 
logistics and information flow. The output main consists of 
the quality of new product and remanufactured, service 
quality, customer demand, manufacturer and retailer profit. 

For deeper research system input through the production 
process impact on the output, divided the model into two 
subsystems, show in Fig.(1).By analyzing the manufacturer 
production decision subsystem, the paper studies the 
formation process of the product quality and its impact on 
customer demand. By analyzing the retailer selling decision 
subsystem, studies the formation process of the service 
quality and its impact on customer demand. At last, analyzed 
customer demand change which is caused of quality change 
impact on the node enterprises of closed-loop supply chain, 
so that study the quality control of closed-loop supply chain. 

    

 
Figure 1. Relationships of remanufacturing priority closed-loop supply 

chain quality control subsystem. 
 

B. System Dynamics model 

The paper use VENSIM PLE to set model and emulate. 
System Dynamics can predict higher order complex time-
varying systems of nonlinear and time-delay applicate 
qualitative and quantitative to solve the social, economic and 
other complex large system problems. VENSIM simulation 
software is an important part of System Dynamics, so the 
paper use VENSIM PLE to meet the needs of this study. The 
flow chart as Fig. (2): 
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Figure 2. Flow chart. 

Note: M (manufacturer); R (Retailer); MR (manufacturer remanufacturing); MN (manufacturer non-manufacturing). 

 

C. Important equations design and illustration 

1) Process quality level 
According to literature[10],Capability Index of 

Process(Cp) can measure process quality assurance ability 

indirectly, it is a measurement to the degree of production 

process ability meet production requirements, the higher of 

Cp, the stronger production assurance capacity is, the same 

time, the higher process quality level is. Generally， the 

quality of raw materials is the important part of process 

quality, it’s follow Gaussian distributions N(µ，σ2)，µ is 

mean, σ is Standard deviation, µ and σ can obtain by 

sampling inspection, its fluctuations reflect the supplier raw 

materials quality. So the paper use Cp to measure the level 

of process quality also raw materials quality, the equations 

as follows: Cp=T/6σ, it’s observed that the more little of σ, 

the greater of T and process quality level. Work in concert 

with manufactured process quality and remanufactured 

process quality as follows: 

manufactured process quality=T1/6σ1; 

remanufactured process quality=T2/6σ2; 
2) Product Quality Level 
According to literature[11],the quality of industries usually 
determined by production sectors and selling sectors. 
Production sectors effect product quality main through skill 
level and productivity level, so the paper set product quality 
as a nonlinear function of process quality and unit 
manufacturing investment，use table function expression in 
VENSIM PLE. The equations as follows: 

Manufactured Product Quality Level=WITH 

LOCKUP(Manufactured Process Quality, M Unit 

Manufacturing Investment, ([ (0,0)-(10,1000)]), (0,0) ), 

(2.38532,44.7368), (3.0581,53.5088), (3.94495,61.8421), 

(4.49541,65.3509), (5.65749,74.1228), (6.69725,80.2632), 

(7.49235,83.7719), (7.95107,85.9649), (8.7156,87.2807), 

(9.66361,88.5965) ) 

Remanufactured Product Quality Level=WITH 

LOCKUP(Remanufactured Process Quality, M Unit 

Remanufacturing Investment([(0,0)-(10,1000)]), (0,0)), 

(2.17125,40.3509), (3.11927,50), (3.88379,59.6491), 
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(4.64832, 66.2281), (5.44343, 72.3684), (5.9633,76.7544), 

(6.36086,82.0175), (7.03364,85.0877), (7.98165,91.2281), 

(8.74618,92.9825) ) 
3) Service Quality Level 

Normally, the selling sectors investment of retails can 

effect the degree of service quality directly, so the paper set 

service quality as a table function of unit selling investment: 

Service Quality Level=WITH LOCKUP(R Unit Selling 

Investment,([(0, 0)-(1, 100)], (0,0), (0.0458716, 15.3509), 

(0.140673, 37.7193), (0.253823, 59.2105), (0.35474, 

70.1754), (0.45, 78.94)). 

D.  Common variables and parameters 

1) Designing of some state variable equations 

M Inventory=INTEG(M Remanufacturing Rate+M 

Manufacturing Rate-R Ordering Rate,0); 

R Inventory=INTEG(R Ordering Rate-R Selling Rate,0); 

R Recycling Inventory=INTEG(Recycling Rate-M 

Remanufacturing Rate,0); 

2) Designing of rate variable equations 

M Manufacturing Rate=DELAY1(MN Ordering Rate, 

M Manufacturing Delay); 

M Remanufacturing Rate=DELAY1 (MIN(R Recycling 

Inventory, MR Ordering Rate), M Remanufacturing Delay); 

R Ordering Rate=DELAY1 (MIN(M Inventory, R 

Acquisition Suppling),M Transportation Delay); 

R Selling Rate=DELAY1 (MIN (Customer Demand, R 

Inventory), R Sell Delay); 

Recycling Rate=DELAY1 (MIN(R Inventory 

Adjustment Rate1, R Recycling Ratio*Used Product), R 

Recycling Delay). 

3)  Designing of some auxiliary variable equations 

Customer Demand=Market Size-a*Market 

Price+b*Product Quality Level+c*Service Quality Level; 

Market Size=RANDOM UNIFORM(400,600,3); 

Average Customer Demand=SMOOTH(Customer 

Demand, Demand Smooth); 

R Acquisition Inventory=Average Customer Demand*R 

Safe Stock Cover Time; 

R recycling Acquisition Inventory=MR Ordering 

Rate*R Safe Stock Cover Time1; 

R Inventory Gap=MAX(R Acquisition Inventory-R 

Inventory,0) 

R Inventory Adjustment Rate=R Inventory Gap/R 

Inventory Adjustment Period 

M Acquisition Inventory=M Safe Stock Cover Time*R 

Average Acquisition Manufacturing 

MN Ordering Rate=MAX(M Practical Ordering Rate-

MR Ordering Rate,0) 

MR Ordering Rate=MIN(M Practical Ordering Rate, R 

Average Acquisition Manufacturing) 

Used Product=DELAY3(R Selling Rate, Average 

Lifetime ) 
4)  Parameter Setting 

Some parameters set as table 1: 

TABLE I PARAMETER SETTING 

Constant Numerical Constant Numerical 

M Manufacturing Delay 5 R Sell Delay 1 

M Remanufacturing Delay 5 R Recycling Delay 1 

M Transportation Delay 2 R Inventory Adjustment Period 5 

M Inventory Adjustment 
Period 

5 
R recycling Price 

1 

M Unit Recycling Investment 2 R Unit Ordering Investment 23 

M Safe Stock Cover Time 8 R Safe Stock Cover Time 8 

a 10 Demand Smooth 1 

b 20 Average Lifetime 50 

c 20 Market Price 100 

Note:All variables in model set as Units Dmnl.
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III. NUMERICAL EXAMPLES 

  Simulation setting as: INITIAL TIME=0;FINAL 
TIME=300;TIME STEP=1,mean the simulation cycle is 
300,the step is 1.According to the result of the model test, 
the extreme conditions and sensitivity test are ok. It says 
that the model can effectively reflect the features of the 
actual system. In-depth studies on the Systematic Dynamic 
model and simulation for quality control and optimization of 
closed-loop supply chain with remanufacturing priority 
model. 

A. Results and discussions of retailers recycling 
decisions 

When the quality of the product must be remain and on 
the premise of meet the customer demand, customer demand 
supplied by manufacturers remanufacturing first, others 
supplied by manufacturing., Retailers profit as fig.(3) 
shows when the recycling ratio are 0.2,0 and 0.8 that R 
profit is increasing when recycling ratio raising. So retailer 
can enhance recycling ratio to perform corporate 
responsibility and enhance revenues. 

 

 
Figure 3. R Profit of different recycling ratio. 

 

B. Results and discussions of manufacturers’ quality 
investment decisions 

1) Analyze to quality in different σ 
Supplier can obtain σ and T by sampling, manufactured 

product quality level and remanufactured product quality 
level as Fig.4 when σ1 are 1.5,3.5 and 5.The changing of 
customer demand, M Manufacturing Rate and each 
members’ profit show in Fig.(5),Fig.(6),Fig.(7) and Fig.(8). 
The figure shows that product quality would be higher also 
of manufactured product when σ1 which the smaller 
fluctuations of raw materials’ quality is smaller. The same 
time customer demand and M Remanufacturing Rate 
would increase with the decreasing of σ1 but M 
Manufacturing Rate have a fluctuation in the early and to 

be steady in later period, overall showed a trend of decrease. 
The profit of each member had a significance enhancement. 
Causes of changing is the remanufacturing priority, 
remanufacturing cost is lower than the cost of 
manufacturing and the decrease of σ1 make product quality 
improvement, so that increased customer demand and the 
profit of each members increased.  

 
Figure 4. Changement of product quality. 

 

 
Figure 5. Changement of customer demand. 

 

 
Figure 6. Changement of M Reanufacturing Rate. 
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Figure 7. Changement of M Manufacturing Rate. 

 

 
     

 
Figure 8. Profit changing of each members. 

 
 

2) Analyze to quality in different manufactured 
investment 

Manufacturer can make technological innovations in 
the production process to improve the technical so as to 
select different level of production. Changing of product 

quality, ordering rate and profit of each members show in 
figure 9,10,11,12 and 13 when M Unit Manufacturing 
Investment are 2,4 and 6.Simulation results show that 
product quality in the continuous improvement with M Unit 
Manufacturing Investment increasing, meanwhile 
ordering rate of R and M have a great fluctuation in the 
early and to be steady in later period, this is because of 
the Bull-whip effect of Closed-Loop Supply Chain. In the 
meantime, R Profit has a significance enhancement with the 
improvement of product quality, however, M Profit 
indicates minimum when M Unit Manufacturing 
Investment is 8.Therefore,M can increase the investment of 
production process to improve quality level, but more 
investment will make the production costs too high and lead 
to profits reducing, so manufacturing investment should be 
moderate. 

   

 
Figure 9. Changement of product quality. 

 

 
Figure 9. Changement of R Ordering Rate. 
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Figure 11. Changement of M Pratical Ordering Rate. 

 

 
Figure 12. Changement of R Profit. 

 

 
Figure 13. Changement of M Profit. 

 

C. Results and discussions of retailers’ quality 
investment decisions 

Service Quality main determined by service investment 
of retailer, changing of service quality, customer demand 
and profit of each members show in figure 14,15,16 when R 
Unit Selling Investment are 0.1,0.3 and 0.6.Simulation 
results show that service quality as customer demand have a 
same change trend with the changing of R Unit Selling 
Investment, and the profit of each members also increased, 
therefore, retailers can increase investment in service 
process to improve the service quality so as to achieve the 
aim of increasing profit. 

 

 
Figure 14. Changement of service quality. 

 

 
Figure 15. Changement of customer demand. 
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Figure 16. Profit changement of each members . 

 

D. Results and discussions of quality control and 
optimization  

Retailer coordinate with revenue-sharing contract to 
incentive manufacturer improvement product quality, 
promised returning profit at a certain ratio n to manufacturer 
when manufacturer improvement quality. The change of 
each members in different revenue-sharing ratio, retailer and 
manufacturer quality improvement show in figure 17,table 3 
is the investment of quality improvement. 

 
 

 

Figure 17. Profit changement of each members  

TABLE II INVESTMENT OF QUALITY IMPROVEMENT 

Investment parameter 
Original 

investment 
n1 n2 n3

M Unit Manufacturing Investment 2 2 4 4 

M Unit Remanufacturing Investment 1.5 1.5 2 2 

R Unit Selling Investment 0.1 0.4 0.4 0.4

n 0 0 0.05 0.1

 
Simulation results show that product and service quality 

will be improved when the retailer and manufacturer 
improvement quality at the same time, the profit of each 
members will have a significant increasing. When retailer 
promises revenue-sharing, M profit is significantly higher 
when manufacturer commitment to quality improvement, 
therefore, Manufacturer’s optimal decision is commitment 
to quality improvement. 

IV. CONCLUSIONS 

  Firstly, the paper builds a quality control system 
dynamics model of Closed-Loop Supply Chain with 
remanufacturing priority, simulation results show that the 
higher of R Recycling Ratio, the higher of the income is. 
Manufacturer’s optimal decisions are increasing the 
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investment of production process and a high level of raw 
materials quality to improve quality level commitment to 
quality improvement, the profit is significantly higher when 
manufacturer commitment to quality improvement, retailer 
can improve service quality through increased input of 
selling process, it’s can effectively improve each members’ 
profit. And then the paper optimize the quality of closed-
loop supply chain, simulation results show that retailer can 
incentive manufacturer improvement product quality by 
revenue-sharing contract ,ultimately achieve the goal of 
closed-loop supply chain quality control and enhance the 
profit of each members. 
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