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Abstract- Due to the insufficient market information, such as the fuzzy inconformity of environmental protection laws and 
standard, unequal fuzzy remanufacturing capability of green goodwill between enterprises and unbalance fuzzy market share 
of green products, it is difficult to melt down then reuse the recycled material even though the production company is willing 
to produce environmental friendly green products. This paper presents a mixed integral nonlinear programming model of 
multi-echelon green supply chain with integrated fuzzy information to simulate the remanufacturing of recycled green 
products. The quantity of green product with maximal recycling and reuse ratio is solved by using the Genetic Algorithm for 
recycling disassembly resource planning and optimal profit-making of remanufacturing and re-disassembling model. The 
result shows that the green supply chain not only creates the optimal profit from the green gold but also satisfies the 
environmental protection requirement. 
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I. INTRODUCTION 
 
Issues of resources recycling and environmental 
protection have widely regarded due to the global 
man-made destruction and the devastating 
consequence of nature’s revenge. Therefore, 
researchers and scholars from many different 
domains strive for constructing the green supply 
chain and the recycling mechanism of reverse 
logistics for industries by promoting the 
environmental friendly green good, reducing the 
consumption of natural resources, products recycle, 
reuse and products reinvention (van Hoek 2001, 
Mahadevan 2003, Pochampally and Gupta, 2003). 
A simple recycling management processing 
procedure of the green supply chain demonstrated in 
Figure 1 indicates that the material production is 
manufactured based on the recycling process; i.e., the 
strategic recycling structure of green product 
production. 

 

 
Fig.1. Recycling Management Process Procedure of Green 

Supply Chain (Thierry et. al., 1995) 

 
This research is concerning about a certain enterprise 
that planned to produce the green goods, the 
inconsistent factors such as related environmental 
protection laws and regulations it faced, the green 
good will and market share confronted may cause the 
ratio of adopting the composite recycling materials 
subjected to the serious challenge to meet the volatile 
market demand while using the recycling materials in 
enterprise’s capacity requirement planning (CRP); at 
the same time, the difference between the 
disassembling time and assembled rate of recycling 
goods may not satisfy the market demand either.  
Therefore, the research will focus on how to satisfy 
the premised conditions such as purchasing fixed 
quantity of raw materials as well as decision-making 
on the mixed ratio of using recycling materials to 
produce green goods, then construct the optimal 
fuzzy recycle and capacity planning model of the 
green supply chain to meet the market demand and 
acceptance level., Furthermore, based on the 
customer-oriented or market demand level, the model 
is also designed to solve the optimal solution of 
production batch, order quantity, recycling quantity, 
recycling rate and reuse rate to produce the green 
goods that not only satisfying the market demand but 
also environmental friendly attaining the optimal 
reuse and recycle rate of the recycled materials and 
obtaining the optimal profits 
 
II. PROCEDURES OF INTEGRATED GREEN 
SUPPLY CHAIN AND FUZZY RECYCLING 
PRODUCTION PLANNING MODEL 
 
2.1. Modeling Procedures 
The modeling procedures summarized from related 
literatures in this paper are as followings: 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Fuzzy Recycle Planning for the Green Supply Chain Management 
 

151 

Step 1: The purpose of this paper is to optimize the 
profit from selling the green goods from the green 
supply chain based on the profit function developed 
by VLACHOS et. al.(2007) to construct the initial 
production planning model of integrated fuzzy 
recycling green supply chain. But the combination of 
recycled and raw materials is based on the material 
type unlike the semi-finished product combination 
proposed by Pochampally and Gupta (2003). 
 
Step 2:The model uses the assembly rate proposed by 
Beamon (1999) and adds the labor fee per unit 
disassemble time as the disposal method of 
disassembly. 
 
Step 3:The recycling data is based on the 
disassembling rate of recycled goods proposed by 
Zhou and Cote(2004) and follows Poisson 
distribution. 

Step 4: The model uses the interval max0,Capacity  as 
the capacity constraint method for the storage 
capacity of each factory developed by Jayaraman et 
al. (2003). 
 
Step 5:The production operational mechanism of the 
model adopts the unit time variation and minimized 
disposal cost of materials proposed by Huet al.(2002). 
 
Step 6: Construct the CRP model with fuzzy 
recycling policy to enhance the recycling 
performance including recycling rate and reuse rate 
of the supply chain members, conforming with 
environmental protection laws and regulations, 
business goodwill and market acceptable level. 
 
2.2. Problem Formulation 
The model is developed to optimize profit of the 
entire green supply chain, the sale income of 
remanufactured products and non-recyclable waste 
materials to the final wastes secondary recycling 
disposal center deducted by the recycling, 
disassembling, transportation and carrying costs 
through the remanufacturing process. This paper is 
also aimed to adopt the uncertain information of 
production batch defined by Fuzzy theory then 
construct the integrated fuzzy recycling and 
production planning models of the green supply 
chain. 
The objective function of the model is the total sale 

profit �Z  of green goods produced by the integrated 
fuzzy recycling of green supply chain. 

�Z = the sale income of remanufactured green 
goods+ the sale income of non-recyclable secondary 
reused materials-(recycling cost of recycled goods + 
time cost of disassembling recycled goods + 
transportation cost of recycled materials+ inventory 
cost of storing materials + purchasing cost of raw 
materials). 

Since the Linear Duality Theory is not suitable for the 
mixed integer programming question, the process of 
dual conversion will become more complicated and 
convergent rate will also slow down if the question is 
solved by using the Lagrangian relaxation method 
only especially for solving the CRP of multi-echelon 
supply chain problem. However, if the Benders’ 
Decomposition is adopted to simplify the model, the 
convergent rate of optimal solution is much higher. 
According to the green supply chain integrated fuzzy 
recycling and production planning, the model can be 
divided into a two-phased problem by using the 
Benders’ Decomposition. 
 
III. VERIFICATION OF EXPERIMENTAL 
DESIGN FOR INTEGRATED FUZZY 
RECYCLING POLICY OF GREEN SUPPLY 
CHAIN 
 
Based on the concept of Genetic Algorithm, all 
parameters and variables are encoded first; secondly, 
set the objective function as fitness function; thirdly, 
set the gene as binary system. Input control 
parameters include: size of population is 120, 
crossover rate is 0.9, mutation rate is 0.08as well as 
using roulette wheel method, double-point crossover, 
binary coding mutation method, genetic duplication, 
crossover and mutation, set up the iteration to 200 
generations and set up the terminated condition as the 
maximum profit attained when the emulated green 
supply chain to yields minimum cost. 
Assumptions of the simulation include the expected 
recycled rate is between 12% to 25% randomly 
distributed, the average quantity of recycled goods for 
12 times of recycling in 1 year are 2,500 units, 
standard deviation is 35 units, the order quantity of 
each time is 3205 units 
The experiment can be divided into two parts: Part 1 
consists of comparing three factors of recycling 
policy such as ‘environmental protection laws’, 
‘green goodwill’ and ‘market share’; Part 2 consists 
of comparing different influential factors at different 
rate during the recycling and disassembling processes 
such as recycling performance ratio, the difficulty 
level of disassembling recycled materials and the 
reusable rate of recycled batch. 
The significance test of the experimental design 
shown in Table 8 and 9 indicate when experiment 
environment changed it has significant impact on 
costs of recycled materials as well as the profit-
making of green supply chain. The environment of 
Part 1 consists of the three-factor two-level test of 
‘recycling policy’; Part 2 also consists of three-factor 
2-level test of ‘recycling performance ratio’, ‘the 
difficulty level of disassembling recycled materials’ 
and ‘the reusable rate of recycled batch’. 
Thus, significant influential factors to the green 
supply chain in Part 1 include environmental 
protection laws, green goodwill, environmental 
protection laws*market share. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Fuzzy Recycle Planning for the Green Supply Chain Management 
 

152 

While solving large scale green supply chain system, 
simulating multi-factory and multi-period 
recycle/reuse environment, base on GA, the optimal 
solution of CPR, iteration number, recycling rate and 
reusable rate is 27646540 units, 128 times, 0.23 and 
0.72 respectively by using Matlab 6.5. On the other 
hand, while solving small-scale question, the optimal 
production batch, green product number, order 
quantity, recycling goods quantity of recycling centre, 
recycled goods quantity inside the remanufacturing 
factory, disassembly quantity of recycling centre, 
disassembly quantity inside the remanufacturing 
factory and profit-making is 5943.64 tons, 3572 units, 
408.76 tons, 25287 units,1583 units, 5328.26 tons, 
2156.63 tons and $ 1096192.73 respectively. 
Thus, the significant influential factors of entire green 
supply chain profit-making in Part 2 of the 
experiment include the recycling performance ratio, 
the recycling performance*recycling batch reusable 
rate, recycling performance ratio*the difficulty level 
of disassembling recycled materials*the reusable rate 
of recycled batch. Figure 2.(a) shows the  comparison 
of profit-making between the large-scale and small-
scale green supply chain under different recycling 
performance ratios where (b) shows the comparison 
of profit-making between the large-scale and small-
scale green supply chain under different 
environmental protection laws. 
When the recycling rate is varied for a large-scale 
green supply chain, the production of multi-factory 
will maintain at a certain profit level but the single 
recycling factory of small-scale one will make less 
recycled goods, i.e., as the ratio of recycled material 
increasing, the loss of profit increasing. In addition, 
the sale price of green goods will be also increased 
when the mixed ratio of recycled materials increased. 
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Fig.2. (a) Comparison of Profit-Making Between The Large-
Scale And Small-Scale Green Supply Chain Under Different 
Recycling Performance Ratios; (b) Comparison Of Profit-
Making Between The Large-Scale And Small-Scale Green 

Supply Chain Under Different Environmental Protection Laws 
CONCLUSIONS 
 

This paper considers the recycling policy factors of 
the Fuzzy Theory, the time effect on disassembly and 
the evaluation rate of the recycling capacity of the 
remanufacturing factory which not only achieving the 
optimal performance of production, recycling and 
disassembling but also increasing higher acceptance 
level of market. Based on the result of simulations, 
through the adjustment of fuzzy parameters of 
experiment design, all kinds of variation factors have 
certain degree of influence on the profit-making 
performance for the green supply chain. 
The entire green supply chain profit-making is 
significantly influenced by the recycling 
performance, thus improving the recycling 
technology is not only effectively more profitable for 
the green supply chain but also has the effect of 
reducing wastes and improve the quality of living 
environment. The interaction between environmental 
protection laws and reused rate of recycling batch is 
significant indicating the implementation of the 
recycling policy is beneficial for upgrading the 
recycling technology and making more profit if more 
rigorous environmental protection laws and conduct 
the recycling mechanism are adopted.  
Adopting the large-scale recycling/remanufacturing 
technology of the green supply chain is not only 
making higher profit than the small-scale one but also 
achieving even greater performance by using the 
professional division of labor from the third party 
logistic. However, as the number of large-scale 
factories is increasing, the disassembling capacity 
must be also improved to prevent from the pressure 
of inventory and carrying cost. 
Under the condition of receiving the same number of 
orders, the large-scale green supply chain completes 
the order requirement and disassembles recycled 
goods within a short period of time but the small-
scale one has to purchase more raw materials to 
respond to the insufficient supply of disassembled 
materials from the disassembly factory and the longer 
disassembling time prevent from its further 
development. Thus, the small-scale green supply 
chain is more suitable for recycling higher value-
added goods such as the carbon toner cartridge, 
computer equipment, etc., to prevent from the risk of 
insufficient supply of disassembled materials. The 
fuzzy mixed integer programming algorithm 
developed for the green supply chain, after adopting 
GA and Benders’ Decomposition, saves more solving 
time in finding the convergence of the optimal 
solution than pure GA. 
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