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Abstract: - Achieving the objectives of well- managed reverse logistics in closed cycle is complicated by the 

multiplicity of problems and is an uncertain process. Fuzzy optimization encompass the possibility in dealing 

with challenging situations where there is no exact and definite data. This approach has an emerging role in 

resolving these problems. To this end, the paper offers fuzzy ways of modeling reverse logistics systems and 

then multi-objective fitness functions used for proper decision-making in order to achieve higher resource 

allocation. The framework combines membership functions with mathematical models and hybrid 

programming methods to handle enigmas in demand, marketing, transportation, and recycling operations. Via a 

set of examples, illustrations how the suggested points work in order to improve resource utilization, to reduce 

costs, and to lessen environmental impact. The outcome emphasizes the power of fuzzy optimization increase 

in performance of closed loop reverse logistics with regards to efficiency and sustainability. 
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1 Introduction 

The management of resources in closed-loop reverse 

logistics systems presents a multi-faceted challenge 

due to the intricate interplay of various factors such 

as demand uncertainty, returns, transportation 

constraints, and recycling processes. Closed-loop 

reverse logistics involves the movement of products 

or materials from consumers back to manufacturers 

for reuse, remanufacturing, or recycling. Unlike 

traditional forward logistics, reverse logistics entails 

inherent uncertainties and complexities stemming 

from factors like product condition variability, 

fluctuating demand patterns, and unpredictable 

return rates. 

GPS-enabled devices are used to track the location 

of waste collection vehicles in waste containers and 

landfills. It is evaluated by taking the total of the 

sensors and analyzing them together with machine 

learning algorithms and the proposed mathematical 

model. Collected routes are optimized based on real-

time data. With the smart garbage container, the 

occupancy levels of waste can be monitored 

instantly and communication can be established 

with waste collection vehicles. With the fleet 

management of garbage collection vehicles, the 

location of the vehicles, their fuel status and 

operating costs are minimized. Smart waste 

management is provided through waste collection 

programs, recycling initiatives and environmental 

information and awareness programs. Blockchain 

technology ensures traceability of waste from its 

source to the final disposal or recycling point. 

Efficient generation of waste energy and efficient 

resource use of recycling waste materials. 
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Incorporating such components of Smart Solid 

Waste Management of a Smart Waste City, it is 

possible to come up with a conceptual model that 

can enhance the conceptual framework for 

implementing sustainable SWM solutions that are 

more efficient and effective as well as reduce the 

impacts on the environment while involving citizens 

in the Processes. However, to make use of such a 

model, the team must also take into consideration 

that cities differ in many ways and can bring 

challenges with them. 

Closely managing resource is an effective process in 

closed-loop reverse logistics since it seeks to 

achieve optimum resource use in order to minimize 

resource consumption and costs, and hence reduce 

negative environmental consequences. In general, 

traditional optimization techniques usually have a 

problem in evaluating precise and clear parameters 

which are hallmarked by uncertainties and 

imprecisions in reverse logistics operations. It is 

thus apparent that fuzzy optimization strategies hold 

a lot of potential in addressing these problems, by 

incorporating fuzzy logic as a way of managing 

impulsive information and rising probabilities. 

This paper aims at developing a district level 

optimized closed loop reverse logistics system by 

synthesizing fuzzy optimization technique suitable 

for reverse logistics networks. The framework seeks 

to improve the efficiency of resource utilisation 

through the application of fuzzy Logic to the 

optimisation models allowing for proper decision 

making. Consequently, the proposed FMO 

framework aims at enhancing the responsiveness, 

adaptability, and eco-effectiveness of closed-loop 

reverse logistics. 

The context of this study is the strategies for 

managing resources involved in closed-loop reverse 

logistics and how application of fuzzy optimization 

techniques may address those challenges. Next, we 

present the research goals of the conducted study 

and then give a brief overview of the paper’s 

organization. Based on the presented Fuzzy 

optimization framework a series of empirical 

validations and closed-loop reverse logistics 

systems case studies are planned and expected to 

prove the improvements that can be achieved 

comparing to traditional optimization and 

management approaches. 

2 Literature Survey  

A review of the literature in the context of the 

present study suggests that there has been 

considerable focus on enhancing the efficiency in 

managing the intensity of resource management in 

closed-loop reverse logistics through various 

optimization methods [ 1 ], [ 2 ], [ 3 ], [ 4 ]. As a 

matter of fact, classical optimization techniques like 

linear programming and integer programming have 

been used in practising resource allocation and 

decision making in reverse logistics networks[5], 

[6], [7], [8], [9]. However, these methods entailing 

reverse logistics face the problem of being 

inadequate in addressing the uncertainties and 

complexities in the reverse logistics processes. 

 

Closed-loop reverse logistics management has 

received increased attention from scholars in the 

recent past, and exploring the potential of utilizing 

fuzzy optimization for improving closed-loop 

reverse logistics performance has become more 

common. Fuzzy optimization is a good model in 

handling such vague information as it can capture 

the level of uncertainty in reverse logistics which is 

not fixed due to the maturity in sending back 

products, variability in product condition, variability 

in demand for returned products, variability in 

return rate etc [10], [11], [12], [13]. 

 

A number of research papers have revealed that 

fuzzy optimization can prove useful in several 

aspects of closed-loop reverse logistics such as 

inventory control, facility generation, distribution 

network design, and supply chain integration [14], 

[15], [16], [17], [18]. Rodriguez and Pisano [19] on 

the other hand identified that there is improvements 

to optimization models by integrating fuzzy logic 

has created flexible methodologies that can adapt to 

changes in demand and supply volatility[20], [21]. 

There are some studies that presented a fuzzy multi-

objective optimization model to design the closed-

loop supply chain when the some factors such as 

product returned and demanded are fuzzy. They 

found out that using the fuzzy optimization method 

could address the diverse goals of the CLSC such as 

minimizing the cost and reducing the environmental 

impacts [ 22 ], [ 23 ]. 

Likewise, some of them applied fuzzy optimization 

in establishing order picking strategies in a closed 

loop supply chain for remanufacturing planning. 
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They showed relatively higher inventory turnover 

and cost saving solutions with consideration of 

fuzzy demand and return rates in comparison with 

the conventional ‘deterministic modeling’ [24], 

[25], [26], [27]. 

Moreover, other works examined the use of fuzzy 

optimization in covering the vehicle routing for 

closed loop reverse logistics network by taking 

uncertainties in transportation cost and vehicle 

capacity into account. According to their research, 

they realized that the fuzzy optimization were more 

effective as it produced solutions for the routing of 

material in reverse logistic network that are more 

flexible and capable of handling uncertainties in the 

system [28], [29], [30]. 

On balance, this paper highlights that reverse 

logistics of closed-loop supply chain can benefit 

from the use of fuzzy optimization approaches to 

solve the many problems associated with optimal 

resource management. Thus, including aspects of 

fuzzy logic into optimization models will help the 

researchers to create more robust, versatile and 

sensitive decision-making tools and improve 

adaptability of the decision-making models 

concerning to reverse logistics processes as they 

contain certain levels of uncertainty and variability. 

3 Methodology 

The proposed methodology for fuzzy optimization 

in closed-loop reverse logistics aims to address the 

challenges of resource management by integrating 

fuzzy logic with optimization techniques. The 

methodology consists of several key steps, including 

problem formulation, fuzzification of input data, 

development of fuzzy optimization models, and 

solution algorithms. We outline each step of the 

methodology in detail in Table 1. 

Thus, by following this method, numerous scholars 

and practitioners can design the solution of fuzzy 

optimality models that can be used specifically in 

closed-loop reverse logistics systems, so that there 

can be a better management and decision making of 

resources that can handle great complexities and 

uncertainty. 

3.1 Mathematical Model  

The mathematical model representing fuzzy 

optimization in closed-loop reverse logistics aims to 

determine the allocation of resources, inventory 

management, transportation network and facility 

siting decisions, which can accommodate the 

vagueness inherent in reverse logistic chains. This is 

the key reason why the model will seek to reduce 

expenses while optimizing resource penetration and 

attaining sustainable goals. Here is stated the 

general mathematical model of the presented 

approach to fuzzy optimization. 

Table 1 Suggested Model Steps 

 

Decision Variables: 

𝑋𝑖𝑗  : The flow from location i to location j of the 

product/material in quantity. 

𝑌i : This refers to the packaging of product/material 

at location i that is in the store or waiting to be 

dispatched to another location in the network. 

𝑍i : Dummy variable showing whether the following 

facility is established at the specific location i or not. 

Wt : Out of the above, the total waste at any point in 

time t is given by the volume or weight of waste. 
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Wr,t : Consumption at time t of recyclable waste 

produced at the same time t 

Ct : Cost of waste management at time t 

Parameters: 

𝐷𝑖𝑗 : Each location demands some amount of 

product to be transported to the next location, which 

is partially known or uncertain in the real world, and 

thus can be represented by fuzzy demand from 

location i to location j. 

𝑅𝑖𝑗 ∶ Fuzzy return rate from location i to location j. 

𝐶𝑖𝑗 : Fuzzy transportation cost from location i to 

location j. 

𝐻𝑖𝑗 : Holding cost per unit of inventory at location i. 

𝐹𝑖𝑗: Fixed cost associated with opening a facility at 

location i. 

𝛼, 𝛽, 𝛾 ∶Weighting factors representing the 

importance of different objectives 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 , 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 , 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 : Efficiencies of collection, 

transportation and treatment processes.  

𝐶𝑜𝑠𝑡𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 , 𝐶𝑜𝑠𝑡𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 , 𝐶𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 : 

Cost associated with collection, transportation and 

treatment.  

Objective Function: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ (𝑖,𝑗 𝐶ij ∗ 𝑥ij)  +  ∑ (𝐻𝑖  ∗ 𝑖  𝑌𝑖)  + 𝛼 ∗

∑ (𝐹𝑖  ∗ 𝑖 𝑍𝑖)  +  ∑ (𝑡 𝐶t ∗ 𝑊t)                                (1) 

Constraints: 

1. Demand Constraint: For all i, j 

 𝑋𝑖𝑗 ≤  𝐷𝑖𝑗                 (2) 

2. Return Constraint: For all i, j 

 𝑋𝑖𝑗 ≤  𝑅𝑖𝑗                  (3) 

3. Inventory Balance Constraint: For all i 

 𝑌𝑖  =  𝑌𝑖−1 +  ∑ (𝑋𝑗𝑖𝑗 −  𝑋𝑖𝑗)                 (4) 

4. Facility Opening Constraint: For all i 

 𝑍𝑖 ∈  {0,1}                  (5) 

5. Capacity Constraint: For all i 

 ∑ 𝑋𝑖𝑗 ≤  𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖  𝑗                  (6) 

6. Fuzzy Sets and Membership Functions: 

 Demand (Dij) , Return (Rij), and Transportation 

Cost (Cij) are represented as triangular or 

trapezoidal fuzzy sets with corresponding 

membership functions. 

 Linguistic variables such as "low," "medium," and 

"high" are defined to characterize the degree of 

uncertainty or imprecision in input parameters. 

Objective Weights:  

The weighting factors (𝛼, 𝛽, 𝛾 )  are used as the 

means of proportionally distributing the importance 

of three objectives: transportation cost, inventory 

holding cost, and the cost of opening number of 

facilities. 

Thus, this fuzzy optimization model helps the 

closed-loop reverse logistics decision-maker to 

efficiently allocate and use resources factoring the 

vagueness and imprecision in demand and returns, 

transport and facility location, and hence delivers 

efficient and sustainable reverse managerial 

resource optimization outcomes. 

The fuzzy optimization begins with the development 

of a mathematical model that uses fuzzy sets and 

logic to model uncertainty within the variables, 

including demand, transportation costs, and resource 

capacity. These parameters are necessary to model 

stochastic conditions which are present in most 

systems, and fuzzy membership functions are used 

to measure the uncertainty of these parameters to 

make decision making less sensitive to variability 

and imprecision. Optimization transformations such 

as fuzzy inference rules, aggregation function and 

defuzzification process are used to obtain a crisp 

solution from fuzzy optimization model. 

4 Case Study 

Turkey recycles 1.1 million tons of plastic per year, 

leading to more than $1 billion in plastic raw 

material imports. After the Zero Waste Project 

launched in Turkey, the recovery rate has risen to 

22.4 per cent at 13 per cent. The highest conversion 

rate is aimed at this area, especially with the 

increased accuracy of plastic recycling. With the 
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Paris Climate Agreement, Turkey aims to net zero 

emissions by 2053. The conversion of plastic waste 

and the use of products produced from recycled raw 

materials by companies are said to contribute to this 

goal. 

The imports of recycled pet mammals are 520 

thousand tons and $3 billion 898 million in 2020. 

The export of recycled pet mammals amounts to 1 

million 701 thousand tons and 3 billion 898 million 

USD.  The supply price for PET waste to be used at 

the facility was estimated at 27.000 TL/Tonnes; the 

cost of soda was 17.640 TL/Tonnes; and the price of 

nitric acid was calculated at 17.640 TL/Tonnes (in 

Table 2). 

Table 2: Used of Raw Materials, Auxiliary 

Materials and Unit Costs in Production 

 

When life-cycle analyses are examined, PET bottles, 

which make up 30% of the highest consumption of 

PET-based materials among plastics, are used as 

composites in fewer quantities, are easier to recycle, 

so they lose less of their properties and can find 

more use after conversion.  The collection rate of 

PET bottles is increasing every day. In Europe, the 

collection rate of PET bottles reached 40 percent in 

2009 (in Table 3). Moreover, since PET bottles are 

derived from a non-renewable source of energy 

from oil and are not biodegradable in nature, many 

products are obtained from pet waste after consumer 

use, so that the products can be reused. 

The amount of fully recycled plastics in proportion 

to the rate of the total mass of all recovered plastic 

products is what makes it essential to determine the 

recycling rate while evaluating the scale of a plastic 

recovery plant. The recycling rate is the percentage 

of the recycled material in the total waste. This 

means the rate of recycling as a proportion of the 

total waste produced. For example, a plant recycled 

100 tons of plastic waste over a year, and if the total 

amount of waste is 150 tons, the recycling rate: 

𝑅𝑒𝑐𝑦𝑐𝑙𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 =  
𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑤𝑎𝑠𝑡𝑒 𝐴𝑚𝑜𝑢𝑛𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑊𝑎𝑠𝑡𝑒
  ∗  100%        (7) 

𝑅𝑒𝑐𝑦𝑐𝑙𝑒 𝑅𝑎𝑡𝑒 =  
100 𝑇𝑜𝑛

150 𝑇𝑜𝑛
  ∗  100% =  

2

3
 ∗  100% =  66.67%     (8) 

This plant has a recycling rate of 66.67%. This 

numerical value shows how efficient the plant is in 

the recycling process. A higher recycling rate 

indicates a more sustainable business model. 

Table 1: Amount of Income and Expenses 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ (𝑖,𝑗 𝐶ij ∗ 𝑥ij)  +  ∑ (𝐻𝑖  ∗ 𝑖  𝑌𝑖)  + 𝛼 ∗

∑ (𝐹𝑖  ∗ 𝑖 𝑍𝑖)   + ∑ (𝑡 𝐶t ∗ 𝑊t)                       (9) 

𝑋𝑖𝑗 ≤  𝐷𝑖𝑗  (Demand Constraint)   (10) 

𝑋𝑖𝑗 ≤  𝑅𝑖𝑗 (Return Constraint)     (11) 

𝑌𝑖  =  𝑌𝑖−1 + ∑ (𝑋𝑗𝑖𝑗 −  𝑋𝑖𝑗)  (Inventory Balance 

Constraint)                             (12) 

𝑍𝑖 ∈  {0,1} (Facility Opening Constraint   (13) 

∑ 𝑋𝑖𝑗 ≤  𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖  𝑗 (Capacity Constraint)(14) 

𝑋𝑖𝑗  ≥ 0 ,  𝑌𝑖  ≥ 0 , 𝑍𝑖 ≥ 0             (15) 

The fuzzy optimization model incorporates fuzzy 

sets and fuzzy logic to represent uncertain 

parameters such as demand forecasts, transportation 

costs, and resource availability. Fuzzy membership 

functions are utilized to capture the uncertainty 

associated with these parameters, allowing for more 

robust decision-making in the face of variability and 

imprecision. Fuzzy inference rules, aggregation 

methods, and defuzzification techniques are 

employed to generate crisp solutions from the fuzzy 

optimization model. The schematic diagram of the 

proposed network is illustrated in Figure 5.  
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Figure 5: Schematic diagram [31] 

 

 

Figure 6: Route from Recycle Collection Centres to 

Sakarya 

In this paper, since the consumption of plastic 

beverages increases in the summer months and 

during Ramadan, it has been taken into account that 

more frequent collection will be provided from our 

collection centers, especially those close to holiday 

regions. In addition, it is stated that as the 

temperature increases, the recycling rate will 

increase due to the increase in the use of plastic 

bottles. In addition to these opinions, it is thought 

that as the distance increases, fuel costs, collection 

vehicle fleet management expenses and collection 

time will increase. In order to reduce costs on the 

parameters determined for increasing costs, 

collection management should be carried out at the 

shortest distance and at the most efficient 

occupancy.  

Sakarya to Recycle Collection Centres are given in 

Figure 7.  

𝐶𝑖𝑗 : Fuzzy transportation cost from location i to 

location j. 

𝑌i : Inventory level of product/material at location i. 

𝐻𝑖𝑗 : Holding cost per unit of inventory at location i. 

𝐹𝑖𝑗: Fixed cost associated with opening a facility at 

location i.       

 

Figure 7: Calculation 𝐶𝑖𝑗, 𝑌𝑖 , 𝐻𝑖𝑗 , 𝐹𝑖𝑗  from Sakarya 

to Recycle Collection Centres 

Distance, Transportation Cost, Inventory Level, 

Holding Cost and  Fixed Cost- from Sakarya 

to Recycle Collection Centres are given in Table 4.  

Table 4: Calculation 𝐶𝑖𝑗, 𝑌𝑖 , 𝐻𝑖𝑗, 𝐹𝑖𝑗from Sakarya to 

Recycle Collection Centres 

 

Inventory Level is given in Table 5. According to 

this level, we improved an estimation model and 

calculated in Table 6.  The estimated demand 

amount for each Recycle Collection Centres are 

calculated with 3 scenarios as high, medium and 

Low level. Inventory level is taken to account as 

maximum demand capactiy for each scenario and 3 

stages of scenario is calculated. 1 st scenario is Low 

stage and calculated with taken %70 of Max 

Demand Capacity for each rcycle collection centers; 

2 nd scenario is Medium stage and calculated with 

taken %80 of Max Demand Capacity for each rcycle 

collection centers then 3 rd scenario is High stage 

and calculated with taken %90 of Max Demand 

Capacity for each rcycle collection centers. 

Estimated Demand Amount from Recycle 

Collection Centres are given in Table 5.  
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Table 5: Estimated Demand Amount from Recycle 

Collection Centres  

 

In this case study, we apply fuzzy optimization 

techniques to enhance resource management in a 

closed-loop reverse logistics system. The expected 

outcome is to reduce total costs, coordinate per 

intervening resource, and particularly when deciding 

on inventory stock, transportation path, or location 

of facilities in the face of considerable variability of 

reverse logistics systems. 

The contexts we shall examine are a multiple-stage 

closed-loop reverse logistics network that includes 

collection, sorting, remanufacturing and 

redistribution of returned products. The network is 

essentially of collection points, sorting centers, 

remanufacturing facilities, and distribution centers. 

Its aim is to find the best way of making decisions 

on transports, storage and remanufacturing so that 

the overall costs per cycle volume are the lowest 

possible while meeting the demand and 

sustainability constraints. 

Table 5: Fuzzy Optimization Model and Application 

 

Here we provide the analysis of the results that we 

got from the fuzzy optimization techniques to 

enhance resource management in closed loop 

reverse logistics. The evaluation discusses a number 

of facets of the minimization process as well as 

clarification of the meanings of cost optimization 

and resource optimization as well as sustainability 

optimization. 

 

 

 

Table 6. Fuzzy Optimization Model 

 

Table 7: Solution Approach of Fuzzy Optimization 

ModeL 
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Table 8: Analysis Results of Fuzzy Optimization 

Model 

 

5 Conclusion 

This paper fills the gap can be addressed by the 

application of fuzzy optimization techniques in 

closed-loop reverse logistics which depicted a 

potential approach to managing finite resources 

effectively in uncertain situations. Applying fuzzy 

optimization means that decision-makers can make 

better perceptions and more realistic decision in 

handling variability, uncertainty and complexity 

associated with reverse logistics. 

Fuzzy optimization provides better control in 

expenditure whereby resource acquisition and 

management may result in low holding costs, 

cheaper transportation, cheaper remanufacturing, 

and general operating costs. Compared to traditional 

methods for supply chain planning that consider 

demand and return forecasts and transportation costs 

as deterministic parameters and do not take into 

account the risk associated with deviations from 

these forecasts, Fuzzy optimization finds efficient 

and risk-free ways of managing resources. Here, it 

enhances the whole value adding process by a 

proper management of inventory, transportation, 

and remanufacturing policies in the closed loop 

reverse logistic network. By addressing the issues of 

supply and demand at the same time, making the 

operations optimally efficient and focusing on the 

most valuable products, fuzzy optimization 

increases resource utility and decreases waste levels. 

It is apparent that fuzzy optimization can help to 

improve the overall sustainability performance of 

RL by decreasing the external pressure such as 

environmental effects and shifting towards circular 

economy practices. 

Through optimized resource allocation and 

decision-making, fuzzy optimization reduces carbon 

emissions, energy consumption, and waste 

generation, aligning the operations with long-term 

sustainability objectives. Also, fuzzy optimization 

solutions exhibit robustness and adaptability to 

uncertainties and fluctuations in the operating 

environment. Sensitivity analysis demonstrates the 

resilience of fuzzy optimization solutions to changes 

in input parameters, while the flexibility of the 

fuzzy optimization model allows for adjustments in 

resource allocation and decision-making in response 

to evolving market conditions and regulatory 

requirements.  

The most important situational factors are meeting 

the needs in the most economical way and without 

damaging the environment, preventing 

environmental pollution, protecting limited natural 

resources and transferring them to future 

generations. This study aims to modeling of the 

system and determine the system behavior in the 

most appropriate and effective manner along with 

the parameter values with system constraints. With 

the closed-loop approach, industrial organizations 

will be more sensitive of the environment and will 

realize the trust of the use of natural and natural 

resources to the next generations. In addition to the 

material contribution it will provide to the economy 

with a more aware identity about material and waste 

management. 

In conclusion, the application of fuzzy optimization 

in closed-loop reverse logistics offers significant 

benefits in terms of cost reduction, resource 

utilization, sustainability performance, and 

adaptability. By leveraging fuzzy logic techniques, 

decision-makers can develop more resilient, cost-

effective, and sustainable strategies for managing 

resources in reverse logistics operations, ultimately 

contributing to improved efficiency and 

competitiveness in the marketplace. 
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