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ABSTRACT 

According to Bappenas, the problem of electronic waste can be 

seen as a potential by utilizing supply chain circularity through 

a refurbishing program that aims to regulate consumption and 

production patterns sustainably. This research develops several 

refurbishing models in a circular economy by considering eco-

design, distribution channels (manufacturers, retailers, third-

party, offline stores, marketplace platforms), and consumer 

behavior (high-end customers, low-end customers). Based on 

the existing problems, it is necessary to develop a refurbishing 

model by considering eco-design, marketing channels, and 

consumer behavior. This research aims to construct a 

refurbishing model in a circular economy by considering take-

back policies, degree of innovation, and market segmentation. 

Then determine the optimal solution (policy) from the model. 

After that, how to apply the model through numerical 

simulation and sensitivity analysis to see the system behavior.  

Keywords 

Circular Economy, Take-Back, Degrees of Innovation, Market 

Segmentation 

1. INTRODUCTION 
According to Bappenas, the problem of electronic waste can be 

seen as a potential by utilizing supply chain circularity through 

a refurbishing program that aims to regulate consumption and 

production patterns sustainably. This research develops several 

refurbishing models in a circular economy by considering eco-

design, distribution channels (manufacturers, retailers, third-

party, offline stores, marketplace platforms), and consumer 

behavior (high-end customers, low-end customers). The 

developed model also considers licensing policies, degrees of 

innovation, cost-sharing mechanisms, government subsidies, 

take-back policies (collection of used products), in-house and 

outsourcing policies, quality choice, and product supply 

constraints. 

The purpose of this study is to determine optimal policies for 

each company to maximize profits and minimize 

environmental impacts. The model obtained consists of several 

non-linear functions with inequality constraints. Therefore, the 

Lagrange method, Karush-Kuhn-Tucker (KKT), can be used to 

determine the optimal values of decision variables and 

guarantee maximum profit conditions. Stackelberg, Backward 

Induction, Nash-Equilibrium, and Shapley-Value methods are 

used to link optimal policies between the companies involved, 

including profit and cost-sharing. 

As one of the largest consumers of electronics in the world, 

Indonesia produced 5.1 kg per capita of electronic waste in 

2010 and is expected to increase to 8.62 kg per capita in 2030. 

To overcome this, the National Development Planning Agency 

(Bappenas) together with the United Nations Development 

Program (UNDP) has developed an evaluation of the 

implementation of a circular economy in Indonesia. 

Based on existing problems, it is necessary to develop a 

refurbishing model by considering eco-design, marketing 

channels, and consumer behavior. In this way, it is hoped that 

joint optimal policies will be produced so that production and 

supply chain operations in the refurbishing system can run well 

with maximum profits and minimum environmental impact 

without neglecting the quality of service to consumers. This 

research focuses on superior research on "human development 

and national competitiveness" with research on the 

development of "infrastructure, transportation, and defense and 

security technology". Supply chain management, especially in 

refurbishing and circular economy activities, has become a way 

to influence competitiveness to improve company 

performance. This will force supply chain management to 

become more responsive, so that it is expected to respond 

quickly, effectively, and efficiently to changes in the market. A 

quality supply chain will increase the company's competitive 

ability as well as consumer satisfaction, thereby encouraging 

increased competitiveness and growth of the national industry. 

A successfully implemented supply chain strategy requires 

appropriate financial (price), production, cooperation, and 

distribution management. 

In 2021, Wang et al. [1] developed a refurbishing model using 

consideration of the application of the ecodesign concept. 

Ecodesign is defined as the development of new products by 

applying environmental aspects to the product design, such as 

using environmentally friendly materials and technology, low-

emission gases, and certain designs so that the product is easy 

to reproduce over and over again [2]. The demand function in 

research [1] uses the level of consumer willingness to pay 

(WTP) without any distribution channels, market 

segmentation, and cannibalization effects. In implementing the 

concept of ecodesign and responsibility transfer, there is a 

financial policy from the government that refers to the research 

of Chang et al. [3]. In 2020, He et al. [4] conducted research on 

the influence of quality choice in new products on refurbishing 

policies. 

Furthermore, 2021, Chen et al. [5] developed a refurbishing 

model carried out by manufacturers and retailers by 

considering process innovation and cost-sharing mechanisms. 

Meanwhile, refurbishing is often carried out by other parties 

such as retailers or third parties [6].  
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Gaur et al. [7] state that the refurbishing process can be carried 

out alone (in-house) or with collaborative partners 

(outsourcing) to be involved in collecting, reprocessing, and 

remarketing products. Referring to Wang et al. [8], there are 

two types of licensing policies that third parties can choose, 

namely fixed fee licenses and royalty fee licenses. The fixed 

fee licensing policy states that the OEM charges a fixed fee, 

namely the amount of the cost of the \textit{refurbished} 

product to the 3P. According to Segetlija et al. [9] distribution 

channels are a route for goods or services to travel from 

producers to consumers through marketing intermediaries. 

Two distribution channels are considered in this research, 

namely direct distribution channels and indirect distribution 

channels. Direct distribution channels are when 3P sells 

products directly to consumers. Meanwhile, distribution is 

indirect when 3P sells refurbished products at wholesale prices 

to resellers, who then sell the products to consumers. 

In 2011, Ovchinnikov [10] conducted research on OEM 

strategies for selling new and refurbished products by 

considering consumer behavior. Then in 2022, Kurdhi et al. 

[11] analyzed the optimal pricing of refurbished products with 

the influence of market segmentation and cannibalization 

effects. Kurdish et al. [11] divide the market into two segments, 

namely high-end customers (consumers who focus on product 

quality) and low-end customers (consumers who focus on 

product price). In their research, Kurdhi et al. [11] also consider 

consumable product supply constraints, where not all of these 

products can be collected easily or do not meet the specified 

quality standards. 

For the refurbishing business to continue running, take-back 

activities or collecting used products are needed. Take-back 

activities can be carried out directly by the manufacturer and 

then reprocessed through in-house refurbishing. In 2018, Liu et 

al. [12] developed a refurbishing model by considering roof 

policy in marketing refurbished products and its impact on 

company profits and the environment. Roof policy is a 

managerial decision regarding the marketing structure of 

different products and has a significant impact on company 

performance [13]. In Liu et al.'s model. [12], take-back 

activities are carried out from consumers to producers and in-

house refurbishing is implemented. Meanwhile, in Qian et al. 

[14], a scenario is applied where take-back and refurbishing are 

handed over to other parties (outsourcing). 

 This research aims to construct a refurbishing model in a 

circular economy by considering take-back policies, degree of 

innovation, and market segmentation. Then determine the 

optimal solution (policy) from the model. After that, how to 

apply the model through numerical simulation and sensitivity 

analysis to see the behavior of the system. 

The circular economy model has been studied in various 

countries. Even in developed countries, this model has been 

used in stock modeling. Not only applied but this model is also 

still undergoing development [15]. Therefore, we want to 

develop a Circular Economy Model in Indonesia which has 

never been studied before. 

2. RESEARCH METHODS 
The research steps are schematically shown in Figure 2. To 

obtain the latest information and according to research needs, 

various related literature will be reviewed to see research 

developments and identify problems. In addition, refurbishing 

formulations in the circular economy are developed based on 

research problems identified from real-life systems. Therefore, 

observations of the supply chain system in the field need to be 

carried out to determine the real condition of the system. This 

research was conducted from the point of view of OEMs, 

retailers, and third parties, so one of the performance measures 

chosen was the total profit of each company in the supply chain. 

Factors that influence performance measures will be 

considered in the system modeling step. The development of a 

mathematical model is carried out by proposing several 

alternative models so that the model that is most relevant to the 

real world can be selected. 

Optimization techniques are used to obtain optimal solutions 

which are the basic policies in production and inventory 

control. In the optimization process, propositions and theorems 

will be developed as a basis for developing solution methods 

and algorithms. Completion approaches to models include 

several methods for mathematical programming with 

constraints. For more complex models, a heuristic and 

numerical solution method will be developed by looking at the 

optimal solution pattern. This approach is used if optimization 

methods cannot be applied to solving the model. Furthermore, 

some numerical examples with Mathematica 12.0 software are 

given to provide a good understanding of the model's behavior 

and for comparative studies with the results of previous studies. 

Sensitivity analysis through variations in the value of the model 

parameters was also carried out to see the significance of the 

influence of these parameters on performance measures. 

The model that has been analyzed is then validated. If the 

model obtained is not valid, then the model is changed 

according to the results of the analysis. Valid models can be 

used as a solution to problems in the field. Furthermore, 

conclusions are given as an overview of the research results that 

have been obtained and discuss several topics of further 

research. 

In this study, the optimal completion of the model was obtained 

using the Karush-Kuhn-Tucker (KKT) and Stackelberg 

methods. The KKT method is an optimization technique that 

can be used in finding the optimum point of a constrained 

function regardless of linear or non-linear. Stackelberg is one 

of the non-cooperative game-solving strategies in game theory. 

In Stackelberg, there are two companies as players, namely one 

company acting as a leader and one company acting as a 

follower. Companies that act as leaders have the authority to 

determine in advance the quantity of output to be produced to 

obtain maximum profit. Based on the amount of output that has 

been determined by the leader, followers will react according 

to the provisions that the leader will not change the level of 

output. This model assumes that decision-making is done 

sequentially. The Stackelberg model can be solved to obtain the 

subgame perfect Nash equilibrium (SPNE), which is a strategy 

profile by each player taking into account the strategies of other 

players and requires each player to play in a Nash Equilibrium 

in every subgame. 

Suppose the leader is a producer and the follower is a retailer. 

Producers will determine wholesale prices (𝑤𝑟) or license fees 

(𝑓) and then retailers will react by setting a selling price of 𝑝𝑟. 

Consumer demand at price 𝑝𝑟 is 𝐷(𝑝𝑟), so the retailer will 

respond as much as 𝑞𝑟 to the refurbishing agent. To determine 

the subgame perfect Nash equilibrium is done through 

backward induction.  

3. RESULTS AND DISCUSSION 
In this research, the Retailer Remanufacturing model will be 

solved by cloud computing. The cloud computing used is 

Wolfram Mathematica. Figure 1 is the User Interface of 

Wolfram Mathematica. 
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The first step in this research is the optimal solution 

(Stackelberg Game). Figure 2 is the output from Mathematica 

cloud computing which has been run to determine the optimal 

solution (Stackelberg Game). To obtain the optimal solution, 

the concept of derivatives is used in the process. 

The second step of this research is to determine the optimal 

number of Retailer Remanufacturing models. Figure 3 is the 

output of Mathematica cloud computing that has been run to 

determine the optimal number of Retailer Remanufacturing 

models. 

 After determining the optimum amount to be produced, the 

next step is to substitute the optimum amount to obtain 

maximum profit from the model. Figure 4 is the output of 

Mathematica cloud computing that has been run to determine 

the maximum profit from the Retailer Remanufacturing model. 

From the research that has been carried out, it turns out that 

Wolfram Mathematica cloud computing can complete a 

Retailer Remanufacturing model. These results have been 

checked using the Wolfram Mathematica installer software and 

calculated manually. 

With Wolfram Mathematica cloud computing, it certainly 

makes it easier to complete a distribution model. Wolfram 

Mathematica cloud computing does not need to be installed on 

a laptop and only requires a browser and internet connection. 

The calculation results obtained by cloud computing are of 

course also accurate, this has been proven by the author in the 

Retailer Remanufacturing model. 

The Retailer Remanufacturing model that has been calculated 

will certainly be a recommendation for business actors in the 

world of work. This is in line with research conducted by (Desi 

Triana Putri & Muhammad Subhan, 2023).  

 

Fig 1. Initial view of Wolfram Mathematica cloud computing 

 

Fig 2. The optimal solution for Retailer Remanufacturing 
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Fig 3. Optimal number of Retailer Remanufacturing models.  

 

Fig 4. Maximum profit from the Retailer Remanufacturing model. 

An economic system or model known as a "circular economy" 

seeks to minimize the harm that a linear economic strategy does 

to society and the environment while promoting economic 

growth by extending the useful life of goods, materials, and 

resources. A circular economy covers a wide range of actions 

in all economic sectors, including resource efficiency and 

carbon emission reduction, in addition to discussing improved 

waste management through increased recycling.  

Future industries and the economy will focus on repairing, 

reusing, remanufacturing, and recycling rather than just 

managing raw materials into finished products for 

consumption. This approach, known as the "Circular 

Economy," aims to reduce waste production and resource use 

while also promoting consumption and repair without 

negatively impacting the environment. 

To minimize the quantity of waste materials that are not used 

and end up in landfills, the circular economy maximizes the 

utility and added value of raw materials, components, and 

products. The act of implementation itself may promote more 

rapid growth in the green economy. 

The circular model that has been produced provides 

recommendations for the optimal number of retailer 

remanufacturing and the maximum profit that can be obtained. 

This is in line with research conducted by Roqip 2023 (see 

[16]). Hopefully, the model that has been produced can be 

applied to industry. Because the circular model is increasingly 

being applied to various sectors. 

Completion of this circular model uses cloud computing-based 

Mathematica Wolfram. The resulting solution is an optimal 

result. With proven methods (see [11]). 

In general, cloud computing focuses on the preparation of 

mathematical models and numerical solution techniques as 

well as the use of computers to analyze and solve scientific 

problems. In practical use, it usually takes the form of applying 

computer simulations or various other forms of computing to 

solve problems in various scientific fields, but in its 

development, it is also used to discover new fundamental 

principles in science.  

4. CONCLUSION 
The results of this research show that maximum quantity (see 

Fig 3) and maximum profit (see Fig 4) can be obtained from 

the Retailer Remanufacturing model. Hopefully, the model that 

has been produced can be applied to industry. Because the 

circular model is increasingly being applied to various sectors. 
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