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Agency or Self-Run: the Effect of Consumer Green Education on 

Recyclers’ Distribution Channel Choice under Platform Economy 

 

Abstract： Consumer green education has significantly affected the green supply 

chain and recyclers have started to distribute remanufactured products via online 

platforms. Through a two-period game model, this study examines the effects of 

consumer green education on the recycler’s channel choice. The recyclers sell 

remanufactured products through either the E-retailer’s platform (Agency channel), or 

their own online platform (Self-Run channel). Surprisingly, our research indicates that 

a new product seller (E-retailer) can benefit from the remanufactured goods’ 

cannibalization in the Agency channel, provided the consumer green education is 

under-developed. This finding challenges the traditional opinion that the 

cannibalization causes loss of profit for new-product sellers. Besides, as the consumer 

green education effect increases, the recycler prefers the Self-Run channel even with 

high operational costs. This study provides new insights into the recyclers’ channel 

choice by considering the consumer green effect, thereby extending the research on 

the remanufactured products’ distribution channel strategy. 

 

Keywords: Green Supply Chain, Platform Economy, Self-Run Channel, Agency 

Channel, Consumer Green Education, Game Theory 

 

1. Introduction 

Technology innovation has shortened product life cycles and stimulated consumption 

worldwide, leading to a rapidly growing number of used products. To respond to the 

environmental issue, governments and international organizations have implemented 

a series of sustainable policies, for instance, the Waste Electrical and Electronic 

Equipment (WEEE) Directive in the European Union (EU), the white paper on the 
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WEEE recycling industry in China. These policies are consistent with the aims in the 

green supply chain, that is, integrating environmental thinking into end-of-life 

management of a product after its useful life (Paulraj, Chen, and Blome 2015). In this 

way, the green supply chain has been considered as an important way to achieve 

environmental sustainability (Li et al. 2019a). 

Many recyclers in the green supply chain have remanufactured used products 

and resold them, including Aihuishou (https://www.aihuishou.com/), Gazelle 

(https://www.gazelle.com/), GEM Co. Ltd. 

(http://en.gem.com.cn/en/AboutTheGroup/index.html), and so forth. Generally, these 

recyclers collect products through recycling channels, and sell remanufactured 

products with the help of the platform economy. The platform economy is the set of 

economic and social activities facilitated by platforms to increase sales and revenues 

(Xu and Lee 2020; Ciulli, Kolk, and Boe-Lillegraven 2019). 

Under the platform economy, many well-developed E-retailers not only sell new 

products but also have provided the recyclers with distribution channels on their 

online platforms to sell remanufactured products. For example, JD.com, one of the 

largest E-retailers in China, has developed a professional platform, called paipai.com 

(https://www.paipai.com/), to help recyclers sell remanufactured products directly to 

the customer. This study shares the views of the main stream literature and refers to 

those distribution channels on online platforms run by E-retailers as the “Agency 

channels” (Hagiu and Wright 2015; Abhishek, Jerath, and Zhang 2016). As the 

Agency channel is provided by the platform, when customers purchase 

remanufactured products directly sold by the recyclers through the Agency channel, 

the platform facilitates the sales of these remanufactured products. Therefore, the 

sales activities through the Agency channel are a specific exemplar of the platform 

economy. Alternatively, the recyclers can choose to sell remanufactured products on 

their own online platforms, which are referred to as the “Self-Run channels” (Guo, Li, 

and Nie 2020). In practice, the E-retailers who also sell remanufactured products do 

not provide the Agency channel for the recyclers. For example, Amazon.com sells 

remanufactured products via the “Amazon warehouse”, which is a self-run online 

https://www.aihuishou.com/
http://en.gem.com.cn/en/AboutTheGroup/index.html
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store run by Amazon.com and it is not available for recyclers. Therefore, this study 

assumes that the E-retailer who runs the “Agency channel” only sells new products. 

In reality, most recyclers sell remanufactured products through a single channel 

(either the Self-Run or Agency Channel). For instance, Gazelle in the United States 

made a huge investment in its Self-Run online platform, gazelle.com 

(https://www.gazelle.com/), to sell their remanufactured products. Differently, 

Aihuishou in China chooses to sell remanufactured products on the Agency channel, 

paipai.com, by sharing a portion of its sales revenue with JD.com. Therefore, this 

study assumes that recyclers have to choose either the Self-Run channel or the 

E-retailer’s Agency channel to sell remanufactured products. Firstly, if the recyclers 

choose the Agency channel run by an E-retailer, they can save operational costs of the 

channel and improve operational efficiency through the platform’s advanced 

information technology (Nie et al. 2020). However, the recyclers need to pay 

commission fees. Further, the E-retailer may have incentives to discourage the sales 

of remanufactured products as it sells new products in the same channel. The main 

reason is that the remanufactured products might have cannibalization effects on the 

new products when they both exist in the Agency channel, in which customers tend to 

buy the cheaper remanufactured products, instead of the new products. Secondly, if 

the recyclers choose the Self-Run channel, they have to bear operating costs of the 

online platform but can save on the commission fees (Song, Li, and Zhuang 2021). 

Thus, the recyclers face a difficult choice between the Agency channel and the 

Self-Run channel. 

Consumer green education is an emerging trend in recent years and has brought 

significant changes to the recyclers’ choices described above. As the consumer’s 

acceptance of remanufactured products is related to their awareness of the 

environmental friendliness of remanufactured products (Li et al. 2021), green 

education can help improve consumers’ acceptance of the remanufactured product 

(Abbey et al. 2015). Both governments and firms have made great efforts in consumer 

green education. For example, China’s central government has introduced a series of 

policies (e.g. Opinions on promoting the development of the remanufacturing sector 

https://www.gazelle.com/
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issued by The State Development and Reform Commission and The Ministry of 

Science and Technology). JD.com published its environmental strategy declaration, 

green e-commerce environmental strategy declaration 1 . Better consumer green 

education can boost the sales of remanufactured products. This might incur higher 

commission fees for the recyclers when they adopt the Agency channel. Further, a 

better consumer green education could intensify the cannibalization effect of 

remanufactured products on new products and, therefore, is harmful to the profits of 

the new product seller (E-retailer). Unfortunately, previous literature on recyclers’ 

distribution channel selection in the green supply chain usually ignores the influence 

of the consumer green education (Abbey et al. 2015; Chitra 2007; Wang and Hazen 

2016). In addition, the traditional view that the recyclers should abandon the Self-Run 

channel to save the operational costs seems not to be applicable when the consumer’s 

green education is well developed (Guo, Li, and Nie 2020; Song, Li, and Zhuang 

2021). 

To deal with the above research gaps, this study has the following two research 

questions: 

(i) How should recyclers make the optimal decisions between the Self-Run 

and Agency channels, in the context of consumer green education? 

(ii) Under what conditions can the E-retailer benefit from the 

cannibalization effect between the new and remanufactured products 

based on the recycler’s optimal distribution channel? 

This study explores a two-stage game-theoretical model in the green supply 

chain in which the recyclers can distribute remanufactured products by choosing 

either the Self-Run channel or the Agency channel provided by an E-retailer. The 

effect of consumer green education on the recycler’s channel choice is analyzed. 

This study attempts to make the following two contributions. First, it adds new 

insights to the literature on the remanufactured products distribution channel, with 

consideration of consumer green education under the platform economy. Consumer 

                                                             
1 JD.com published its environmental strategy declaration: 
http://epaper.cenews.com.cn/html/2014-05/05/content_9835.htm 
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green education has significantly changed the consumers’ attitude towards 

remanufactured goods, therefore the characteristics of the distribution channels for 

remanufactured products have been changed as well. However, the previous literature 

does not pay enough attention to those changes (Hsiao and Chen 2014; Wen, Xiao, 

and Dastani 2019). This study demonstrates that the recyclers’ optimal distribution 

channel varies with the effectiveness of consumer green education. As consumer 

green education grows, the recycler should forgo the Agency channel and adopt the 

Self-Run channel. In addition, this study reveals an interesting scenario, contrary to 

the previous literature, which argues that recyclers should give up the Self-Run 

channel when its operational cost is high. This research finds that even if the 

operational cost is high, the Self-Run channel is still preferable as long as the 

consumer green education is sufficient. 

Second, this study challenges the view that the cannibalization effect of 

remanufactured products is usually harmful to the new-product sellers’ revenues 

(Ferguson and Toktay 2006; Atasu, Sarvary, and Van Wassenhove 2008). Under the 

platform economy, the new product sellers (E-retailers in this study) profit not only 

from new product sales, but also from the commission fees from the remanufactured 

products’ sellers in the Agency channel. Therefore, the previous literature on the 

remanufactured products’ cannibalization effect on the new product seller cannot be 

applied correctly in this context. This study argues that the cannibalization effect of 

remanufactured products might bring benefits to E-retailers in the Agency channel 

where both new and remanufactured products co-exist. In doing so, this study 

complements the previous literature by exploring how the new product sellers can 

alleviate the cannibalization effect of remanufactured products. 

The rest of paper is organized as follows. In Section 2, we review the literature 

related to our research. Section 3 describes the consumer segments and gives the base 

model. The detailed analyses about the strategy of the recycler are presented in 

Section 4. Section 5 discusses the impacts of the recycler’s distribution strategy on the 

E-retailer. We conclude the paper and discuss the managerial implications of the 

results in Section 6. All the thresholds and proofs are put in the Appendix. 
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2. Relevant literature 

This study builds on three streams of literature: cannibalization between new and 

remanufactured products in the green supply chain, distribution channel choice in the 

platform economy, consumer behavior in the recycling and remanufacturing 

operation. 

2.1 Cannibalization effect of remanufactured products in the green supply chain 

The used products’ recycling and remanufactured products’ marketing are the 

main ways to manage the green supply chain (Hong and Guo 2019). When the new 

products and remanufactured products are sold in the same channel, the new products’ 

sellers suffer losses in profit due to the cannibalization of remanufactured products 

(Yan et al. 2015). The cannibalization effect of remanufactured products has been 

defined as: “If the remanufactured product is sold in the same market as the new 

product, but it is priced lower than the new product, previously captive customers may 

choose to buy the remanufactured product instead” (Ferguson and Toktay 2006). This 

study focuses on the literature on the cannibalization between new and 

remanufactured products in the green supply chain. 

As consumer green education develops, the cannibalization of remanufactured 

products puts more pressure on the profits of new product sellers (Oraiopoulos, 

Ferguson, and Toktay 2012), as the consumer acceptance of remanufactured products 

may increase and some green consumers even consider the remanufactured products 

as perfect substitutes for new products (Atasu, Sarvary, and Van Wassenhove 2008). 

When the new and remanufactured products are sold through two separate and 

different channels, the new products’ sellers would suffer more losses in their profits 

under high cannibalization (Wen, Xiao, and Dastani 2019). Many researchers are 

dedicated to exploring the strategies for the new product sellers to reduce the 

cannibalization effects of remanufactured products, i.e., joint pricing (Ferguson and 

Toktay 2006), discriminatory pricing (Atasu, Sarvary, and Van Wassenhove 2008) and 

quality decisions (Örsdemir, Kemahlıoğlu‐Ziya, and Parlaktürk 2014). Interestingly, 

the aforementioned literature studies all assume that the cannibalization is harmful to 
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the new products’ sellers and, therefore, those sellers should avoid collaboration with 

remanufactured products’ sellers. Unfortunately, this assumption does not reflect the 

new advances in business practice. 

Actually, many new products’ sellers (e.g. E-retailers) have started to provide 

Agency channels for distribution of remanufactured products (Jia and Li 2020). 

Through the Agency channel, remanufactured products’ sellers can more conveniently 

access the customers and, in return, they pay commission fees to the channel owner, 

the E-retailer who sells new products. In this case, the new products’ sellers benefit 

from the remanufactured products’ sales, and thus, the impact of cannibalization of 

remanufactured products becomes unclear. This paper aims to challenge the past 

opinions in the literature by exploring the conditions under which new product sellers 

can benefit from the cannibalization effects in the green supply chain. 

2.2 Platform economy and distribution channel selection 

The platform economy is composed of various business activities centered on the 

data-driven online platform, including commercial transactions, financial 

intermediation, ride sharing and entertainment, and so forth (You 2020). The Agency 

channel run by the online platform owners (the E-retailers in this study) allows 

manufacturers to sell products. Once the products are sold to the customers through 

the Agency channel, economic activities based on the online platform take place. 

Therefore, this study follows the literature and takes the economic activities through 

the Agency channel as an exemplar of the platform economy (Xu and Lee 2020; Ciulli, 

Kolk, and Boe-Lillegraven 2019; You 2020). Through the Agency channel, the 

manufacturer can sell products on the E-retailers’ platform by paying commission 

fees (Hagiu 2007; Li and Ai 2019; Li et al. 2019c). The commission fee charged by 

the E-retailers can be also viewed as the revenue-sharing contract between the 

E-retailers and the manufacturers (He and Liu 2015). Alternatively, manufacturers can 

sell products through their own online platform, called the Self-Run channel in this 

study. Previous literature has summarized a few factors that affect a manufacturer’s 

channel selection. Through an experiment design study, Widodo and Januardi (2020) 

have explored the effect of dynamic price sensitivity on manufacturer’s pricing 
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decisions in each channel. Other studies include the manufacturer’s operating costs 

for the Self-Run platform, the commission fee of the Agency channel (Wang, Leng, 

and Liang 2018), the competition among the manufacturers (Li and Ai 2019; Zennyo 

2020), sales inefficiency in the Agency channel (Yan, Zhao, and Xing 2019; Yan, 

Zhao, and Liu 2018) and the strategies of E-retailers (Zhang and Zhang 2020; Li et al. 

2019c), and so forth. 

Most of the previous literature on channel selection strategy focuses on the 

distribution of new products rather than the remanufactured products. For example, Li 

et al. (2019b) analyze the impact of new product manufacturer’s online distribution 

channel strategy on the retailer’s retail channel sharing strategy. In addition, regarding 

the different sequence structures between the manufacturer and the retailer, the 

procurement strategy has been studied (Li, Zhang, and Liu 2019). 

A few recent studies have started to explore the distribution channel selection for 

remanufactured products (Jia and Li 2020; Wen, Xiao, and Dastani 2019), but they 

fail to consider the important emerging impacts of consumer green education in the 

context of green supply chain. Actually, consumer green education has significantly 

changed the remanufactured products’ market in recent years (Abbey et al. 2015; 

Chitra 2007; Wang and Hazen 2016). This study attempts to investigate the impacts of 

different degrees of consumer green education on the distribution channel selection of 

recyclers who sell remanufactured products. 

2.3 Consumer behavior in the recycling and remanufacturing operation 

The literature on consumer behavior, recycling and remanufacturing has 

demonstrated that consumers’ purchasing behavior varies with their environmental 

concerns (Shamdasani, Chon-Lin, and Richmond 1993). Some consumers are 

concerned with the environmental problems, and they usually prefer remanufactured 

products (Yenipazarli 2016; Ferrer and Swaminathan 2006, 2010). Meanwhile, some 

other consumers’ consumption behavior is independent of the environmental impacts 

(Chen 2001). Zhou, Xiong and Jin (2021) divide consumers into newness-conscious 

consumers (NCCs) who do not buy the remanufactured product at all, and the 

functionality-oriented consumers (FOCs) who are willing to buy a remanufactured 
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product at a low price. Many studies have shown that consumer green education can 

increase the acceptance of remanufactured products among the FOCs (Abbey et al. 

2015; Chitra 2007; Wang and Hazen 2016). 

However, when the remanufactured products are sold through an Agency channel 

which is run by new products’ sellers (e.g., the E-retailer), the commission fees paid 

by the remanufactured products’ sellers (e.g., the recyclers) increases as well. 

Therefore, with regard to green education, whether it is profitable for the recyclers to 

adopt the Agency channel remains unclear in the above literature. This study tries to 

extend this stream of literature by exploring the effect of consumer green education on 

the recycler’s selection strategy between the Self-Run and the Agency channels. 

 

3. The Model 

3.1 Problem description 

To investigate how consumer green education affects the recycler’s optimal 

remanufactured products’ distribution channel, we explore a green supply chain 

consisting of one recycler ( R ), one new product manufacturer ( M ) and an online 

E-retailer ( E ). Specifically, the E-retailer purchases new products from the upstream 

manufacturer with wholesale price w , and then resells to the consumer with retail 

price 
np . The recycler collects used products from the consumers with cost c , and 

after remanufacturing, sells them as remanufactured products at price 
rp . 

We consider two optional strategies of the recycler’s remanufactured products’ 

distribution channel, i.e., the Self-Run Strategy (hereafter, “Model S ”) and the 

Agency Strategy (hereafter, “Model A ”). In the Self-Run Strategy, the recycler sells 

remanufactured products on its own online, which incurs a fixed cost F  of operating 

remanufactured products sales, i.e., cost of developing and running an online 

distribution channel (Hagiu and Wright 2015). In the Agency Strategy (hereafter, 

“Model A ”), the recycler sells the remanufactured products through the online 

platform developed by the E-retailer, and pays a commission fee of its revenue at a 

rate of   to the E-retailer (Abhishek, Jerath, and Zhang 2016; Hagiu and Wright 
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2015; Kwark, Chen, and Raghunathan 2017). The Agency channel is a representative 

online business mode of the platform, and all the business activities that occur through 

the Agency channel belong to the platform-based economic activities. Therefore, we 

regard the sales of remanufactured products through the Agency channel as an 

exemplar of the platform economy. In addition, this study assumes that the E-retailer 

only sells new products, which is in line with normal practice. For example, while 

JD.com develops paipai.com as an Agency channel for recyclers to sell 

remanufactured products, JD.com only sells new products itself. 

Given the optional strategies of the recycler’s remanufactured products’ 

distribution channel, we have the following two green supply chain structures 

depicted in Figure 1. In the following, superscript S  and A  are used to denote the 

decisions and thresholds in Model S  and Model A  respectively. 

Manufacturer

Consumer

Recycler

E-retailer

 w

 
np

 
rp

 c

 

Manufacturer

Consumer

Recycler

E-retailer

 w

 
np

 
rp

 c

 

 

(a): Self-Run Strategy (b): Agency Strategy 

Figure 1. The strategies of the recycler’s remanufactured products distribution 

channel 

This study follows the literature and considers that the recycler only chooses one 

channel, rather than two, to distribute remanufactured products (Wen, Xiao, and 

Dastani 2019; Wang, Wang, and Wang 2016; He, He, and Xu 2019). Selling 

remanufactured products in dual channels might lead to severe channel 

cannibalization. In other words, the demand for remanufactured products in one 

channel may reduce due to the increased demand for them in the other channel (He, 

He, and Xu 2019). In addition, the remanufactured products’ sales boosted by the 
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consumer green education may be jeopardized by the channel cannibalization. 

Therefore, the channel cannibalization would discourage the recycler’s motivation to 

simultaneously sell through two channels. 

 

3.2 Market segment and consumer characteristics 

We assume there are two types of consumers in the market. One type only cares about 

whether the products are of reliable quality, which we call performance-prior 

consumers (PPCs). The other type, however, focuses on the novelty of products, 

which we call novelty-prior consumers (NPCs). The PPCs’ segment accounts for a 

certain fraction denoted by   0,1    in the market, while the NPCs’ segment 

accounts for 1  . We normalize the market size to 1 . Generally, the existing 

literature on green supply chain assumes that all the consumers are willing to buy the 

remanufactured products with a sufficiently low price (Ferrer and Swaminathan 2006; 

Atasu, Sarvary, and Van Wassenhove 2008; Savaskan, Bhattacharya, and Van 

Wassenhove 2004). However, this assumption has been challenged as some practical 

evidence and empirical research reveal that the NPCs would not buy the 

remanufactured products regardless of the price (Abbey et al. 2015; Ginsberg and 

Bloom 2004). 

In this respect, we consider consumer green education when we capture the 

consumer market segment. Empirical literature has shown that the main role of 

consumer green education is to encourage more consumers to buy green products, 

including remanufactured products (Abbey et al. 2015; Chitra 2007; Wang and Hazen 

2016). Therefore, we assume that consumer green education can change the NPCs’ 

perception of remanufactured products, thus enlarging the size of the PPCs’ group. 

Besides, the size of the PPCs’ segment   also depicts the effectiveness of consumer 

green education implementation. In line with the research of Zhou, Xiong and Jin 

(2021), we do not directly capture the cost of consumer green education. Instead, we 

focus on explaining the value of consumer green education in the decision-making 

regarding the optimal remanufactured product distribution channel for the recycler 
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and provide management value for the policy maker when implementing consumer 

green education. 

We assume consumers are heterogeneous in their willingness-to-pay (WTP). Let 

v  be a consumer’s valuation of the E-retailer’s new products, where v  is 

uniformly distributed over  0,1  in line with the literature (Agi and Yan 2020). In 

addition, the remanufactured products are valued at   0,1v    by the PPCs, and 

at 0 by the NPCs, where   is a constant discount factor for all consumers (Yan et al. 

2015; Agrawal et al. 2012; Kleber et al. 2018). Each consumer buys at most one unit 

of new product or remanufactured product. 

Then given the new product’s price charged by the E-retailer, all consumers 

enjoy a net utility of U =n nv p  from buying a new product. In addition, given the 

remanufactured product’s price charged by the recycler, the PPCs enjoy a net utility of 

U =r rv p   from buying a remanufactured product. The utility if a consumer forgoes 

buying any product is 0 . We assume that consumers are rational and make buying 

decisions to maximize their net utilities. We define n nv p  as the indifference point 

between buying a new product and not buying any product for all consumers, 

   1nr n rv p p     as the indifference point between buying a new product and 

buying a remanufactured product for the PPCs, 
r rv p   as the indifference point 

between buying a remanufactured product and not buying any product for PPCs. 

Therefore, considering the buying options available in each consumer group and using 

the above indifference points, Table 1 summarizes the buying choices for both NPCs 

and PPCs under different conditions. 

Table 1. The buying choice of a consumer in each consumer group 

Consumer’s type Consumer’s choice Condition 

NPCs 
Buy new product 

nv v  

Forgo buying 
nv v  
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PPCs 

Buy new product  max ,r nrv v v  

Buy remanufactured product  max ,r r nrv v v v   

Forgo buying 
rv v  

Based on consumers’ choice, we further define ,  n rq q  as the demands for the 

new and remanufactured products, respectively. The linear inverse demand functions 

are as follows: 

    1 , 1 1n n r r n r rp q q p q q q              (1) 

To seek meaningful management insights into the remanufacturing industry, we 

make the following assumptions. 

Assumption 1. The recycle cost satisfies  0max 0,c c , where the value of 
0c  is 

given in the Appendix. 

Assumption 1 ensures the recycler’s cost for recycling used products is higher 

than the consumer’s expected willingness to sell, therefore the recycler will have 

enough raw material to perform the remanufacturing (Li, Feng, and Luo 2019; Guo, 

Li, and Nie 2020). 

Assumption 2. All collected used products can be remanufactured and then resold to 

the consumers. 

We do not consider the case when a portion of the collected used products cannot 

be remanufactured; we focus on the selling channel of remanufactured products. 

Relaxing this assumption would complicate the mathematical calculations of our 

model and deviate from our main research question. Besides, this assumption is an 

abstraction of reality, and it is widely used in the remanufacturing related literature 

(Kleber et al. 2020; Guo, Li, and Nie 2020). 

Assumption 3. The fixed operating cost satisfies   3 1 20 min ,max ,F F F F  , 

where 
1 2 3F F F， ，  are given in the Appendix. 

This assumption ensures that there is always an alternative choice available for 

the recycler, which is to sell remanufactured products through the Self-Run channel. 
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Similar assumptions can be found in other literature (Wen, Xiao, and Dastani 2019; 

Tian et al. 2018; Jia and Li 2020). 

Assumption 4. The commission fee   satisfies  1,1 4   and is exogenous, 

where value for 
1  is given in the Appendix. 

In practice, the commission fee   is the same for each particular product 

category. For example,   ranges from 6% to 25% on Amazon and from 5% to 12% 

for most product categories on JD.com (Tian et al. 2018; Wang, Leng, and Liang 2018; 

Zennyo 2020). 

Assumption 5. The new and remanufactured product quantities satisfy 0 r nq q  . 

Note that the recycling and remanufacturing are feasible only if there are new 

products that have been used. Besides, one used product can only be remanufactured 

at most once, which means that the quantity of remanufactured products is 

constrained to the new products released in the previous period. To avoid trivial cases, 

we assume the quantity of new products is the same in both the previous and current 

period, which is a common assumption in literature on closed-loop supply chains 

(Kaya 2010; Zhou, Xiong, and Jin 2021; Kleber et al. 2018). 

3.3 Timeline of the game 

In this green supply chain, the recycler first decides which channel to sell the 

remanufactured products, i.e., the Self-Run channel or the Agency channel. Then after 

the manufacturer announces the wholesale price, the E-retailer decides the new 

product quantity and the recycler decides the remanufactured product quantity, 

respectively and simultaneously. 

 

4. Model Equilibrium Analysis  

In this section, we analyze the equilibrium of the game with backward induction 

considering the Karush–Kuhn–Tucker (KKT) conditions for all decision makers. 

4.1 Equilibrium in Model S  

In Model S , the recycler sells remanufactured products on its own distribution 

channel, thus the E-retailer’s revenue comes from the new product sales only. The 
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supply chain members’ optimization problems are as follows: 

 max S

M nw wq   

   max S

E n n nq p w q    

   max S

R r r rq p c q F     

. .0 r ns t q q   

Taking the manufacturer’s wholesale price decision as given, we first give the 

optimal response function of the new and remanufactured product quantity in 

Lemma 1. 

Lemma 1. In Model S , for a given wholesale price w , the E-retailer’s and the 

recycler’s optimal quantity responses are as follows. 
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(iii) Otherwise,  
1

2

S

n

w
q w 

 ,   0S

rq w  . 

Where 1

Sw  and 2

Sw  are given in the Appendix. 

Lemma 1 shows that the response quantity of new and remanufactured products 

varies with the decision of manufacturer’s wholesale price for different recycle cost. 

Specifically, when the recycle cost c  is sufficiently low 

  0. ., max 0, , 2i e c c   , the new and remanufactured products always coexist in 

the market, which causes a negative cannibalization effect to the new products’ seller 

(e.g., the E-retailer). Besides, while the new product quantity decreases with any 

given w  intuitively   . ., 0S

ni e q w w   , the remanufactured product quantity first 

increases and then decreases with the given w . This is because the double 

marginalization effect between manufacturer and E-retailer can be mitigated with a 

low w . In this case, the remanufactured product is of less competitive and the 

quantity is lower with a small w  1. .,0 Si e w w  . In contrast, with the increasing 

value of w  1. ., 1Si e w w  , the quantity constraint becomes binding, thus the 

remanufactured product quantity is equal to the new product quantity, decreasing with 

w  as well. 

When the recycle price c  is moderate   . ., 2,i e c   , the manufacturer has 

the chance to drive out the recycler and get rid of the negative cannibalization effect 

by means of strategic pricing. To be specific, if the quantity constraint is not binding, 

the manufacturer charges a relatively low w   2. .,0 Si e w w  , greatly reducing 

the cost for the E-retailer. Thereby the recycler with a lower cost advantage would 

forgo selling the remanufactured products in this case. 
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When the recycle price c  is sufficiently high, it is always detrimental for the 

recycler to compete with the E-retailer, thus the manufacturer could drive out the 

recycler at any w . 

Anticipating the optimal quantity response of the E-retailer and the recycler, the 

manufacturer strategically decides an optimal wholesale price to maximize its profit. 

Note that the optimal quantity response depends on the recycle cost c , which is also 

related to the consumer green education effect  , so the optimal wholesale price and 

product quantity differ with the value of   as shown in Proposition 1. 

Proposition 1. In Model S , the manufacturer’s, E-retailer’s and the recycler’s 

optimal decisions are shown in Table 2. 

Table 2. Optimal Decisions in Model S  

 Conditions 
Sw 
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nq 

 

S

rq 
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  0 1max 0, ,c c c    
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1

2
 

1

4
 0  

Where 
1c ,

2c  and 
1 .are given in the Appendix 

Proposition 1 further confirms the findings in Lemma 1. In line with intuition, a 

higher recycle cost reduces the benefit of collecting and remanufacturing, thus the 

quantity of remanufactured products always decreases with the recycle cost regardless 

of the consumer green education effect. 
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Besides, Proposition 1 also indicates some other interesting observations. To 

explain the economic rationale behind Proposition 1, we have Corollary 1 as follows. 

Corollary 1. The consumer green education may lead to a reduction of both the 

optimal new and remanufactured product quantity. 

  

(a) 
S

nq 
 with  10 0.2      (b) 

S

rq 
 with  10 0.2      

  

(c) 
S

nq 
 with  1 1 0.5      (d) 

S

rq 
 with  1 1 0.5      

Figure 2. Optimal quantities in Model S  1 2   

Corollary 1 shows a counterintuitive finding about the optimal quantities of new 

and remanufactured products, that is, consumer green education does not always 

improve the demands of new and remanufactured products. As we said before, a 

higher recycle cost leads to a lower quantity of remanufactured products, thus one 

may expect that the increase in recycle cost would strengthen the competitiveness of 
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the new product. However, Corollary 1 indicates the relationship between the optimal 

new product quantity and the recycle cost depends on the consumer green education. 

Figure 2 graphically illustrates the optimal new and remanufactured product quantities 

under the impact of recycle cost with different effectiveness of consumer green 

education implementation. 

When the consumer green education is inefficient as shown in Figure 2(a) 

 1. .,0i e    , the new product quantity increases with a low recycle cost 

  0 1. ., max 0, ,i e c c c   as the increase of recycle cost undermines the 

competitiveness of the remanufactured product. As the recycle cost increases slightly

  1. ., ,3 4i e c c  , the quantity of new product decreases with the recycle cost 

because of the potential threats from the recycler’s remanufactured product. In detail, 

the recycler runs the remanufactured product distribution channel with zero sales in 

this case, but once the quantity of new products increases, the remanufactured product 

quantity increases as well, which in turn results in the cannibalization between the 

new and remanufactured product. What is more, if the recycle cost is high enough

  . ., 3 4,1i e c  , the threat of the remanufactured product disappears as the recycle 

cost is too high for the recycler to earn a profit from selling remanufactured products. 

When consumer green education increases as shown in Figure 2(c)

 1 1. .,i e    , the characteristic of the optimal quantity shows significant 

differences from the case when consumer green education is low. Specifically, when 

the recycle cost is low   0 2. ., max 0, ,i e c c c  , the new product’s optimal quantity 

decreases with the recycle cost as well. This is because the recycler takes advantage of 

both the larger size of the PPC segment and the low cost, remanufacturing every used 

product available in the market. In this case, the wholesale price creates a 

discontinuity jump, thus the quantity constraint is binding  . ., S S

n ri e q q  , which 

means the recycler conducts full remanufacturing. Thereby, the severe cannibalization 

between the new and remanufactured products leading to the optimal quantities 
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decreases together with the recycle cost. 

Next, we move to explore the effects of consumer green education on the optimal 

decisions of the closed-loop supply chain members when the recycler sells products 

through the Agency channel. 

4.2 Equilibrium in Model A  

In Model A , the recycler chooses to sell the remanufactured products through the 

E-retailer’s Agency channel by paying a commission fee  . In this case, the 

E-retailer not only profits from the sales of new products, but also earns the 

commission fee from the recycler. The green supply chain members’ optimization 

problems in this model are as follows: 

 max A

M nw wq   

   max A

E n n n r rq p w q p q     

   max 1A

R r r r rq p q cq     

. .0 r ns t q q   

Performing the similar method to Model S , we have the optimal response 

function of the new and remanufactured product quantity in Lemma 2. 

Lemma 2. In Model A , for a given wholesale price w , the E-retailer’s and the 

recycler’s optimal quantity responses are shown as follows. 

(i) If     0max 0, , 1 2c c     , 
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(iii) Otherwise,  
1

2

A

n

w
q w 

 ,   0A

rq w  . 

Where 1

Aw  and 2

Aw  are given in the Appendix. 

When the recycler distributes remanufactured products through the Agency 

channel, Lemma 2 demonstrates a similar property to Lemma 1. In contrast, in Model 

A , the cannibalization can be softened by the manufacturer’s wholesale price 

decision. To further explore how the remanufactured product distribution channel 

affects the response quantities, we discuss the case when both the new and 

remanufactured products coexist in the market i.e.,    1 2 1c       . By 

comparing the wholesale price threshold points in Lemma 1 and Lemma 2, we have 

    
    

1 1 2 2

22 2 1 2
,

2 2 2 1 1

A S A Sw w w w
c c    

      

  


 

  



 . 

It is obvious that 1 1 2 2,A S A Sw w w w   holds for all     1 2, 1c        . The 

economic significance behind this lies in two aspects. First, the Agency channel 

weakens the competitiveness of the recycler, resulting in a smaller range where the 

quantity constraint binds. Therefore, the recycler’s low-cost advantage is weakened. 

Second, the Agency channel sharpens the detrimental effect of the manufacturer’s 

wholesale price decision on the recycler. In other words, in Model A , even with a 
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higher wholesale price  2 2. ., A Si e w w , the negative effect of cannibalization can be 

relieved by the manufacturer’s pricing decision. 

The above two negative effects in Model A  emerge in that the recycler relies 

on the E-retailer’s Agency distribution channel to sell remanufactured products, which 

provides an additional source of income for the E-retailer. For every remanufactured 

product the recycler sells, the E-retailer can earn a portion of the revenue, creating a 

greater profit margin for new product selling. Meanwhile, it is also beneficial for the 

manufacturer to produce new products without being constrained by the quantity 

binding. 

However, the consumer green education effect can soften the Agency channel’s 

negative effects on the recycler in Model A   1 1. ., 0A Si e w w     . With a better 

consumer green education, the potential market of remanufactured products enlarges, 

and more consumers are willing to buy the remanufactured products, which makes up 

for the recyclers’ loss of profit caused by the Agency channel. 

Proposition 2. In Model A , the manufacturer’s, E-retailer’s and the recycler’s 

optimal decisions are shown in Table 3. 

Table 3. Optimal Decisions in Model A  

Conditions 
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Where 
1 , 

2 , 
3  and 

3c  are given in the Appendix. 
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(a) 
A

nq 
 with  10 0.2      (b) 

A

rq 
 with  10 0.2      

  

(c) 
A

nq 
 with  1 1 0.5      (d) 

A

rq 
 with  1 1 0.5      

Figure 3. Optimal production quantities in Model A  1 2, 1 8    

The quantities of new and remanufactured products are graphically illustrated in 

Figure 3. Note that the manufacturer always prefers to charge a relatively low 

wholesale price  1. ., Ai e w w  to maintain the market advantage compared to the 

remanufactured products in Model A . As a result, the quantity constraint does not 

work even for a low recycle cost, and the remanufactured product is in a passive 

position in competition with the new product. 

However, the recycler’s remanufactured products’ distribution channel makes a 

difference to the effect of consumer education. When the new and remanufactured 
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products are involved in fierce competition  . ., 0n ri e q q  , the quantity gap 

between them responds differently to the consumer green education. Comparing the 

quantity gap between the two models when   0 3max 0, ,c c c   gives  

   
  

2 2
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Comparing these two terms, we demonstrate that there exists a threshold c , 

where the quantity gap first decreases then increases with the effect of consumer 

green education in Model A , while it always decreases in Model S . These 

differences indicate the E-retailer uses the commission fee revenue from the Agency 

channel to compete with the recycler, leading to an increase of the quantity gap even 

when the remanufactured products’ potential consumer segment enlarges. That is to 

say, the recycler saves the Self-Run operating cost at the expenditure of weakening its 

own competitiveness. 

 

5. Recycler’s Optimal Distribution Channel Strategy Analysis  

In this section, we move to study the optimal channel strategy of the recycler. We 

begin by deriving the recycler’s optimal distribution channel strategy, and then we 

explore the impacts of optimal distribution channel strategy on the E-retailer in a 

representative case. 

5.1 Recycler’s Optimal Distribution Channel Strategy 

Plugging the optimal decisions in Lemma1 2 into the supply chain members’ profits, 

we have their equilibrium profits which are shown in the Appendix. Comparing the 

recycler’s profits in Model S  and Model A , we have the following proposition. 

Proposition 3. There exist  self-run distribution channel fixed operating cost 

thresholds  1 2min ,F F such that the recycler’s optimal channel strategy is as 

follows: 
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(1) When  1 20 min ,F F F  , the recycler prefers Self-Run distribution channel if 

  0 1max 0, ,c c c   and Agency distribution channel otherwise. 

(2) When     1 2 3 1 2min , min ,max ,F F F F F F  , the recycler prefers Self-Run 

distribution channel if  10,   and  3 1,c c c ,  1,1   and 

    0 2 4max 0, ,min ,c c c c   or  1,1   and   3 5 1min , ,c c c c  . 

Otherwise, Agency distribution channel is more preferable.  

Where 
4c  is the root of 

2 3F F , and 
5c  is the root of 

1 2F F . 

  

(a)  1 20 min ,F F F   (b)     1 2 3 1 2min , min ,max ,F F F F F F   

Figure 4. Optimal Distribution Channel for Recycler  1 2, 1 8    

In order to reveal the impacts of consumer green education on the recycler’s 

remanufactured products’ distribution channel intuitively, Figure 4 presents a 

representative plot demonstrating Proposition 3. Intuitively, a lower fixed cost of 

developing a Self-Run distribution channel induces the recycler to sell 

remanufactured products through its own channel. However, the impacts of consumer 

green education on the recycler’s channel preference vary with the fixed operating 

cost. 

When the fixed cost is low   1 2. .,0 min ,i e F F F  , the recycler always 
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prefers to set up a Self-Run channel unless the recycle cost is too high to carry out 

remanufacture  1. .,i e c c . This is quite understandable because the low fixed cost 

reduces the recycler’s total cost, therefore provides a larger profit margin by selling 

remanufactured products. In this way, the recycler could bear a relatively high recycle 

cost when used products are collected. In particular, with the increase of consumer 

green education effect, the recycler’s competitiveness increases as well. In particular, 

when the recycle cost is low enough, the recycler and the E-retailer are evenly 

matched   0 1. ., max 0, ,i e c c c  . The quantity of new product is constrained by the 

remanufactured product, which leads to severe cannibalization between the new and 

remanufactured products. 

When the fixed cost is high      1 2 3 1 2. .,min , min ,max ,i e F F F F F F  , in 

contrast, the recycler’s channel preference hinges on the interaction between the 

effects of consumer green education and the recycle cost. From Proposition 3(2), we 

can say that the recycler faces a trade-off between its market competitiveness and the 

heavy fixed cost burden. The high fixed cost forces the recycler to sell 

remanufactured products through the Agency channel. While the Agency channel 

lowers the fixed cost burden of distributing remanufactured products for the recycler, 

in turn, it weakens the market competitiveness of remanufactured products as we have 

said in Proposition 2. 

Moreover, consumer green education further complicates the tradeoff when the 

recycler chooses the distribution channel. To shed light on these results, we have 

Corollary 2 as follows. 

Corollary 2. When     1 2 3 1 2min , min ,max ,F F F F F F  , the recycler would 

forgo developing a self-run channel as long as  10,   and   0 3max 0, ,c c c  , 

 1,1   and     2 4 3 5min , ,min ,c c c c c  . 

In contrast, Corollary 2 indicates that when the fixed cost is high, even with a 

sufficiently low recycle cost, the recycler may forgo setting up a Self-Run distribution 

channel. This can be explained from the perspective of consumer green education 



 28 

effects. 

If the implementation of consumer green education is less effective

  1. ., 0,i e   , compared with the case when the fixed cost is low, the recycler 

always prefers the Agency channel when the recycle cost is low   0 3max 0, ,c c c  . 

In this case, the recycler bears a low remanufactured marginal cost, which raises the 

competitiveness of the remanufactured product even when the PPCs segment is small. 

This is why the recycler chooses the Agency channel rather than develops a Self-Run 

channel. However, with the increase of recycler cost, the remanufactured product’s 

cost edge erodes. The fixed operating cost saving cannot cover the loss of weakened 

market competitiveness, thus the recycler switches to the Self-Run channel. Once the 

recycle cost is high enough, the recycler gives up the Self-Run channel to avoid the 

fixed cost. 

If the implementation of consumer green education is effective   1. ., ,1i e   , 

the recycler is more willing to sell remanufactured products through the Self-Run 

channel. The difference between the impacts of high and low consumer green 

education on the recycler’s channel preference can be explained from two aspects. 

First, when the implementation of consumer green education is successful, the low 

recycle cost     0 2 4. ., max 0, ,min ,i e c c c c   ensures the recycler’s market 

competitiveness and cost advantage. Therefore, the recycler is dedicated to collect 

more used products for remanufacturing. In this case, the demand for new products 

decreases to the same level as the remanufactured products, allowing the recycler to 

occupy absolute market advantage. Besides, the high profit-margin of the 

remanufactured product compensates for the fixed cost. This explains why the 

recycler would always choose to own a Self-Run channel even when the fixed cost is 

high. Second, with a relatively high recycle cost     2 4 3 5. ., min , ,min ,i e c c c c c  , 

the recycler may switch from the Agency channel to the Self-Run channel. This 

insight is based on the idea that consumer green education softens the recycler’s high 

fixed cost burden, so compared to the case with a low consumer green education 
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effect, the recycler could afford the total cost and personally operate the 

remanufactured product distribution channel with a much lower recycle cost range

  3 5 3. ., min , ,i e c c c c  . 

 

5.2 The Impact of Recycler’s Optimal Distribution Channel Strategy on E-retailer 

In this subsection, we seek to examine how the recycler’s distribution channel 

preference for remanufactured products shapes the outcome of the E-retailer’s profits. 

To avoid trivial and uninteresting cases, we only discuss a general case with 1 2   

and 1 8  . Before analysis, we first calculate the E-retailer’s optimal profit without 

remanufactured products as a benchmark for further comparisons. 

Let superscript N  represent the case when there is no remanufactured product 

in the market. Substituting 0rq   into the inverse demand function of the new 

product in Equation (1), we have 1n np q  . Then the optimization problems of the 

manufacturer and the E-retailer are  max N

M nw wq   and 

   max , . . 0N

E n n n nq p w q s t q     respectively. Conducting the backward 

induction method, we get the manufacture’s optimal wholesale price as 1 2Nw   , 

and the E-retailer’s optimal new product quantity as 1 4N

nq   . Correspondingly, the 

profits of the E-retailer are 1 16N

E
  . 

Proposition 4. Given the recycler’s optimal distribution channel strategy, the 

E-retailer may benefit from the cannibalization effect of remanufactured products in 

the following conditions: 

(i) When the implementation of consumer green education is ineffective, i.e.,

 1 1 2, 1 8
0,

 
 

 



, and  1 1 2, 1 8
2,c c

 


 



 or  6 1 1 2, 1 8
,c c c

  



; 

(ii) When the implementation of consumer green education is effective, i.e.,

 1 1 2, 1 8
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, and    6 2 4 1 1 2, 1 81 2, 1 8
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Where 
6c  is the root of  

1 2, 1 8
0A N

E E
 

  

 
  . 

  

(a)  1 20 min ,F F F   (b)     1 2 3 1 2min , min ,max ,F F F F F F   

Figure 5. The Impacts of Recycler’s Optimal Distribution Channel Strategy on E-retailer 

 1 2, 1 8    

The relationship between the E-retailer’s profits under the recycler’s optimal 

distribution strategy and the case of no remanufactured products is graphically shown 

as Figure 5. 

Interestingly, the results of Proposition 4(1) are independent of the recycler’s 

distribution channel preference. In other words, the E-retailer always benefits from 

the cannibalization effect of remanufactured products when the recycle cost is high. 

However, how much the E-retailer can benefit from a low consumer green education 

depends on the recycler’s fixed cost. We explain this observation from two viewpoints. 

First, when the recycler bears a low fixed cost and chooses the Self-Run channel, a 

low recycle cost strengthens the market competitiveness of the remanufactured 

products, thus the consumer green education contributes less to the improvement of 

the E-retailer’s profit increment. Second, when the recycler bears a high fixed cost 

and has no choice but to choose the Agency channel, the commission fee makes up for 

the loss due to the market weakness. Hence, cannibalization between the new and 

remanufactured products in the market is better for E-retailers even when the recycle 
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cost is relatively low. 

In contrast, Proposition 4(2) indicates that with an effective consumer green 

education, if the new product quantity is constrained by the remanufactured product, 

regardless of the fixed cost, it is always beneficial for the recycler to conduct 

remanufactured product sales through the Self-Run channel. Besides, this would lead 

to a loss of profit to the E-retailer. This finding is consistent with what we discussed 

in Corollary 2. In this situation, the recycler has an absolute advantage in the market, 

getting as much attention as the new products. Or we can say, the E-retailer is harmed 

by the quantity and distribution decisions of the recycler. 

 

6. Conclusions and Discussions 

In the green supply chain, the recycler collects used products and then 

remanufactures them into like-new products. When selling the remanufactured 

products, the recycler can choose either the Self-Run channel or the Agency channel. 

Through a two-period game theory model, we study the effects of consumer green 

education on the recycler’s selection strategy between two distribution channels for 

remanufactured products. In addition, given the recycler’s decision on the distribution 

channel, we determine the conditions where the E-retailer (new-product seller) can 

benefit from the cannibalization effect of the remanufactured product in the green 

supply chain. 

Our study has two interesting findings. First, while traditional literature suggests 

that it is not profitable to run a Self-Run channel when its development and operating 

costs are high (Hsiao and Chen 2014; Wen, Xiao, and Dastani 2019), our finding 

argues that when the effect of consumer green education increases, the recycler should 

still choose a Self-Run channel. Second, in contrast with the previous literature that 

claims the cannibalization effect of remanufactured products is detrimental to the new 

products’ seller (Ferguson and Toktay 2006; Atasu, Sarvary, and Van Wassenhove 

2008), our results reveal that if consumer green education is under-developed, the 

cannibalization of remanufactured products is beneficial to the new product seller 

(E-retailer) when the recycler chooses the Agency channel. 
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6.1 Theoretical implications 

This study has made two significant theoretical contributions. First, this study 

challenges the previous literature which usually claims that the high cannibalization 

effect of remanufactured products reduces the profits of new product sellers (Ferguson 

and Toktay 2006; Atasu, Sarvary, and Van Wassenhove 2008). By considering 

consumer green education in the green supply chain, our study reveals a 

counterintuitive case that the new product sellers (e.g., E-retailers) may benefit from 

the high cannibalization. This study is more applicable to the current remanufactured 

product market than the previous research for two reasons. First, under the platform 

economy, even if the E-retailers do not sell the remanufactured product directly, they 

can still get the commission fee paid by the recycler who uses the Agency channel. 

Second, in the context of widely spread consumer green education (Zhou, Xiong, and 

Jin 2021), the enlarged remanufactured product market further increases the 

E-retailer’s commission fee revenue from the remanufactured product sales. This 

study shows that the E-retailer can be better off from the cannibalization of 

remanufactured products when the recycler distributes their products through the 

Agency channel. In this way, this study gives new insights on cannibalization research 

in the recycling and remanufactured literature.  

Second, this study adds new insights to the literature on the recycler’s 

distribution channel selection strategy. Traditional wisdom holds that the recycler 

should forgo the Self-Run channel when its development and operating costs are high 

(Hsiao and Chen 2014; Wen, Xiao, and Dastani 2019). Interestingly, this study 

identifies a scenario where the Self-Run channel is always preferable for the recycler. 

As consumer green education becomes popular, the market for remanufactured 

products is enlarged (Abbey et al. 2015; Chitra 2007; Wang and Hazen 2016). 

Unfortunately, the previous literature on distribution channel selection usually does 

not consider the impacts of consumer green education (Wen, Xiao, and Dastani 2019) 

and, therefore, its findings may be misleading. This study takes into consideration 

consumer green education and models the consumer market in which the new and 

remanufactured products co-exist. We find that consumer green education plays a 
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significant role in the channel selection of the recyclers who sell remanufactured 

products. In particular, when the cost of the Self-Run channel is high, the recycler 

should still choose it only if the consumer green education reaches a certain level.  

6.2 Managerial implications 

This study has three managerial implications. First, when the consumer green 

education is well developed, the recycler should choose the Self-Run channel to sell 

remanufactured products even when its operating cost is high. For example, Gazelle is 

able to enjoy the well-developed consumer green education in the United States and 

to bear the high cost of owning the Self-Run distribution channel for remanufactured 

products. However, the relatively less developed consumer green education in China 

forced Aihuishou to abandon the Self-Run channel and to sell remanufactured 

products through the Agency channel. Second, the E-retailer who sells new products 

and runs the Agency channel should reduce the sales of new products to limit the loss 

of profit when the consumer green education is efficient. In addition, if the recyclers 

are under a heavy cost burden for running a Self-Run channel, the E-retailer should 

invest in consumer green education, and open an Agency channel to the recyclers to 

sell remanufactured goods. In this way, the E-retailer can earn additional profits 

through the commission fees revenue in addition to the new products sales. Third, the 

policy makers should further encourage the development of consumer green education 

and platform economy, to help recyclers to expand the green products’ market and 

reduce distribution costs of remanufactured products. This is helpful for long-term 

green and sustainable development. 

6.3 Limitations and future research 

This study is not without limitations. First, this paper assumes the consumers 

have the same acceptance of the Self-Run channel and the Agency channel, future 

research to relax this assumption could be meaningful. Second, we consider a 

deterministic demand in our model. Future research is encouraged to incorporate the 

demand uncertainty in the decision of recycler’s channel selection. Third, this study 

only examines the channel selection for the monopoly recycler. Future study could 

extend our results to the channel selection of competitive recyclers. 
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