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Abstract

:

Motivated by the industrial observation that the e-commerce platform marketplaces (e.g., Amazon) are increasingly launching sustainable strategies, this study aims to build an analytical framework to guide managers on making sustainable decisions. This study builds a stylized game-theoretical model in the sustainable supply chain context, where the competitive traditional product manufacturers sell their products through the platform’s marketplace, while the platform decides whether to introduce the green products and the pricing strategy. We find that, when the evaluation difference for the green product is sufficiently low, the introduction of the green product by the platform benefits the manufacturers (or third-party sellers). Interestingly, a higher platform fee makes a higher likelihood of a win-win situation between the platform and manufacturers. Moreover, when consumers value green products sufficiently higher than traditional products, the traditional products’ manufacturers can also benefit from the green product entry.
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1. Introduction


1.1. Motivation of Industrial Observation


E-commerce platforms are gradually attaching importance to the introduction and sale of green or environment-friendly products. It is reported that Amazon has launched an “eco-friendly” shopping platform in the UK and other European countries to sell household products with sustainable credentials. Moreover, a new green e-commerce platform VEO launched in June of 2019 in the UK, even calling itself “Earth-friendly Amazon”. Wal-Mart, one of the largest retailers that turn to operate as a platform-based enterprise, is a typical example to embed suitability strategies in their business strategy [1]. Wal-Mart has increased its investment in products’ energy-saving performance, improving 25% efficiency of products with the energy-intensive initiative [2]. At the policymaker level, the Chinese government even openly advocates e-commerce platforms to fulfill their green responsibilities and develop and launch more green products. For the environment aspect, consumers choose more green products can also promote the development of environmental protection. It is therefore urgent for the platforms to facilitate green products with eco-friendly characteristics.



To cater to the trend of sustainable development, the platform has started to introduce green products. However, this green strategy is bound to conflict with the existing third-party sellers or manufacturers on the platform. Fundamental differently with the traditional retailing mode, under which the manufacturers first wholesale the products to retailers. Then the retailers sell them to consumers at a retail price, and the manufacturers determine retail prices and pay a fraction of revenue to the platform under this model. Under this new emerging mode, the classic double marginalization effect is eliminated, which often plays critical roles in much supply chain literature (e.g., Huang et al. [3] and Lou et al. [4]). Instead, the platform fee for the manufacturers charged by the platform plays a new role in shaping manufacturers’ pricing behaviors for the on-sales products, most of which are traditional products. On the one hand, the extent of the platform fee decides how much revenue the manufacturers save for themselves; on the other hand, it also affects the platform’s gains between from the manufacturers and from the green products. Moreover, the competition among manufacturers also affects whether the platform introduces the green products considering its overall profitability. Therefore, the Platform-led supply chain has raised a series of new questions different from the traditional supply chain management [5]. In the specific context of this study, we focus on the pricing strategy of the platform and competitive manufacturers as well as the effects of green product involvement.




1.2. Motivation of Literature Background


A retrieve of the previous work on green product strategy in a supply chain context shows no prior studies examining the pricing strategy of the green product with both impacts of platform selling mode and upstream competition among traditional product manufacturers. In this study, we adopt an extended Hotelling model, which is taken as a spatial location model, to study the horizontal differentiation between competing firms. In the literature, the Hotelling model was first applied to characterize two firms competing within a linear city. Salop [6] presents a variant of Hotelling’s model (known as the circular spatial market model). In addition to the circular model, Zhang and Zheng [7] incorporate a line of fixed length to represent consumers’ heterogeneous preferences for certain product characteristics, which in turn forms a cylinder model. Biscaia and Mota [8] provide a critical review of models based on spatial competition. The spatial model can easily capture consumers’ preferences on firm’s location. We extend the Hotelling model by adding a divergent line to capture consumers’ heterogeneous preferences over green product characteristics. We remark that a similar version of this model was studied by Chen and Riordan [9], but their focus is on the product variety of multiple manufacturers. In our model, each line represents a consumer segment and their preferred products, thus it appropriately depicts the sales and competition of green products on the platform, which is the phenomenon that this study tries to investigate.



Moreover, most of the previous work on green product strategy focus on greenness level decisions of the manufacturer (e.g., Guo et al. [10], Heydari et al. [11], Hong and Guo [1]), this study focuses on the pricing strategy of the green product in the platform-selling background. Furthermore, most of the green product models always assume that the consumers are willing to pay more for the green product compared with the traditional products. However, in reality, given that a green product has the same cost as a traditional product, this means that a green product may need to invest some of the budgets that would otherwise be devoted to developing the product’s functional properties into green properties. This means that consumers may not always be willing to value green products more than traditional products. In our model, we consider both situations that the consumers’ valuation for green product may be lower or higher than the traditional products.




1.3. Research Questions


Motivated by the industrial observations and literature, the research of this study is to address the following natural questions:




	
Should the platform introduce the green product to compete with traditional product manufacturers who are selling products on its marketplace?



	
Will the green product introduced by the platform hurt the existing manufacturers?



	
How does the platform selling mode as well as competition among existing manufacturers affect firms’ price decisions?








The aim of this study is to explore the strategies of the platform’s pricing strategy with the involvement of green product, and the manufacturers’ strategies to cope with green product entry. Our study helps to shed light on why the platforms are willing to introduce more and more green products, and clarifies the key drivers of firms’ pricing strategies facing green product entry. Combined with the current commercial trend of the platform economy and the economic motivation of green product sales, this study also tries to bring some managerial insights for enterprises’ green decision-making.




1.4. Key Findings


Our analysis yields several key findings. First, when the evaluation difference for the green product is sufficiently low, green product’s entry benefits the traditional product manufacturers. The platform always benefits from the introduction of the green product. This implies that manufacturers need not always worry about the product cannibalization issue caused by the green product entry. The key driver of this win-win situation is that the green product absorbs less loyal consumers for traditional products so that all firms can focus on their loyal consumers. At the same time, the competition among manufacturers could be mitigated as well. The threshold of valuation difference also depends on the magnitude of platform fee as well as the consumers’ attitudes to the green product. Second, a higher platform fee makes a higher likelihood of a win-win situation between the platform and manufacturers. In the recent retailing world, platforms such as Amazon and JD.com are more and more monopolistic, and the manufacturers will be worse off if the platforms raise platform fees. To take the case without green product as a baseline, a green product may more likely increase the manufacturers’ profits. Last, as the platform introduces a high-valued green product, the manufacturers can even benefit from the green product entry when the valuation difference for the green product is high enough. In this circumstance, the green product takes some less loyal customers of traditional products, which in turn makes the manufacturers focus more on their loyal customers and also obtain more profits.




1.5. Research Methodology and Structure


We employ a stylized game-theoretical model to examine the impacts of a low-valued green product, which captures the features of a typical platform supply chain with a platform and competitive manufacturers. The model is based on the Hotelling model [12], and also we extend it to mimic the featured marketplace in the context of this study. Furthermore, our model can also help to examine the impacts of a high-valued green product under the same settings.



The remainder of this study is organized as follows. Section 2 reviews the relevant literature. Section 3 setups the model’s framework by employing an extended Hotelling model. Section 4 analyzes the benchmark without green product entry. Section 5 analyzes the case with green product entry and obtains related insights about the impacts of the green product. In Section 6, we extend the basic model by considering a high-valued green product. Section 7 concludes this study and discusses the limitations which provide some directions for future research. All proofs are provided in the Appendix A.





2. Literature Review


Our focus is on how green product introduction and traditional product competition affect firms’ price decisions in the platform supply chain. For brevity, we limit our review to literature related to green product introduction, platform supply chain, and online product competition. In what follows, we review the extant research in these areas and highlight the contributions of our work.



In the context of green product introduction decisions, some studies investigated the impacts of green product’ positioning and pricing problems. For example, Hong et al. [13] examine a green product competes with an existing traditional product in a manufacturer-retailer supply chain, and they find that consumers’ reference behaviors significantly influence the green product’s positioning and pricing strategies. Agi and Yan [14] investigate the impact of the supply chain’s power structures on the pricing strategies of a newly introduced green product against with existing traditional product. The authors find that a manufacturer-led structure is better than a retailer-led structure to launch the green product. By simultaneously considering consumer environmental awareness and non-green (regular) product reference, Hong et al. [15] investigate a green-product pricing problem, and the authors reveal that the green product’s pricing strategy is significantly affected by asymmetric information. Wang et al. [16] investigate the influence of inter-supply-chain competition on the wholesale price, and the green degree of the green supply chain members, and their results indicate that the inter-supply-chain competition has a negative correlation with the wholesale price of green product. Meng et al. [17] explore products collaborative pricing policies in a dual-channel green supply chain; the authors find that government subsidies can cause lower price but higher demand for green products; furthermore, government subsidies also make the manufacturer better off, while the retailer’s profit depends on the number of government subsidies. Chen and Sheu [18] examine a company’s green product entry decisions by considering the effect of market uncertainty and consumer rationality. Nielsen et al. [19] examine the optimal pricing and investment decision of green product for two competing green supply chains, and they explore that the strategic integration decision with rivals at the horizontal level or with partners at the vertical level have any effect on green product types. Unlike traditional competitive analysis of non-green products, differentiation may not always be the best choice for society, and the authors show that the non-differentiation for the green product is favorable. Jamali and Rasti-Barzoki [20] investigate the pricing and greenness decisions of the green product in competition with the non-green product. In their model, the market consists of two dual-channel supply chains, including retail and internet channels, while the green product distributed solely by one supply chain, and their analysis yields that the centralized scenario cause achieves a high green degree comparing with the decentralized scenario. Unlike previous research, this study focuses on the pricing strategy of the green product in the platform-selling background. Our study is close to Xu [21], who also uses a game-theoretical model to study the interactions between an entrant and an incumbent in an e-commerce marketplace; however, their model incorporates neither the effect of competition among incumbents nor the impact of a green product. Besides, to the maximum of our knowledge, our model first examines the impact of traditional product competition on green product introduction as well as pricing decisions.



With the rise of the platform economy in recent years, the platform selling model gradually causes a boom in academic research. A similar selling model, as a store-within-a-store which is normally adopted in department stores, is firstly examined by Jerath and Zhang [22]. Under an online retailing setting, Abhishek et al. [23] investigate whether and when the e-tailers should use a platform selling model or and conventional reselling model. Similarly, Tian et al. [24] investigate a dominant e-tailer’s platform selling decisions for competitive upstream suppliers. Both above studies specify the strategic role of platform selling in eliminating the double marginalization effect, which always occurs under the conventional reselling model. Cao et al. [25] examine the dilemma faced by firms who sell new and remanufactured products offline that need to consider whether to enter e-commerce platforms considering that more and more consumers are shopping online on e-commerce platforms rather than shopping offline. Yan et al. [26] investigate whether and when the manufacturer should introduce the platform selling in addition to the reselling channel, they also study these problems by incorporating online spillover. Zhang and Zhang [27] examine the e-tailer’s demand information sharing strategy with the manufacturer who may operate brick-and-mortar stores offline, they also compare the impacts of two prevailing retailing including agency selling and reselling. Wei et al. [28] investigate two competitive e-tailers’ selling format choices (reselling or agency selling) for the common manufacturer’s products on their online platforms, and they also model the effects of e-tailers’ referral fees and the difference in e-tailers’ market shares. In the context of the hotel industry, Liao et al. [29] and Ye et al. [30] study the different strategic effects between reselling and agency selling in a monopolistic and competitive environment, respectively. Fan et al. [31] examine the value of this horizontal cooperation behavior in an e-commerce platform setting, and they find that horizontal cooperation can foster channel coordination. Bai et al. [32] investigate how government subsidies affect pricing and service quality strategies under different online recycling channel structures that include an e-commerce platform. The authors find that manufacturers gain a competitive advantage from subsidies by offering higher recycling prices, which forces the platform to raise recycling prices as well. Unlike previous studies, this study examines the impacts of the platform selling model on the decisions of green products in the platform supply chain. The green products introduction is becoming an emerging trend in the e-commerce platform retail environment, but it has rarely been mentioned in previous studies.



Related to our study, several studies focus on the effects of competition in the online supply chain mode. Ba et al. [33] investigate several e-tailers compete on price as well as the positioning of their quality offerings through a general vertical differentiation model in an oligopolistic setting. They find that the adverse price effect still holds in a more general setting. Ding et al. [34] investigate service competition in an online duopoly market, and the duopoly retailers compete in both price and service time. As an increasing trend of Omni-channel retailers that operate physical and online channels, Jin et al. [35] investigate the retailers’ strategic decisions on the adoption of the cross-channel return policies from in a duopoly setting, they find that the adoption of the buy-online-return-to-physical store policy by one or both retailers can occur in equilibrium if the retailers are sufficiently differentiated. In a more general setting, Fan et al. [36] examine two competitive e-tailers’ physical store mode decisions, that is, to launch physical stores for showing only (as a showroom) or for actual transactions (as a selling store). They find that an asymmetric channel configuration occurs in equilibrium when the proportion of the store consumer segment is not too high. In the contexts of symmetric information and asymmetric information, Cao et al. [37] respectively explore a retailer’s optimal return strategy offline and whether or not to enter a platform. Differing from above studies, this study builds an extended the traditional Hotelling model, and expands a line segment of the original model into three lines. In our model, each line represents a consumer segment and their preferred products, thus it perfectly depicts the sales and competition of green products on the online platform.




3. The Model


Consider a platform supply chain where two symmetric manufacturers (M1 and M2) enroll in an E-commerce platform (E) and sell directly to consumers. The manufacturer M1 (M2) sells product T1 (T2) in E’s marketplace at the expense of paying a commission fee. We assume that Product T1 and T2 are horizontally differentiated traditional products without green characteristics. E has the option to sell a green product (G) in its own self-run store, which is also horizontally differentiated from extant traditional products. This assumption is reasonable because the platforms such as Amazon usually have uncanny ability to tap consumer data and position the green products rightly. For example, Amazon recently launched a new program to help customers discover and shop for sustainable products [38].



3.1. Firms


As shown in Figure 1, we model the featured marketplace using an extended Hotelling model [12]. Each of the products competing in the market offers one variety. To simplify the presentation of our analysis and clarify the key drivers for our main insights, the per-unit production costs for all products are assumed to be equal to  c , where  c  is a constant and normalized to zero. Thus, the green product G owns more eco-friendly characteristics but may have less functional performance, since the traditional products can invest more in functional research and development than the green products under the same budget. The traditional products and green product indexed   j ∈     T 1 ,   T 2 ,   G    , are located at three ends of the triple Hotelling line as shown in Figure 1., respectively. Following Kuksov and Lin [39], Rhee and Thomadsen [40], and Jing [41], we assume consumers derive a base value    V j  =  v b  +   ρ v   from the product  j , where    v b  ≥ 0   is a constant that represents basic utility to all consumers when the product meets the minimum quality standard   v _  . In other words,    v b    captures the reservation value of a consumer who does not need more than a basic product of minimal quality.   v ∈        v _  , + ∞     defines the product quality and valuation where   ρ ∈     0 , 1     is a scale factor that reflects consumers’ attitudes to green products. We let   ρ = 1   for traditional products while   0 < ρ < 1   for green products in the basic model. It captures that the valuation of the green product for the consumer is lower than the traditional product under the same cost. We will relax this assumption in Section 6 to assume   ρ ≥ 1  .




3.2. Consumers


As shown in Figure 1, we assume a unit mass of consumers is uniformly distributed on the Hotelling lines. Each of the lines starts from the midpoint (center) with unit length, in our model, three lines of one-half length form a local market segment for each product. Each line (denoted as    l j   ) terminates at the center and originates at the other end. Consumers preferring product  j  are distributed on line    l j    and called as product  j ’s local consumers. Denote the consumer on line  j  at a distance  x  from the origin by (   l j   ,  x ), where   x ∈     0 ,  1 2       , where   j = T 1 , T 2 , G .  



If this consumer buys the local product  j , she will derive the (indirect) utility    U j  =  V j  − t x −  p j   , where  t  is the consumers’ strength of preference to product characteristics and    p j    is the price of the product  j . Instead, if the consumer chooses to buy another product  k , she must travel a distance of (  1 − x  ) because the distance between any two products is equal to 1. Hence, the (indirect) utility derived from the nonlocal product  k  will be    U k  =  V k  − t   1 − x   −  p k   . The marginal consumer who is indifferent between the two products, i.e.,    U j  =  U k   , is at a distance     x ^   j , k   =    V j  −  V k  + t +  p k  −  p j    2 t     from product  j .



When making a purchase decision, it is intuitive that consumers can easily find all products set by the search engine of e-platform. Hence, unlike the literature on the Hotelling model assumes that consumers consider at most two products in one line, our model allows a consumer to any other lines in addition to the local line in which she resides. Particularly, when E does not introduce product G, all consumers in line (   l G   ,  x ) will choose traditional products (T1 or T2) that offer a lower price. When both traditional products have an identical price, we assume that consumers randomly choose one of them. Furthermore, we assume that    v b    is relatively high so that the market is fully covered; that is, each consumer will buy one product from the marketplace. Our consumer choice model captures consumers’ differences in attitude between traditional and green products. Meanwhile, it also captures the competition that exists in the marketplace already.




3.3. Game Sequences


We model the interaction among the M1, M2, and E as a Stackelberg game. We treat the platform proportional fee   f ∈     0 , 1     as exogenously determined. This platform fee is the same for all products within a certain category, but it differs across product categories. Even so, it is observed that this platform fee rate is stable from year to year. Empirical data indicates that Amazon’s charging platform fee ranges from 6% to 25% of the sale price depending on the product category, while JD.com’s platform fee for most product categories ranges from 5% to 12% [24].



The sequence of events is as follows: E, as the Stackelberg-game leader, decides whether to introduce G. Then, both M1 and M2 simultaneously determining retail prices    p   T 1      and    p   T 2      for the products T1 and T2, respectively; if G entry, E also sets the retail price    p G    as well. Finally, for a given set of retail prices for all products, consumers make purchasing decisions.





4. The Benchmark Case without Green Product


When E does not introduce G (indexed by the superscript “(0)”), each consumer can buy a traditional product from either M1 or M2. For consumers in (   l   T 2     ,  x ), provided the marginal consumer     x ^    T 2  ,  T 1      who is indifferent between the products T1 and T2 (i.e.,    U   T 1    =  U   T 2     ), and     x ^    T 2  ,  T 1    =  1 2  −    p   T 2    −  p   T 1      2 t    . If    p   T 2    ≥  p   T 1     , then customers in     0 ,     x ^    T 2  ,  T 1        will choose T2 products; the other consumers in       x ^    T 2  ,  T 1    ,  1 2      will buy the product T1. The same situation also applies to consumers in line (   l   T 1     ,  x ). For consumers in line (   l G   ,  x ), as mentioned in Section 3.2, all of them will buy the traditional products that offer a lower price; while those consumers will buy the traditional products from either T1 or T2 randomly with 1/2 probability as both manufacturers offer the same prices for their products.



First, we consider the symmetrical case that both manufacturers offer the same prices for their products, that is,    p   T 1    =  p   T 2     . Both manufacturers’ demands are    d  T 1    0    =  1 2  ·  1 3  +  2 3     1 2  −    p   T 1    −  p   T 2      2 t       and    d  T 2    0    =  1 2  ·  1 3  +  2 3     1 2  +    p   T 1    −  p   T 2      2 t      . Per the sequence of events as stated in Section 3.3, we use backward induction to solve the game among the E, M1, and M2. In this case, both manufacturers simultaneously set the retail price to maximize their profits as follows, respectively:


    Max    p   T 1         π  M 1    0    =   1 − f    p   T 1       1 2  ·  1 3  +  2 3     1 2  −    p   T 1    −  p   T 2      2 t        



(1)






    Max    p   T 2         π  M 2    0    =   1 − f    p   T 2       1 2  ·  1 3  +  2 3     1 2  +    p   T 1    −  p   T 2      2 t        



(2)







To jointly solve the above maximization problems per first-order conditions, it yields the equilibrium retail prices    p   T 1    =  p   T 2    =   3 t  2    with profits    π  M 1    0    =  π  M 2    0    =   3   1 − f   t  4    and    π E   0    =   3 f t  2   . Then, we consider the asymmetrical case that both manufacturers offer different prices for their respective products, without loss of generality, we assume    p   T 1    <  p   T 2     . We can show that the NBMs have no motivation to deviate the symmetrical equilibrium unilaterally. Please see the proof in the Appendix A.




5. Analysis of The Case with Green Product


With the introduction of the green product by the platform, as stated in Section 3.2, there exist two cases per the pricing of each product.



5.1. Case (1):    p   T j    ≥     1 − ρ   v +  p G  , j = 1 , 2  


In this case, E sets a relatively low price so that all consumers in line (   l G   ,  x ) will buy their preferred product G. By contrast, some consumers who are adjacent to the end of the line (   l   T j     ,  x ) will also buy product G. Thus, the marginal consumer who is indifferent between the traditional products and green product (i.e.,    U   T j    =  U G   ) locates at the line (   l   T j     ,  x ). That is,     x ^    T j  , G   =  1 2  +     1 − ρ   v +  p G  −  p   T j      2 t   <  1 2   . Thus, for the consumers in line (   l   T j     ,  x ), those with   x ∈     0 ,  1 2  +     1 − ρ   v +  p G  −  p   T j      2 t       will buy the product    T j   , while those with   x ∈      1 2  +     1 − ρ   v +  p G  −  p   T j      2 t   ,  1 2      will buy product G. All the consumer in line (   l G   ,  x ) will buy their preferred product G. Therefore, in this case, the product G’s demand    d G   1      and product    T j   ’s demand    d   T j     1      are presented as follows:


   d G   1    =  1 3  +   ∑   j = 1  2     2 3  ·    p   T j    −  p G  −   1 − ρ   v   2 t                            



(3)






   d   T j     1    =  2 3     1 2  +     1 − ρ   v +  p G  −  p   T j      2 t     , j = 1 , 2  



(4)







The firms’ profit functions are    π   M j     1    =   1 − f    p   T j     d   T j     1      and    π E   1    =   ∑   j = 1  2  f  p   T j     d   T j     1    +  p G   d G   1     , where   j = 1 , 2  . We use backward induction to solve the equilibrium solution in this case, the results of this analysis are presented in the lemma below.



Lemma 1.

In Case (1), there is a unique set of solutions for the firms’ optimal prices and profits: (i) if    1 − ρ   v ≤     1 − 2 f   t  2   , such that   p   T 1    =  p   T 2    =   5 t + 2   1 − ρ   v   2   3 − f      ,   p G  =     2 + f   t −   1 − f     1 − ρ   v   3 − f    ,   d   T 1     1    =  d   T 2     1    =   5 t + 2 v − 2 v ρ   18 t − 6 f t    ,   d G   1    =   4 t − 3 f t − 2 v + 2 v ρ   9 t − 3 f t    ,   π  M 1    1    =  π  M 2    1    =     1 − f       5 t + 2   1 − ρ   v    2    12     3 − f    2  t    , and   π E   1    =     16 + 3   7 − 2 f   f    t 2  − 2   8 − 3   5 − f   f     1 − ρ   t v + 4  v 2      1 − ρ    2    6     3 − f    2  t    ; (ii) if    1 − ρ   v >     1 − 2 f   t  2   , such that   p   T 1    =  p   T 2    =   t + 2   1 − ρ   v   2   1 − f      ,   p G  =   t + 2 f   1 − ρ   v   2   1 − f      ,   d   T 1     1    =  d   T 2     1    =  d G   1    =  1 3   ,   π  T 1    1    =  π  T 2    1    =   t + 2   1 − ρ   v  6   ,   π E   1    =     1 + 2 f   t + 6 f   1 − ρ   v   6   1 − f      .





One can quickly obtain from Lemma 1 that the green product obtains a higher demand than a separate traditional product when the valuation difference for the green product between traditional products and green product (i.e.,     1 − ρ   v  ), that is,    d   T 1     1    =  d   T 2     1    <  d G   1     ; otherwise, each product obtains equal demand. In this case, E prices aggressively for product G, the market demand is jointly shaped by pricing and the valuation difference for the green product among various products, which in turn determines the intensity of competition among all products.




5.2. Case (2):    p   T j    ≤  p   T  3 − j     <     1 − ρ   v +  p G    or    p   T j    <     1 − ρ   v +  p G  <  p   T  3 − j      ,   j = 1 , 2  


In this case, E sets a relatively high price so that a part of product G’s local consumers who are adjacent to the end of the line (   l G   ,  x ) will buy from the manufacturer(s) who offered a lower price. Especially when both manufacturers offer the same prices (   p   T 1    =  p   T 2     ), we assume the product G’s local consumers who are likely to buy traditional products will randomly choose a product with a probability   1 / 2  . More specifically, provided the marginal consumer     x ^   G ,  T j      who is indifferent between the product    T j    and G (i.e.,    U   T j    =  U G   ,   j = 1 , 2  ), and     x ^   G ,  T j    =  1 2  −     1 − ρ   v +  p G  −  p   T j      2 t   <  1 2   , the consumer in line (   l G   ,  x ) will buy the product G if   x ∈     0 ,   x ^   G ,  T j       ; and the other consumers   x ∈       x ^   G ,  T j    ,  1 2      will choose the traditional products that offered a lower price, or randomly buy a product from either M1 or M2 with profitability   1 / 2   when both manufacturers offer an identical price.



Specifically, when one manufacturer offers a lower price than the other one, the manufacturer who offered a lower price will take all of those customers. Without loss of generality, we let    p   T 1    ≤  p   T 2     . Thus, all consumers in       x ^   G ,  T 1    ,  1 2      will choose the product T1 only if    p   T 1    <  p   T 2     , while each manufacturer acquires half of the consumers in       x ^   G ,  T 1    ,  1 2     . For the market segmentation between two manufacturers, provided the marginal consumer     x ^    T 2  ,  T 1      who is indifferent between the products T1 and T2 (i.e.,    U   T 1    =  U   T 2     ), and     x ^    T 2  ,  T 1    =  1 2  −    p   T 2    −  p   T 1      2 t   <  1 2   , the consumer in line (   l   T 2     ,  x ) will buy the product T1 if   x ∈       x ^    T 2  ,  T 1    ,  1 2     ; the other customers in     0 ,     x ^    T 2  ,  T 1        of the line (   l   T 2     ,  x ) will choose the product T2. Hence, we can obtain the demands    d   T 1     2     ,    d   T 2     2     , and    d G   2      for the products T1, T2, and G as below:


   d G   2    =        2 3     1 2  −     1 − ρ   v +  p G  −  p   T 1      2 t     ,            p   T 1    =  p   T 2           2 3     1 2  −     1 − ρ   v −  p   T 1    +  p G    2 t     ,            p   T 1    <  p   T 2                                                                 



(5)






   d   T 1     2    =        1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T 1      2 t                                       ,            p   T 1    =  p   T 2           1 3  +  2 3  ·     1 − ρ   v −  p   T 1    +  p G    2 t   +  2 3  ·    p   T 2    −  p   T 1      2 t   ,            p   T 1    <  p   T 2           



(6)






   d   T 2     2    =        1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T 2      2 t   ,      p   T 1    =  p   T 2           2 3     1 2  −    p   T 2    −  p   T 1      2 t                                 ,      p   T 1    <  p   T 2                                                                   



(7)







The firms’ profit functions are    π   M j     2    =   1 − f    p   T j     d   T j     2      and    π E   2    =   ∑   j = 1  2  f  p   T j     d   T j     2    +  p G   d G   2     , where   j = 1 , 2  . Depending on the relation between prices of both traditional products, that is,    p   T 1    <  p   T 2      and    p   T 1    =  p   T 2     , the firms face two formulations of the demand function. Next, we use backward induction to solve the equilibrium solution, the results of this analysis are presented in the lemma below.



Lemma 2.

In Case (2), there is a unique set of solutions for the firms’ optimal prices and profits: (i) if    1 − ρ   v >   1 − 2 f   t  , such that   p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f    ,   p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f    ,   d   T 1     2    =  d   T 2     2    =   5 t + v − v ρ   18 t − 6 f t    ,   d G   2    =   4 t − 3 f t − v + v ρ   9 t − 3 f t    ,   π  M 1    2    =  π  M 2    2    =     1 − f       5 t + v − v ρ    2    6     3 − f    2  t    , and   π E   2    =     16 + 3   7 − 2 f   f    t 2  −   8 − 3   5 − f   f     1 − ρ   t v +  v 2      1 − ρ    2    3     3 − f    2  t    ; (ii) if    1 − ρ   v ≤   1 − 2 f   t  , such that   p   T 1    =  p   T 2    = 2 t  ,   p G  = 2 t −   1 − ρ   v  ,   d   T 1     2    =  d   T 2     2    =  d G   2    =  1 3   ,   π  M 1    2    =  π  M 2    2    =   2   1 − f   t  3   , and   π E   2    =   2   1 + 2 f   t −   1 − ρ   v  3   .





Similar to Lemma 1, the market demand also depends on both pricing and the valuation difference for the green product between traditional and green products. In case (i), E sets the price of product G less aggressively, the relatively high price makes the product G obtains less demand than the traditional products when the valuation difference for the green product is relatively high. In case (ii), the outcome is equal with the case (ii) in Lemma 2; that is, each of the products takes up the full of its local market. Therefore, the pricing strategy is at a moderate level. To compare the outcomes stated in Lemma 1 and Lemma 2, and then find out firms’ optimal strategies under the case with green products. To summarize the above outcomes and we obtain Proposition 1 as follows.



Proposition 1.

(i) Case (1). For intermediate valuation difference for the green product (    Γ ˜  1  ≤   1 − ρ   v ≤   Γ ˜  2   ), the unique equilibrium is   p   T 1    =  p   T 2    =   t + 2   1 − ρ   v   2   1 − f      and   p G  =   t + 2 f   1 − ρ   v   2   1 − f      . (ii) Case (2). For low valuation difference for the green product (    1 − ρ   v ≤   1 − 2 f   t  ), the unique equilibrium is   p   T 1    =  p   T 2    = 2 t  and   p G  = 2 t −   1 − ρ   v  ; for low valuation difference for the green product (    1 − 2 f   t <     1 − ρ   v ≤   Γ ˜  3   ) or high valuation difference for the green product (    1 − ρ   v >   Γ ˜  4   ), the unique equilibrium is   p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f    and   p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f    ; where    Γ ˜  1   ,    Γ ˜  2   ,    Γ ˜  3   , and    Γ ˜  4   are presented in the Appendix A.





Proposition 1 shows that E sets the price of product G less aggressively only when the valuation difference for the green product is sufficiently low or high. When the valuation difference for the green product is sufficiently low, E sets product G’s price such that all products equally share the market. When the valuation difference for the green product is sufficiently high, E sets a higher price for product G, which results in losing some market share. This is because an intensive competition urges E to focus on the local consumers of product G. By doing so, E can obtain a higher profit margin in the price of losing some market share. When the valuation difference for the green product is at an intermediate level, E gets more aggressive on product G’s pricing so that all products obtain equal market shares. Due to the valuation disadvantage of product G, E will never poach the local consumers of traditional products, no matter how low the platform fee is. This is because E also acquires profit by earning a proportion of manufacturers’ revenue, thus the lower price of product G caused by the competition may also hurt E itself. Next, given the results in the benchmark case, we can obtain the following Proposition by comparing the profits of each firm in all parameter regions stated in Proposition 1.



Proposition 2.

When the valuation difference for the green product is relatively low (     1 − ρ   v <     3   3 − f      2    − 5   t   ), a win-win situation occurs, that is, both the manufacturers and platform are better off with green product introduction; otherwise, a win-lose situation occurs, that is, the platform is better off while manufacturers are worse off. An increase in platform fee expands the win-win parameter region.





Proposition 2 shows that the platform always benefits from selling the green product. While the manufacturers benefit from the green product’s entry when the valuation difference for the green product is sufficiently low. As shown in Figure 2, the marginal consumer in the benchmark case locates at the right end of product G’s local consumers. After the introduction of product G, the location of the marginal consumer may move to the center of lines (for Case (1) or (2)) or a certain point in the line of product G. The above change of market segmentation indicates that manufacturers lose much market share with the product G entry, thus they lose profits in most circumstances. However, when the valuation difference for the green product is low enough, the manufacturers can benefit from product G’s entry since they can focus on their local consumers by charging a higher price; meanwhile, they need not set a low price to absorb product G’s local consumers. As a result, the manufacturers can obtain higher profit margins, which exceed the loss of market shares. For the platform, the introduction of product G enhances its pricing power, and makes more profit through the new product with controllable product cannibalization. Interestingly, as stated in Proposition 2 and shown in Figure 3, a higher platform fee makes a broader parameter region for a win-win situation. This is because the high platform fee enhances the power of E, the manufacturers get worse off in the benchmark case and thus get more benefit.





6. The Case of High Evaluation for the Green Product by Consumers (  ρ ≥ 1  )


In this section, we will examine the impacts of a high evaluation for green product by consumers (  ρ ≥ 1  ). Following the same procedure in the basic model, we can derive the equilibrium outcome in the following Proposition.



Proposition 3.

(i) Case (1). For sufficiently low evaluation difference for the green product (    ρ − 1   v ≤ −   Γ ˜  1   ), the unique equilibrium is    p   T 1    =  p   T 2    =   t + 2   1 − ρ   v   2   1 − f       and    p G  =   t + 2 f   1 − ρ   v   2   1 − f      ; for sufficiently high evaluation difference for the green product (    ρ − 1   v ≥   5 + 2  2    3 − f    2  t  ), the unique equilibrium is    p   T 1    =  p   T 2    =   5 t + 2 v − 2  v ρ    6 − 2 f     and    p G  =     2 + f   t −   1 − f     1 − ρ   v   3 − f    . (ii) Case (2). For relatively low evaluation difference for the green product (  −   Γ ˜  3  <   ρ − 1   v <   2 f − 1   t  ), the unique equilibrium is    p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f     and    p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f    ; for relatively high evaluation difference for the green product (    2 f − 1   t ≤   ρ − 1   v < =   Γ ˜  5   ), the unique equilibrium is    p   T 1    =  p   T 2    = 2 t   and    p G  = 2 t −   1 − ρ   v  ; where     Γ ˜  5  =   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  .





Proposition 3 shows contrast results compared to the main model. Namely, either a high or a low evaluation difference for green product induces the platform’s aggressive pricing, while an intermediate evaluation difference for the green product makes the platform prices less aggressive. As aforementioned, E faces a trade-off between revenue sharing from manufacturers and profit gain from product G. In this case, under an intermediate evaluation difference (or competition), E benefits from the traditional products more than from the green product, hence it is more suitable for E to maintain a moderate pricing strategy for product G. Moreover, under a high evaluation difference (or competition), E benefits from the product G more than from the traditional products; meanwhile, under a low evaluation difference (or competition), All of E, M1, and M2 can resort to a higher profit margin from the local consumers. Thus, E prices aggressively for product G under both the above situations. Next, given the results in the benchmark case, we can obtain the following Proposition by comparing the profits of each firm in all parameter regions in Proposition 3.



Proposition 4.

When the evaluation difference for the green product is either sufficiently low (     ρ − 1   v ≤   10 − 3  2    3 − f    2  t   ) or sufficiently high (     ρ − 1   v >   14 − 3 f  2  t   ), a win-win situation occurs, that is, both the platform and manufacturers are better off with green product entry; otherwise, a win-lose situation occurs, that is, the platform is better off while manufacturers are worse off.





Proposition 4 shows that the results presented in Proposition 3 still hold, that is, all of E, M1, and M2 get better off with a product G entry when the evaluation difference is sufficiently low. However, with a high evaluation for the green product by consumers, such a win-win situation can also occur when the evaluation difference is high enough. This is because the high-valued product G absorbs the consumers around the center of lines, and the manufacturers can abstract more surplus from the local consumers since the weak competition with the product G. As a result, the manufacturers gain more profit from their loyal consumers who exceed the loss of market shares of swing consumers. The reason for this phenomenon does not occur in the case of low-valued product G is that, the low-valued product G cannot bring more profit for E to offset the loss of traditional products under similar situations.




7. Discussion and Conclusions


Our model focuses on the green product related decisions in the context of the platform supply chain, where consists of an e-commerce platform (e.g., Amazon, JD.com, Taobao.com) and two competitive manufacturers. In our model, the manufacturers are dedicating to selling traditional products in the platform’s marketplace, while the platform can introduce a green product through its self-run store. Our study helps to shed light on why the platforms are willing to introduce more and more green products, and clarifies the key drivers of firms’ pricing strategies facing green product entry.



Our analysis yields several findings and insights as follows: (i) the introduction of the green product by the platform can either intensify or soften the price competition between traditional product manufacturers, and (ii) the platform fee reshapes the pricing strategy of green product, which lead to several counterintuitive results:



First, the competition in the e-commerce marketplace may have a positive impact on existing manufacturers. Specifically, as the evaluation difference for the green product is at a sufficiently low level, the introduction of the green product by the platform benefits the manufacturers. This implies that the green product not only benefits the environment but also benefits the market. A low evaluation difference for a green product often indicates a fierce market competition, and the green product may mitigate the competition among exiting manufacturers; the managers of manufacturers or third-party sellers should adjust their pricing strategy based on the pricing strategy of the green product as well as the magnitude of a platform fee set by the platform.



Second, a higher platform fee of an e-commerce marketplace can make a higher likelihood of a win-win situation for all parties. In the recent retailing world, platforms such as Amazon and JD.com are more and more monopolistic, and the manufacturers will be worse off if the platforms raise platform fees. To take without green product as a baseline, a green product may not result in product cannibalization; in contrast, it is more likely to increase the existing sellers’ profits. Through our analysis, the introduction of green products can improve the profits of existing manufacturers on the platform for two reasons; On the one hand, the introduction of green products can attract fluctuating customers in the market, so that manufacturers can focus more on loyal customers and claim more consumer surplus. On the other hand, the platform maintains a certain platform fee, which is conducive to obtaining the sales profit of green products and preventing the manufacturers from leaving the marketplace.



Last, in the case of a high evaluation for the green product by consumers, the manufacturers can even benefit from green product introduction when the evaluation difference for the green product is high enough. In this circumstance, the high-valued green product takes some less loyal customers of traditional products, which in turn makes the manufacturers focus more on their loyal customers and also obtain more profits. The extension of the model further verifies the robustness of the conclusion in this paper. The difference is that in the expansion model, green products attract more swing-type consumers because of higher valuation. However, when product differentiation is large enough, existing manufacturers can still benefit; Of course, platforms still benefits from the introduction of green product.



We conclude the study by pointing out the limitations of this study and some directions for future work. First, our model extended the classic Hotelling model consists of a line with two ends. For simplicity, we add two lines and two ends to the original line, while have not put more lines for the traditional or green products. Even so, our main results should be qualitatively the same as more lines are introduced. Since our stylized model captures the competition and simplicity between traditional products. However, considering multiple green products may yield more insights, since the competition among the green products could affect the decisions of both the platform and traditional product manufacturers. Second, to focus on the horizontal competition among all products, our model treats the qualities or consumer valuations as exogenously determined. Although the quality decisions of manufacturers are more strategic (long-term) than the pricing decisions (short-term), and abundant vertically differentiated firms are innately asymmetric and broadly exist in reality [42], to extend our model to let the qualities be endogenously determined may yield more insights for the green product entry in the context of e-commerce platforms. Last, extensions of our model that may be of interest would be to capture other factors, such as asymmetric information, bounded rational behavior, and platform competition. We expect that, as this study preliminarily explores the effects of the trend of e-commerce platforms introducing more and more green products, many other related research topics will be studied to extend our understanding of the effects of green products in the context of e-commerce platforms.
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Appendix A


Appendix A.1. Proof of Section 4


We consider the asymmetrical case that both manufacturers offer different prices for their respective products, without loss of generality, we assume    p   T 1    <  p   T 2     . In other words, we investigate whether the manufacturers have the motivation to deviate the symmetrical equilibrium unilaterally. In this case, all consumers in spoke (   l G   ,  x ) will buy product T1. Thus, the demands are    d  T 1    0    =  1 3  +  2 3     1 2  −    p  N  B 1    −  p  N  B 2      2 t       and    d  T 2    0    =  2 3     1 2  +    p   T 1    −  p   T 2      2 t      . Both manufacturers solve the maximization problems as follows, respectively:


    Max    p   T 1         π  M 1    0    =   1 − f    p   T 1       1 3  +  2 3     1 2  −    p   T 1    −  p   T 2      2 t       .  










    Max    p   T 2         π  M 2    0    =   1 − f    p   T 2     2 3     1 2  +    p   T 1    −  p   T 2      2 t     .    











Subject to


   p   T 1    <  p   T 2     











We firstly solve M1’s problem, given    p   T 2     , which leads to the response functions (i)    p   T 1    = t +    p   T 2     2    if    p   T 2    > 2 t   and (ii)    p   T 1    =  p   T 2      if    p   T 2    ≤ 2 t  , that is, this case degenerates to the symmetrical case. Then, we solve M2’s problem leading to (i)    p   T 2    =  t 2  +    p   T 1     2    if    p   T 1    < t   and (ii)    p   T 2    =  p   T 1      if    p   T 1    ≥ t  , that is, this case degenerates to the symmetrical case. By combining the above cases, it yields that    p   T 1    = t +    p   T 2     2    and    p   T 2    =  t 2  +    p   T 1     2    should sustain simultaneously, which leads to    p   T 1    =   5 t  3    and    p   T 2    =   4 t  3   ; under which the constraints of    p   T 1    < t   and    p   T 2    > 2 t   can never be satisfied, hence there is no asymmetrical equilibrium exists. That is, both manufacturers will not deviate from symmetrical equilibrium.




Appendix A.2. Proof of Lemma 1


In this case, the platform sets a relatively low price so that all consumers in line (   l G   ,  x ) will buy their preferred green product. By contrast, some consumers who are adjacent to the center in line (   l   T j     ,  x ) will also buy the green product. Thus, the marginal consumer who is indifferent between the products    T j    and G (i.e.,    U   T j    =  U G   ) locates at the line (   l   T j     ,  x ). That is,     x ^    T j  , G   =  1 2  +     1 − ρ   v +  p G  −  p   T j      2 t   <  1 2   . Thus, for the consumers in line (   l   T j     ,  x ), those with   x ∈     0 ,  1 2  +     1 − ρ   v +  p G  −  p   T j      2 t       will buy the product    T j   , while those with   x ∈      1 2  +     1 − ρ   v +  p G  −  p   T j      2 t   ,  1 2      will buy the product G. All the consumer in line (   l G   ,  x ) will buy their preferred product G. Therefore, in this case, the demand for green product    d G   1      and traditional product    d   T j     1      are as shown as Equations (1) and (2) respectively. The firms’ profit functions are    π  M j    1    =   1 − f    p   T j     d   T j     1      and    π E   1    =   ∑   j = 1  2  f  p   T j     d   T j     1    +  p G   d G   1     , where   j = 1 , 2  . Next, we use backward induction to solve the equilibrium solution in this case. In the second stage of the game, the firms solve the profit maximization problems as below:


    Max    p   T j         π  T j    1    =   1 − f    p   T j     2 3     1 2  +     1 − ρ   v +  p G  −  p   T j      2 t            Max    p G       π E   1    =   ∑   j = 1  2  f  p   T j       2 3     1 2  +     1 − ρ   v +  p G  −  p   T j      2 t       +  p G     1 3  +   ∑   j = 1  2     2 3  ·    p   T j    −  p G  −   1 − ρ   v   2 t        










    Max    p G       π E   1    =   ∑   j = 1  2  f  p   T j       2 3     1 2  +     1 − ρ   v +  p G  −  p   T j      2 t       +  p G     1 3  +   ∑   j = 1  2     2 3  ·    p   T j    −  p G  −   1 − ρ   v   2 t        








Subject to:


   p   T j    ≥   1 − ρ   v +  p G  ,   j =   1 , 2    











Notice that in this case consumers in (   l   T j     ,  x ) will consider products    T j    and G only, hence each manufacturer will solve her profit maximization problem separately and simultaneously, while all consumers in (   l G   ,  x ) will consider product G only. Without loss of generality, we firstly solve M1 and platform’s problems with respect to    p   T 1      and    p G    as below:


    Max    p   T 1         π  M 1    1    =   1 − f    p   T 1     2 3     1 2  +     1 − ρ   v +  p G  −  p   T 1      2 t      










    Max    p G       π E   1    =   ∑   j = 1  2  f  p   T j       2 3     1 2  +     1 − ρ   v +  p G  −  p   T j      2 t       +  p G     1 3  +   ∑   j = 1  2     2 3  ·    p   T j    −  p G  −   1 − ρ   v   2 t        








Subject to:


   p   T 1    ≥   1 − ρ   v +  p G   











For    π E   1     ’s maximization problem, the first-order condition of    π E   1      yields    p G  =  1 4      1 + f      p   T 1    +  p   T 2      + t − 2   1 − ρ   v    .    p   T 1    ≥   1 − ρ   v +  p G    requires    p   T 1    ≥     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f    . Hence, we can obtain (1.a)    p G  =  1 4      1 + f      p   T 1    +  p   T 2      + t − 2   1 − ρ   v     if    p   T 1    ≥     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f    , and (1.b)    p G  =  p   T 1    −   1 − ρ   v   If    p   T 1    <     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f    .



For    π  M 1    1     ’s maximization problem, the first-order condition of    π  M 1    1      yields    p   T 1    =    p G  + t + v − v ρ  2   ;    p   T 1    ≥   1 − ρ   v +  p G    requires    p G  ≤ t −   1 − ρ   v  . Hence, we can obtain (2.a)    p   T 1    =    p G  + t + v − v ρ  2    if    p G  ≤ t −   1 − ρ   v  , and (2.b)    p   T 1    =   1 − ρ   v +  p G    If    p G  > t −   1 − ρ   v  . So, we have four possible combinations to consider. (1) Combination 1: Scenario (1.a) v.s. (2.a). By jointly solving    p G  =  1 4      1 + f      p   T 1    +  p   T 2      + t − 2   1 − ρ   v     and    p   T 1    =    p G  + t + v − v ρ  2   , we have    p G  =   2   1 + f    p   T 2    +   3 + f   t −   3 − f     1 − ρ   v   7 − f   ,    p   T 1    =     1 + f    p   T 2    + 5 t + 2 v − 2 v ρ   7 − f    ; both    p   T 1    ≥     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f     and    p G  ≤ t −   1 − ρ   v   requires    p   T 2    ≤     2 − f   t − 2   1 − ρ   v   1 + f    . (2) Combination 2: Scenario (1.a) v.s. (2.b). By jointly solving    p G  =  1 4      1 + f      p   T 1    +  p   T 2      + t − 2   1 − ρ   v     and    p   T 1    =   1 − ρ   v +  p G   , we have    p G  =     1 + f    p   T 2    + t + v   − 1 + f + ρ − f ρ     3 − f     and    p   T 1    =     1 + f    p   T 2    + t + 2 v − 2 v ρ   3 − f    ;    p   T 1    ≥     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f     always sustains, while    p G  > t −   1 − ρ   v   requires    p   T 2    >     2 − f   t − 2   1 − ρ   v   1 + f    . (3) Combination 3: Scenario (1.b) v.s. (2.a). By jointly solving    p G  =  p   T 1    −   1 − ρ   v   and    p   T 1    =    p G  + t + v − v ρ  2   , we have    p G  = t −   1 − ρ   v   and    p   T 1    = t  ;    p   T 1    <     1 + f    p   T 2    + t + 2   1 − ρ   v   3 − f     requires    p   T 2    >     2 − f   t − 2   1 − ρ   v   1 + f    , while    p G  ≤ t −   1 − ρ   v   always sustains. (4) Combination 4: Scenario (1.b) v.s. (2.b). In this combination, since both solutions are corner solution, it is clear that it dominated by the above respective case under all possible range of    p   T 2     . So, this combination is infeasible. Per the property of symmetricity, we can obtain the same solution for M2 and E, so, for each combination above, we can obtain (i)    p G  =     2 + f   t −   1 − f     1 − ρ   v   3 − f     and    p   T 1    =  p   T 2    =   5 t + 2 v − 2 v ρ   6 − 2 f     if     1 − ρ   v ≤     1 − 2 f   t  2   ; (ii)    p G  =   t + 2 f   1 − ρ   v   2   1 − f       and    p   T 1    =  p   T 2    =   t + 2   1 − ρ   v   2   1 − f       if     1 − ρ   v >     1 − 2 f   t  2   ; and (iii)    p G  = t −   1 − ρ   v   and    p   T 1    =  p   T 2    = t   if     1 − ρ   v >     1 − 2 f   t  2   . When     1 − ρ   v >     1 − 2 f   t  2   , for the above solution (ii), we have    π  M 1    1    =  π  M 2    1    =   t + 2   1 − ρ   v  6    and    π E   1    =   t + 2 f t − 6 f v   − 1 + ρ     6 − 6 f    ; for the above solution (iii), we have we have   π  ′  M 1    1    = π  ′  M 2    1    =     1 − f   t  3    and   π  ′ E   1    =     1 + 2 f   t −   1 − ρ   v  3   . One can quickly obtain that    π  M j    1    > π  ′  M j    1      and    π E   1    > π  ′ E   1      under     1 − ρ   v >     1 − 2 f   t  2   , thus solution (iii) is not available.




Appendix A.3. Proof of Lemma 2


In this case, the demands    d   T 1     2     ,    d   T 2     2     , and    d G   2      are represented by Equations (3)–(5), respectively. The firms’ profit functions are    π  M j    2    =   1 − f    p   T j     d   T j     2      and    π E   2    =   ∑   j = 1  2  f  p   T j     d   T j     2    +  p G   d G   2     , where   j = 1 , 2  . Depending on the relation between prices of products T1 and T2, that is,    p   T 1    <  p   T 2      and    p   T 1    =  p   T 2     , the firms face two formulations of the demand function. Next, we use backward induction to solve the equilibrium solution case by case. First, we use backward induction to seek the symmetrical equilibrium. In the second stage of the game, the firms solve the profit maximization problems as below:


    Max    p   T 1         π  M 1    2    =   1 − f    p   T 1       1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T 1      2 t      










    Max    p   T 2         π  M 2    2    =   1 − f    p   T 2       1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T 2      2 t      










    Max    p G       π E   2    =   ∑   j = 1  2  f  p   T j       1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T j      2 t     +  p G   2 3     1 2  −     1 − ρ   v − Min    p   T 1    ,  p   T 2      +  p G    2 t      








Subject to:


   p   T j    <   1 − ρ   v +  p G  ,   j =   1 , 2   .  











Notice that in this case consumers in line (   l   T j     ,  x ) will consider product    T j    only, while consumers in line (   l G   ,  x ) will consider both products G and    T j   . Hence each manufacturer will solve her profit maximization problem separately and simultaneously. Without loss of generality, we firstly solve M1 and E’s problems with respect to    p   T 1      and    p G    as below:


    Max    p   T 1         π  M 1    2    =   1 − f    p   T 1       1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T 1      2 t      










    Max    p G       π E   2    =   ∑   j = 1  2  f  p   T j       1 3  +  1 2  ·  2 3  ·     1 − ρ   v +  p G  −  p   T j      2 t     +  p G   2 3     1 2  −     1 − ρ   v −  p   T 1    +  p G    2 t      








Subject to:


   p   T 1    <   1 − ρ   v +  p G   











For    π E   2     ’s maximization problem, the first-order condition of    π E   2      yields    p G  =  1 4      2 + f    p   T 1    + f  p   T 2    + 2   t + v   − 1 + ρ        .    p   T 1    <   1 − ρ   v +  p G    requires    p   T 1    <   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f    . Hence, we can obtain (1.a)    p G  =  1 4      2 + f    p   T 1    + f  p   T 2    + 2   t + v   − 1 + ρ         if    p   T 1    <   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f    ; and (1.b)    p G  =  p   T 1    −   1 − ρ   v   If    p   T 1    ≥   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f    . For    π  M 1    2     ’s maximization problem, the first-order condition of    π  M 1    2      yields    p   T 1    =    p G  + 2 t + v − v ρ  2   ;    p   T 1    <   1 − ρ   v +  p G    requires    p G  ≤ t −   1 − ρ   v  . Hence, we can obtain (2.a)    p   T 1    =    p G  + 2 t + v − v ρ  2    if    p G  > 2 t −   1 − ρ   v  , and (2.b)    p   T 1    =   1 − ρ   v +  p G    If    p G  ≤ 2 t −   1 − ρ   v  . So, we have four possible combinations to consider: (1) Combination 1: Scenario (1.a) v.s. (2.a). By jointly solving    p G  =  1 4      2 + f    p   T 1    + f  p   T 2    + 2   t + v   − 1 + ρ         and    p   T 1    =    p G  + 2 t + v − v ρ  2   , we have    p G  =   2 f  p   T 2    + 2   4 + f   t −   2 − f     1 − ρ   v   6 − f     and    p   T 1    =   f  p   T 2    + 10 t + 2 v − 2 v ρ   6 − f    ; both    p   T 1    <   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f     and    p G  > 2 t −   1 − ρ   v   requires    p   T 2    >   2   t − f t −   1 − ρ   v    f   . (2) Combination 2: Scenario (1.a) v.s. (2.b). By jointly solving    p G  =  1 4      2 + f    p   T 1    + f  p   T 2    + 2   t + v   − 1 + ρ         and    p   T 1    =   1 − ρ   v +  p G   , we have    p G  =   f  p   T 2    + 2 t + f   1 − ρ   v   2 − f     and    p   T 1    =   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f    ;    p   T 1    <   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f     always sustains, and    p G  ≤ 2 t −   1 − ρ   v   requires    p   T 2    ≤   2   t − f t −   1 − ρ   v    f   . (3) Combination 3: Scenario (1.b) v.s. (2.a). By jointly solving    p G  =  p   T 1    −   1 − ρ   v   and    p   T 1    =    p G  + 2 t + v − v ρ  2   , we have    p G  = 2 t −   1 − ρ   v   and    p   T 1    = 2 t  ;    p   T 1    ≥   f  p   T 2    + 2 t + 2   1 − ρ   v   2 − f     requires    p   T 2    ≤   2   t − f t −   1 − ρ   v    f   , and    p G  ≤ 2 t −   1 − ρ   v   always sustains. (4) Combination 4: Scenario (1.b) v.s. (2.b). In this combination, since both solutions are corner solution, it is clear that it dominated by the above respective case under all possible range of    p   T 2     . So, This combination is infeasible.



Per the property of symmetricity, we can obtain the same solution for M2 and E, so, for each combination above, we can obtain (i)    p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f     and    p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f     if     1 − ρ   v >   1 − 2 f   t  ; (ii)    p G  =   t + f v   1 − ρ     1 − f     and    p   T 1    =  p   T 2    =   t + v − v ρ   1 − f     if     1 − ρ   v ≤   1 − 2 f   t  ; and (iii)    p G  = 2 t −   1 − ρ   v   and    p   T 1    =  p   T 2    = 2 t   if     1 − ρ   v ≤   1 − 2 f   t  . When     1 − ρ   v ≤   1 − 2 f   t  , for the above solution (ii), we have    π  M 1    2    =  π  M 2    2    =   t +   1 − ρ   v  3    and    π E   2    =   t + 2 f t + 3 f v   1 − ρ     3 − 3 f    ; for the above solution (iii), we have we have   π  ′  M 1    2    = π  ′  M 2    2    =   2   1 − f   t  3    and   π  ′ E   1    =   2   1 + 2 f   t −   1 − ρ   v  3   . One can easily obtain that    π  M j    2    ≤ π  ′  M j    2      and    π E   2    ≤ π  ′ E   2      under     1 − ρ   v ≤   1 − 2 f   t  , thus solution (ii) is not available.



Next, we check the case of Asymmetrical pricing (   p   T j    <  p   T  3 − j      ,   j =   1 , 2    ). In this case, without loss of generality, we let    p   T 1    <  p   T 2     . Notice that in this case consumers in line (   l   T 1     ,  x ) will consider product    T 1    only, those in line (   l   T 2     ,  x ) will consider both    T 2    and    T 1   , those in line (   l G   ,  x ) will consider products G and    T 1   .


    Max    p   T 1         π  M 1    2    =   1 − f    p   T 1       1 3  +  2 3  ·     1 − ρ   v −  p   T 1    +  p G    2 t   +  2 3  ·    p   T 2    −  p   T 1      2 t      










    Max    p   T 2         π  M 2    2    =   1 − f    p   T 2     2 3     1 2  −    p   T 2    −  p   T 1      2 t      










    Max    p G       π E   2    = f  p   T 1       1 3  +  2 3  ·     1 − ρ   v −  p   T 1    +  p G    2 t   +  2 3  ·    p   T 2    −  p   T 1      2 t     + f  p   T 2     2 3     1 2  −    p   T 2    −  p   T 1      2 t     +  p G   2 3     1 2  −     1 − ρ   v −  p   T 1    +  p G    2 t      








Subject to:


   p   T 1    <   1 − ρ   v +  p G   











By looking into    π  M 2    2     , one can see that    π  M 2    2      is independent in    p G   ; the first-order condition of    π  M 2    2      yields    p   T 2    =    p   T 1    + t  2    which always holds for M2. We then solve M1 and E’s problems with respect to    p   T 1      and    p G    as below. For    π E   2     ’s maximization problem, the first-order condition of    π E   2      yields    p G  =     1 + f    p   T 1    + t −   1 − ρ   v  2   .    p   T 1    <   1 − ρ   v +  p G    requires    p   T 1    <   t +   1 − ρ   v   1 − f    . Hence, we can obtain (1.a)    p G  =     1 + f    p   T 1    + t −   1 − ρ   v  2    if    p   T 1    <   t +   1 − ρ   v   1 − f    , and (1.b)    p G  =  p   T 1    −   1 − ρ   v   If    p   T 1    ≥   t +   1 − ρ   v   1 − f    . For    π  M 1    2     ’s maximization problem, the first-order condition of    π  M 1    2      yields    p   T 1    =    p   T 2    +  p G  + t +   1 − ρ   v  4   .    p   T 1    <   1 − ρ   v +  p G    requires    p G  >    p   T 2    + t − 3   1 − ρ   v  3   . Hence, we can obtain (2.a)    p   T 1    =    p   T 2    +  p G  + t +   1 − ρ   v  4    if    p G  >    p   T 2    + t − 3   1 − ρ   v  3   , and (2.b)    p   T 1    =  p G  +   1 − ρ   v   If    p G  ≤    p   T 2    + t − 3   1 − ρ   v  3   . Since    p   T 2    =    p   T 1    + t  2    always holds, we first consider all combinations for    p G    and    p   T 1      as below: (1) Combination 1: Scenario (1.a) v.s. (2.a). By jointly solving    p G  =     1 + f    p   T 1    + t −   1 − ρ   v  2    and    p   T 1    =    p   T 2    +  p G  + t +   1 − ρ   v  4   , we have    p G  =     1 + f    p   T 2    +   5 + f   t −   3 − f     1 − ρ   v   7 − f     and    p   T 1    =   2  p   T 2    + 3 t + v − v ρ   7 − f    ; both    p   T 1    <   t +   1 − ρ   v   1 − f     and    p G  <    p   T 2    + t − 3   1 − ρ   v  3    require    p   T 2    <     2 + f   t + 3   1 − ρ   v   1 − f    . (2) Combination 2: Scenario (1.a) v.s. (2.b). By jointly solving    p G  =     1 + f    p   T 1    + t −   1 − ρ   v  2    and    p   T 1    =  p G  +   1 − ρ   v  , we have    p G  =   t + f   1 − ρ   v   1 − f     and    p   T 1    =   t + v − v ρ   1 − f    ;    p   T 1    <   t +   1 − ρ   v   1 − f     always sustains, and    p G  ≤    p   T 2    + t − 3   1 − ρ   v  3    requires    p   T 2    ≥     2 + f   t + 3   1 − ρ   v   1 − f    . (3) Combination 3: Scenario (1.b) v.s. (2.a). By jointly solving    p G  =  p   T 1    −   1 − ρ   v   and    p   T 1    =    p   T 2    +  p G  + t +   1 − ρ   v  4   , we have    p G  =    p   T 2    + t − 3   1 − ρ   v  3    and    p   T 1    =    p   T 2    + t  3   ;    p   T 1    ≥   t +   1 − ρ   v   1 − f     requires    p   T 2    ≥     2 + f   t + 3   1 − ρ   v   1 − f    , and    p G  <    p   T 2    + t − 3   1 − ρ   v  3    always sustains. (4) Combination 4: Scenario (1.b) v.s. (2.b). In this combination, since both solutions are corner solution, it is clear that it dominated by the above respective case under all possible range of    p   T 2     . So, this combination is infeasible.



Plugging    p   T 2    =    p   T 1    + t  2    in each combination, we can obtain: (i)    p G  =     10 + 3 f   t −   5 − 2 f     1 − ρ   v   2   6 − f     ,  p   T 1    =   4 t +   1 − ρ   v   6 − f   ,  p   T 2    =     10 − f   t +   1 − ρ   v   2   6 − f      ;    p   T 2    <     2 + f   t + 3   1 − ρ   v   1 − f     always sustains, and    p   T 1    <  p   T 2      requires     1 − ρ   v <   2 − f   t  ; (ii)    p G  =   t + f   1 − ρ   v   1 − f   ,  p   T 1    =   t + v − v ρ   1 − f   ,  p   T 2    =     2 − f   t +   1 − ρ   v   2   1 − f      ,    p   T 2    ≥     2 + f   t + 3   1 − ρ   v   1 − f     can never sustain, thus this solution is infeasible; and (iii)    p G  =   3 t − 5   1 − ρ   v  5  ,  p   T 1    =   3 t  5  ,  p   T 2    =   4 t  5   ,     p   T 2    ≥     2 + f   t + 3   1 − ρ   v   1 − f     can never sustain, thus this solution is infeasible. When     1 − ρ   v <   2 − f   t  , for the above solution (i), we have   π  ′  M 1    2    =   2   1 − f       4 t + v − v ρ    2    3     6 − f    2  t     and   π  ′  M 2    2    =     1 − f         10 − f   t +   1 − ρ   v    2    12     6 − f    2  t    .



To compare M2’s solutions in the above symmetrical pricing case as below: (1) If     1 − 2 f   t <   1 − ρ   v <   2 − f   t  , then   π  ′  M 2    2    −  π  M 2    2    =     1 − f      2    6 − f     5 t + v − v ρ   +   3 − f       10 − f   t + v   1 − ρ         12 t     6 − f    2      3 − f    2        30 − 30  2  − 13 f + 5  2  f +  f 2    t +   3 − 6  2  −   1 −  2    f     1 − ρ   v    . Since   30 − 30  2  − 13 f + 5  2  f +  f 2  < 0   and   3 − 6  2  −   1 −  2    f < 0   under   f ∈     0 , 1    , we obtain   π  ′  M 2    2    <  π  M 2    2     . (2) If     1 − ρ   v <   1 − 2 f   t  , then   π  ′  M 2    2    −  π  M 2    2    =     1 − f     2  2    6 − f   t +   10 − f   t +   1 − ρ   v     12 t     6 − f    2        1 − ρ   v −   12  2  − 10 +   1 − 2  2    f   t    . Since     1 − ρ   v <   1 − 2 f   t <   12  2  − 10 +   1 − 2  2    f   t  , thus we obtain   π  ′  M 2    2    <  π  M 2    2     . In summary, M2 owns no incentive to increase the retail price, hence the asymmetrical pricing case is infeasible.




Appendix A.4. Proof of Proposition 1


Since       1 − 2 f    2  t ≤   1 − 2 f   t   under support   f ∈     0 , 1    , the following analysis has three cases. (1) When     1 − ρ   v ≤     1 − 2 f   t  2   , we have    π  M j    1    −  π  M j    2    =   1 − f   3     3 − f    2  t       1 − ρ   v +   5 + 2  2    3 − f    2  t       1 − ρ   v −   − 5 + 2  2    3 − f    2  t    . Since     1 − ρ   v ≤     1 − 2 f   t  2  <   − 5 + 2  2    3 − f    2  t   holds, we thus obtain    π  M j    1    −  π  M j    2    < 0  . Furthermore, we have    π E   1    −    π E   2    =  2  3     3 − f    2  t       1 − ρ   v +   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t       1 − ρ   v −   −   1 + f   9 − 2 f     +   3 − f       1 + 2 f     9 + 2 f       4   1 − ρ     t    . Since     1 − ρ   v ≤     1 − 2 f   t  2  <   −   1 + f   9 − 2 f     +   3 − f       1 + 2 f     9 + 2 f       4   1 − ρ     t   holds, we thus obtain    π E   1    −    π E   2    < 0  . Therefore, in this case, all firms prefer Case (2). (2) When       1 − 2 f   t  2  <   1 − ρ   v ≤   1 − 2 f   t  , we have    π  M j    1    −  π  M j    2    =   2   1 − ρ   v −   3 − 4 f   t  6    and    π E   1    −    π E   2    =     1 + 2 f     2   1 − ρ   v −   3 − 4 f   t     6   1 − f      . Since     1 − ρ   v ≤   1 − 2 f   t <     3 − 4 f    2  t  , we thus obtain    π  M j    1    −  π  M j    2    < 0   and    π E   1    −    π E   2    < 0  . Therefore, in this case, all firms prefer Case (2). (3) When     1 − ρ   v >   1 − 2 f   t  , we have    π  M j    1    −  π  M j    2    = −   1 − f   6     3 − f    2  t       1 − ρ   v −   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t       1 − ρ   v −   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t    . Since     1 − 2 f   t <   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t <   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t  , we thus obtain (i)    π  M j    1    −  π  M j    2    < 0   if     1 − 2 f   t <   1 − ρ   v <   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t   or     1 − ρ   v >   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t  ; (ii)    π  M j    1    −  π  M j    2    ≥ 0   if     4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t ≤   1 − ρ   v ≤   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t  . Furthermore, we have    π E   1    −    π E   2    = −  1  3     3 − f    2  t       1 − ρ   v −   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t       1 − ρ   v −   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t    . Since     1 − 2 f   t <   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t <   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  , we thus obtain (i)    π E   1    −    π E   2    < 0   if     1 − 2 f   t <   1 − ρ   v <   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t   or     1 − ρ   v >   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  ; (ii)    π E   1    −    π E   2    ≥ 0   if     4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t ≤   1 − ρ   v ≤   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  . Since     4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t <   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t <   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t <   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  . To summarize the above outcomes and we obtain Proposition 1, where     Γ ˜  1  =   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t  ,     Γ ˜  2  =   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t  ,     Γ ˜  3  =   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  , and     Γ ˜  4  =   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  .




Appendix A.5. Proof of Proposition 2


Given the benchmark case without green product entry, to compare the profits of each firm in all parameter regions in Proposition 1 as below: (1) When     1 − ρ   v ≤   1 − 2 f   t  , since    π  M j    2    =   2   1 − f   t  3  <  π  M j    0    =   3   1 − f   t  4    always sustains, and    π E   2    −  π E   0    =     4 − f   t − 2   1 − ρ   v  6  > 0  , we can obtain    π  M j    2    <  π  M j    0      and    π E   2    >  π E   0     . (2) When     1 − 2 f   t <   1 − ρ   v ≤   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t   or       1 − ρ   v  t  >   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  , since    π  M j    2    −  π  M j    0    =     1 − f     6     3 − f    2  t       1 − ρ   v + 5 t +   3   3 − f   t    2          1 − ρ   v −     3   3 − f      2    − 5   t     and we have     1 − 2 f   t <     3   3 − f      2    − 5   t ≤   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  , we can obtain (i)    π  M j    2    −  π  M j    0    < 0   if     1 − 2 f   t <   1 − ρ   v <     3   3 − f      2    − 5   t  , and (ii)    π  M j    2    −  π  M j    0    > 0   if       3   3 − f      2    − 5   t ≤   1 − ρ   v ≤   4   2 + f   −   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t   or     1 − ρ   v >   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t  . Furthermore, since    π E   2    −  π E   0    =     32 − 3 f   13 + f   − 14 + 3 f        t 2  + 2   8 + 3   − 5 + f   f   t v   − 1 + ρ   + 2     1 − ρ    2   v 2    6     3 − f    2  t    , and   2     1 − ρ    2  > 0   and   −     3 − f    2    2 − f   f  t 2      1 − ρ    2  < 0  , we have     32 − 3 f   13 + f   − 14 + 3 f        t 2  + 2   8 + 3   − 5 + f   f   t v   − 1 + ρ   + 2     1 − ρ    2   v 2  > 0   holds, hence    π E   2    >  π E   0     . (3) When     4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t ≤   1 − ρ   v ≤   4 −   1 − f   f +   3 − f     f   3 + f       1 − f   t  , we have    π  M j    1    −  π  M j    0    =   t + 2   1 − ρ   v  6  −   3   1 − f   t  4  > 0   which leads to     1 − ρ   v >     7 − 9 f   t  4   . Since       7 − 9 f   t  4  <   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t  , we thus obtain    π  M j    1    >  π  M j    0     . Furthermore, we have    π E   2    −  π E   0    =   6 f   1 − ρ   v −   − 1 + f   7 − 9 f     t   6   1 − f     > 0   which leads to     1 − ρ   v >   − 1 + f   7 − 9 f     6 f   t  . Since     − 1 + f   7 − 9 f     6 f   t <   4 −   1 − f   f −   3 − f     f   3 + f       1 − f   t  , we thus obtain    π E   2    >  π E   0     .




Appendix A.6. Proof of Proposition 3


Follow the same process with the basic model, in this case the results are summarized in below Lemma for Case (1), i.e.,    p   T j    ≥   1 − ρ   v +  p G  ,   j =   1 , 2    .



Lemma A.1.

For Case (1), there is a unique set of solutions for the firms’ optimal prices and profits: (i) if     ρ − 1   v ≥     2 f − 1   t  2   , such that    p   T 1    =  p   T 2    =   5 t + 2 v − 2 v ρ   6 − 2 f    ,    p G  =     2 + f   t −   1 − f     1 − ρ   v   3 − f    ,    d   T 1     1    =  d   T 2     1    =   5 t + 2 v − 2 v ρ   18 t − 6 f t    ,    d G   1    =   4 t − 3 f t − 2 v + 2 v ρ   9 t − 3 f t    ,    π  M 1    1    =  π  M 2    1    =     1 − f       5 t + 2   1 − ρ   v    2    12     3 − f    2  t    , and    π E   1    =     16 + 3   7 − 2 f   f    t 2  − 2   8 − 3   5 − f   f     1 − ρ   t v + 4  v 2      1 − ρ    2    6     3 − f    2  t    ; (ii) if     ρ − 1   v <     2 f − 1   t  2   , such that    p   T 1    =  p   T 2    =   t + 2   1 − ρ   v   2   1 − f      ,    p G  =   t + 2 f   1 − ρ   v   2   1 − f      ,    d   T 1     1    =  d   T 2     1    =  d G   1    =  1 3   ,    π  M 1    1    =  π  M 2    1    =   t + 2   1 − ρ   v  6   ,    π E   1    =     1 + 2 f   t + 6 f   1 − ρ   v   6   1 − f      .



For case (2), i.e.,    p   T j    ≤  p   T  3 − j     <   1 − ρ   v +  p G    or    p   T j    <   1 − ρ   v +  p G  <  p   T  3 − j      ,     j =   1 , 2    . First, given the symmetrical pricing for manufacturers, by following the same process with the basic model we can obtain (1) if     ρ − 1   v <   2 f − 1   t   such that    p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f    ,    p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f    ,    π  M 1    2    =  π  M 2    2    =     1 − f       5 t + v − v ρ    2    6     3 − f    2  t    , and    π E   2    =     16 + 3   7 − 2 f   f    t 2  −   8 − 3   5 − f   f     1 − ρ   t v +  v 2      1 − ρ    2    3     3 − f    2  t    ; (2) if     ρ − 1   v ≥   2 f − 1   t  , such that    p G  = 2 t −   1 − ρ   v  ,    p   T 1    =  p   T 2    = 2 t  ,    π  M 1    2    =  π  M 2    2    =   2   1 − f   t  3   , and    π E   2    =   2   1 + 2 f   t −   1 − ρ   v  3   .



Second, given the asymmetrical pricing for manufacturers, by following the same process with the basic model we can obtain (1) if     ρ − 1   v <     2 + 3 f   t  5   , such that    p G  =     10 + 3 f   t −   5 − 2 f     1 − ρ   v   2   6 − f     ,  p   T 1    =   4 t +   1 − ρ   v   6 − f   ,  p   T 2    =     10 − f   t +   1 − ρ   v   2   6 − f      ,   π  ′  M 1    2    =   2   1 − f       4 t + v − v ρ    2    3     6 − f    2  t    ,   π  ′  M 2    2    =     1 − f         10 − f   t +   1 − ρ   v    2    12     6 − f    2  t    , and   π  ′ E   2    =     100 + f   208 +   − 35 + f   f      t 2  + 2   50 − 57 f + 6  f 2    t v   − 1 + ρ   +   25 − f    v 2      − 1 + ρ    2    12     6 − f    2  t    ; (2) if       2 + 3 f   t  5  ≤   ρ − 1   v ≤     18 − 13 f   t  5   , such that    p G  =   3 t − 5   1 − ρ   v  5  ,  p   T 1    =   3 t  5  ,  p   T 2    =   4 t  5   ,   π    ″    M 1    2    =   6   1 − f   t   25    ,   π    ″    M 2    2    =   16   1 − f   t   75    , and   π    ″   E   2    =     15 + 34 f   t − 25   1 − ρ   v   75    .



Next, given     2 f − 1   t <     2 + 3 f   t  5   , we compare the equilibrium between symmetrical pricing and asymmetrical pricing as below: (1) When     ρ − 1   v <   2 f − 1   t  , we have    π  M 2    2    −   π ′   M 2    2    =     1 − f     63 +   − 18 + f   f     12     6 − f    2      3 − f    2  t       ρ − 1   v −   270 + f   − 51 +   − 6 + f   f   +  2    6 − f     5 − f     3 − f     63 +   − 18 + f   f   t         ρ − 1   v −   270 + f   − 51 +   − 6 + f   f   −  2    6 − f     5 − f     3 − f     63 +   − 18 + f   f   t      , Since     ρ − 1   v <   2 f − 1   t <   270 + f   − 51 +   − 6 + f   f   −  2    6 − f     5 − f     3 − f     63 +   − 18 + f   f   t <   270 + f   − 51 +   − 6 + f   f   +  2    6 − f     5 − f     3 − f     63 +   − 18 + f   f   t    , we thus obtain    π  M 2    2    −   π ′   M 2    2    > 0  ; (2) When     2 f − 1   t ≤   ρ − 1   v <     2 + 3 f   t  5   , we have    π  M 2    2    −   π ′   M 2    2    = −     1 − f     12     6 − f    2  t       ρ − 1   v −     10 − f   + 2  2    6 − f     t       ρ − 1   v −     10 − f   − 2  2    6 − f     t    . Since       10 − f   − 2  2    6 − f     t < 0 <     2 + 3 f   t  5  <     10 − f   + 2  2    6 − f     t  , we thus obtain    π  M 2    2    −   π ′   M 2    2    > 0  ; (3) When     ρ − 1   v >     2 + 3 f   t  5   , we have    π  M 2    2    −   π ′   M 2    2    =   34   1 − f   t   75   > 0  . As a result, we can see that the subcase of asymmetrical pricing is dominated by that of symmetrical pricing. Thus, either manufacturer has no incentives to deviate symmetrical pricing. Thus, the optimal solutions under Case (2) are summarized in the following Lemma.





Lemma A.2.

For Case (2), there is a unique set of solutions for the firms’ optimal prices and profits: (i) if     ρ − 1   v <   2 f − 1   t  , such that    p   T 1    =  p   T 2    =   5 t +   1 − ρ   v   3 − f    ,    p G  =   2   2 + f   t −   1 − f     1 − ρ   v   3 − f    ,    d   T 1     2    =  d   T 2     2    =   5 t + v − v ρ   18 t − 6 f t    ,    d G   2    =   4 t − 3 f t − v + v ρ   9 t − 3 f t    ,    π  M 1    2    =  π  M 2    2    =     1 − f       5 t + v − v ρ    2    6     3 − f    2  t    , and    π E   2    =     16 + 3   7 − 2 f   f    t 2  −   8 − 3   5 − f   f     1 − ρ   t v +  v 2      1 − ρ    2    3     3 − f    2  t    ; (ii) if     ρ − 1   v ≥   2 f − 1   t  , such that    p   T 1    =  p   T 2    = 2 t  ,    p G  = 2 t −   1 − ρ   v  ,    d   T 1     2    =  d   T 2     2    =  d G   2    =  1 3   ,    π  M 1    2    =  π  M 2    2    =   2   1 − f   t  3   , and    π E   2    =   2   1 + 2 f   t −   1 − ρ   v  3   .



Next, we will compare the outcomes stated in Lemma A.1 and Lemma A.2, and then find out firms’ optimal strategies under green product entry. Since       2 f − 1    2  t ≤   2 f − 1   t   under support   f ∈     0 , 1    , the following analysis has three cases. (1) When     ρ − 1   v <     2 f − 1   t  2   , we have    π  M j    1    −  π  M j    2    = −   1 − f   6     3 − f    2  t       ρ − 1   v −     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f         ρ − 1   v −     − 4 + f −  f 2  −   3 − f     f   3 + f       ) t   1 − f      . Since       − 4 + f −  f 2  −   3 − f     f   3 + f       ) t   1 − f   < 0   and       − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <     2 f − 1   t  2   , we thus obtain (i)    π  M j    1    −  π  M j    2    ≥ 0   if     ρ − 1   v ≤     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f    ; and (ii)    π  M j    1    −  π  M j    2    < 0   if       − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <   ρ − 1   v <     2 f − 1   t  2   ; Since    π E   1    −    π E   2    = −  1  3     3 − f    2  t       ρ − 1   v +   4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t       ρ − 1   v −   − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t     and     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t <     2 f − 1   t  2   , we thus obtain (i)    π E   1    −    π E   2    ≥ 0   if     ρ − 1   v ≤   − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f      ; and (ii)    π E   1    −    π E   2    < 0   if     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     <   ρ − 1   v <     2 f − 1   t  2   . As a result, since       − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <   − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     <     2 f − 1   t  2   , we obtain that (i)    π  M j    1    ≥  π  M j    2      and    π E   1    ≥    π E   2      if     ρ − 1   v ≤     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f    ; (ii)    π  M j    1    <  π  M j    2      and    π E   1    <    π E   2      if     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     <   ρ − 1   v <     2 f − 1   t  2   ; and (ii) there exists no equilibrium if       − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <   ρ − 1   v ≤   − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f      . (2) When       2 f − 1   t  2  ≤   ρ − 1   v <   2 f − 1   t  , we have    π  M j    1    −  π  M j    2    =   1 − f   6     3 − f    2  t       ρ − 1   v +   5 t    2          ρ − 1   v −   5 t    2       . Since     ρ − 1   v <   2 f − 1   t <   5 t    2     , we have    π  M j    1    −  π  M j    2    < 0  . Furthermore, since    π E   1    −    π E   2    =  1  3     3 − f    2  t       ρ − 1   v +     16 + 3 f   7 − 2 f        2    t       ρ − 1   v −     16 + 3 f   7 − 2 f        2    t     and     ρ − 1   v <   2 f − 1   t <     16 + 3 f   7 − 2 f        2    t  , we have    π E   1    −    π E   2    < 0  . (3) When     ρ − 1   v ≥   2 f − 1   t  , since    π  M j    1    −  π  M j    2    =   1 − f   3     3 − f    2  t       ρ − 1   v −   5 − 2  2    3 − f    2  t       ρ − 1   v −   5 + 2  2    3 − f    2  t     and     5 − 2  2    3 − f    2  t < 0   and     2 f − 1   t <   5 + 2  2    3 − f    2  t  , we have (i)    π  M j    1    −  π  M j    2    < 0   if     2 f − 1   t ≤   ρ − 1   v <   5 + 2  2    3 − f    2  t  ; and (ii)    π  M j    1    −  π  M j    2    ≥ 0   if     ρ − 1   v ≥   5 + 2  2    3 − f    2  t  . Since    π E   1    −    π E   2    =  2  3     3 − f    2  t       ρ − 1   v −   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t       ρ − 1   v −   1 + f   9 − 2 f   −   3 − f       1 + 2 f     9 + 2 f      4  t     and     1 + f   9 − 2 f   −   3 − f       1 + 2 f     9 + 2 f      4  t < 0   and     2 f − 1   t <   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  , we have (i)    π E   1    −    π E   2    < 0   if     2 f − 1   t ≤   ρ − 1   v <   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  ; and (ii)    π E   1    −    π E   2    ≥ 0   if     ρ − 1   v ≥   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  . As a result, since     1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t <   5 + 2  2    3 − f    2  t   we have (i)    π  M j    1    <  π  M j    2      and    π E   1    <    π E   2      if     2 f − 1   t ≤   ρ − 1   v <   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  ; (ii)    π  M j    1    ≥  π  M j    2      and    π E   1    ≥    π E   2      if     ρ − 1   v ≥   5 + 2  2    3 − f    2  t  ; and (iii)    π  M j    1    <  π  M j    2      and    π E   1    ≥    π E   2      if     1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t ≤   ρ − 1   v <   5 + 2  2    3 − f    2  t  , thus these exist no equilibrium in this case.






Appendix A.7. Proof of Proposition 4


Given the benchmark case without product entry, to compare the profits of each firm in all parameter regions in Proposition 3 one by one: (1) When     ρ − 1   v ≤     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f    , since    π  M j    0    −  π  M j    1    =  1 3    v   ρ − 1   −   9 f − 7  4  t     and     ρ − 1   v ≤     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <   9 f − 7  4  t   holds, we obtain    π  M j    0    −  π  M j    1    < 0  . Furthermore, since    π E   0    −  π E   1    =  f  1 − f       ρ − 1   v −   1 − f   7 − 9 f     6 f   t     and     ρ − 1   v ≤     − 4 + f −  f 2  +   3 − f     f   3 + f       t   1 − f   <   1 − f   7 − 9 f     6 f   t   holds, we obtain    π E   0    −  π E   1    < 0  . (2) When     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t <   ρ − 1   v <   2 f − 1   t  , since    π  M j    0    −  π  M j    2    = −   1 − f   6     3 − f    2  t       ρ − 1   v −   5 −   3   3 − f      2      t       ρ − 1   v −   5 +   3   3 − f      2      t     and     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     t <   5 −   3   3 − f      2      t <   2 f − 1   t <   5 +   3   3 − f      2      t  , we thus obtain (i)    π  M j    0    −  π  M j    2    < 0   if     − 4   2 + f   +   3 − f     2   1 + 2 f     1 + 5 f       2   1 − f     <   ρ − 1   v <   5 −   3   3 − f      2      t  ; and (ii)    π  M j    0    −  π  M j    2    ≥ 0   if     5 −   3   3 − f      2      t ≤   ρ − 1   v <   2 f − 1   t  ; Furthermore, since    π E   0    −  π E   2    =     − 32 + 3 f   13 + f   − 14 + 3 f        t 2  − 2   8 + 3   − 5 + f   f   t v   − 1 + ρ   − 2  v 2      − 1 + ρ    2    6     − 3 + f    2  t     and   − 2     − 1 + ρ    2  < 0   and       3 − f    2    − 2 + f   f  t 2      − 1 + ρ    2  < 0  , we thus obtain    π E   0    −  π E   2    < 0   always sustains. (3) When     2 f − 1   t ≤   ρ − 1   v <   1 + f   9 − 2 f   +   3 − f       1 + 2 f     9 + 2 f      4  t  , we have    π  M j    0    −  π  M j    2    =   3   1 − f   t  4  −   2   1 − f   t  3  > 0   and    π E   0    −  π E   2    =  1 6    −   4 − f   t − 2 v   ρ − 1     < 0   hold. (4) When     ρ − 1   v ≥   5 + 2  2    3 − f    2  t  , we have    π  M j    0    −  π  M j    1    = −   1 − f   3     3 − f    2  t       ρ − 1   v −   14 − 3 f  2  t       ρ − 1   v +   4 − 3 f  2  t     and    π E   0    −  π E   1    = −  2  3     3 − f    2  t       ρ − 1   v −   − 4 + 3   4 − f   f  2  t       ρ − 1   v +   4 − 3 f  2  t    . Since     − 4 + 3   4 − f   f  2  t <   5 + 2  2    3 − f    2  t <   14 − 3 f  2  t  , we obtain    π E   0    −  π E   1    < 0   under     ρ − 1   v ≥   5 + 2  2    3 − f    2  t  ;    π  M j    0    −  π  M j    1    ≥ 0   if     5 + 2  2    3 − f    2  t ≤   ρ − 1   v ≤   14 − 3 f  2  t  , and    π  M j    0    −  π  M j    1    < 0   if     ρ − 1   v >   14 − 3 f  2  t  .
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Figure 1. Model structure. 
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Figure 2. Marginal consumer (MC) locations in equilibrium. 
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Figure 3. The impacts of platform fee on the parameter regions. 
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