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Abstract: As environmental awareness grows, consumers’ green and low-carbon preferences have become essential factors for market enterprises to consider in decision-making. This paper conducts a literature review of dual-channel supply chain pricing decisions under the influence of consumers’ low-carbon preference. The analysis is carried out from two aspects: dual-channel supply chain types and consumers’ low-carbon preference. By combining psychological games and analyzing relevant literature, this paper provides insights into the factors that affect consumers’ low-carbon preference and explores the synergies among various factors, including government policies. Moreover, this paper suggests future research directions, such as conducting empirical research on relevant models, to support the diversified development of the dual-channel field. 
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1 Introduction

In the current era of ”Internet +”, businesses are constantly innovating their models, and as information technology rapidly develops, the security and control environment also continues to improve. With the convenience of obtaining commodity information online and the ease of evaluation, the electronic market has become the core of commodity purchase and sale on the Internet, leading to a gradual shift of consumers’ shopping channels online. This digital transformation has prompted most enterprises to fully integrate various sales channels, combining traditional offline retail channels with online sales channels, and using digital technology to accurately target specific consumer groups for their products. This enables efficient matching of the needs of corresponding consumer groups with personalized, high-quality, and excellent services, providing them with a multi-channel operation mode that is systematic, organized, and comfortable [1]. 

However, the newly developed dual-channel model currently conflicts with the existing traditional retailer market due to various factors such as channel and price competition, despite its benefits of providing a good shopping experience, efficient use of existing resources, and optimization of supply chain efficiency [2]. In addition, consumers’

awareness of green environmental protection has increased significantly, leading to changes in consumption channels and consumer consumption concepts [3]. Therefore, manufacturers or suppliers must make corresponding changes to maintain competitiveness. Enterprises must balance the pricing decision-making issues of online and offline channels to realize the harmonious coexistence and stable development of the green dual channels composed of online and offline channels. 

Although there are many literatures on the decision-making problem of dual-channel supply chain, including supply chain member decision-making, coordination decision-making, service decision-making, production decision-making, etc., there is still relatively little research on pricing decisions in dual-channel supply chains under consumers’ low-carbon preference. This paper aims to provide insights into this area. It mainly selects relevant literature on the pricing decision of the dual-channel supply chain under the influence of consumers’ low-carbon
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preference and reviews and summarizes the current research methods of the dual-channel supply chain under the influence of this factor. The paper also provides ideas and innovative directions for future research of dual-channel supply chain, especially the dual-channel supply chain under the influence of consumers’ low-carbon preference. 

This section sorts out the literature on research methods for dual-channel supply chain pricing decision-making and discusses the dual-channel type and consumers’ low-carbon preference by category. Looking at the literature on dual-channel supply chain decision-making under the influence of different preferences in recent years, pricing decision-making is the most widely studied direction. With the insights gained from analyzing and summarizing existing research, this paper hopes to provide valuable contributions to the dual-channel supply chain literature and identify areas for future research. 

2 Dual-Channel Supply Chain Structure

The sudden addition of online channels has greatly impacted the traditional supply chain, resulting in scarcity of resource allocation and profit squeeze. This has led to a double free riding effect between manufacturers and traditional distributors, contributing to the emergence of channel conflicts from various perspectives. The impact of these conflicts is not only on promotional strategy efforts but also on the efficiency of the entire supply chain, as well as the utilization of market resources. Therefore, resolving conflicts between dual channels and coordinating the supply chain has become a key challenge that manufacturers and retailers must address. 

2.1 Traditional Supply Chain

When shopping, consumers are faced with the choice of traditional retail channels or online channels. For manufacturers or retailers, identifying the factors that influence consumers’ channel choices is crucial. Cai [4]

explored the influence of channel structure and coordination of product supply chains on manufacturers, retailers, and supply chains. Ji et al. [5] used dynamic programming theory in operations research and differential game theory in game theory to construct reference factors for consumers’ online reviews, inventory evaluation factors for different offline retailers, and influence models of different individuals’ personality preferences for the two channels on supply chain operations. Yang et al. [6] found that for some products with insignificant differences that can be replaced by out-of-stock, ”two-way free riding” situations will inevitably arise when both offline and online channels exist, whether it is the manufacturer or the retailer. For instance, a common phenomenon when purchasing clothes or other products is that customers visit their local physical store to understand the type and size of the clothes and try them on. If they are suitable, they will choose to buy online because online prices are lower. This is a typical free-riding case of a manufacturer on a retailer, which greatly impacts physical retail stores [6] and has attracted the attention of many scholars. 

Figure 1. Comparison chart of single and double free riding effect

Zhou and Zhao [7] investigated the wholesale or retail pricing strategy of manufacturers and retailers in a dual-channel supply chain under the assumption that only retailers have disclosed information regarding single and dual free-rider effects (as shown in Figure 1). Xing and Liu [8] explored the impact of the ”free-riding” behavior of consumers on the sales investment efforts of manufacturers and retailers, and its effect on supply chain profits. 

Zhang et al. [9] established a two-stage pricing and service level decision-making model for the implementation of discriminatory pricing through dual channels. They used consumer utility, optimization theory, and game theory to analyze the impact of consumer free-riding and discriminatory pricing on the dual-channel supply chain. 
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Building on the existing research, Wang [10] studied the pricing decision-making and contract coordination mechanism of a dual-channel low-carbon supply chain composed of a single manufacturer and retailer, using the Stackelberg game and mathematical model. 

They examined this under different power structures. 

Geng and

Mallik [11] studied the compensation incentives of manufacturers to retailers under the assumption that the retailers are the leader of the Stackelberg strategy game. They effectively alleviated the coordination of supply imbalances in dual supply chains by combining reverse revenue sharing contracts and transfer payments. This maximized retailers’

profits while constrained resource and production efficiency, at least without compromising manufacturers’ existing profits. The research conducted by Geng and Mallik [11] provides a useful framework for managing the supply chain and pricing decisions in a dual-channel environment, particularly in cases where there is a power asymmetry between manufacturers and retailers. 

2.2 Closed-Loop Supply Chain

As the traditional economic development model shifts towards the circular economy model, there is an increased focus on the recycling and manufacturing of waste products. In this context, a new supply chain model, the dual-channel closed-loop supply chain, has emerged. This model combines various types of reverse supply chains, such as consumer-retailer-manufacturer or consumer-manufacturer, with the traditional supply chain. The result is an organic combination that enables sustainable recycling of resources and the development of a new dual-channel marketing model. 

Figure 2. Multi-channel recycling closed-loop supply chain model

Figure 3. Closed-loop supply chain of consumers with different preferences for dual channels under reverse logistics recycling

American automobile manufacturers have set a great example by actively remanufacturing waste products, which not only generates good economic benefits but also earns a positive reputation in society. In a closed-loop supply chain, selecting the appropriate recycling channels is crucial for constructing a sustainable recycling system. Chen et al. [12] established a multi-channel recycling closed-loop supply chain model using the Stackelberg game under four reward and punishment mechanisms (as shown in Figure 2). They studied the decision-making of manufacturers and recycling departments in retailer-led closed-loop supply chains under this mechanism. Rayati et al. [13] evaluated the recycling strategy and optimal pricing under two competitive recycling channels of retailers and third parties. 

Saha et al. [14] studied the dual-channel closed-loop supply chain decision-making problem under the assumption that the recycling volume is non-linear dependent on the recycling price. They compared the supply chain profits of 59

three recycling models. Building on this research, Zheng et al. [15] extended the classic closed-loop supply chain game model with recovery rates as the decision-making variable to a dual-channel closed-loop supply chain. 

Furthermore, scholars have also conducted research on government policy guidance, such as trade [16], subsidizing consumers, and the government collecting a certain fund from manufacturers to subsidize recyclers [17]. 

Niu [18] developed a dual-channel closed-loop supply chain based on consumers’ different preferences for traditional retail channels and electronic channels (as shown in Figure 3). They took into account reverse logistics after the sale of goods and secondary sales costs after maintenance. By constructing the manufacturer-led Steinberg game model under information asymmetry, the Bochuander game model with a balance between manufacturers and retailers, and the Pareto optimal decision-making model under complete information conditions, and then introducing the contract coordination mechanism, they obtained the optimal decision-making model. They found that consumers’ preference for online channels is not related to the wholesale price given by manufacturers to retailers but is related to total profits [18]. 

These studies are in line with the current green policies of the government and the market. They have systemati-cally enriched the theoretical and methodological system of pricing and decision-making in the closed-loop supply chain of dual-channel recycling. This is of great significance for future scholars researching this field. 

3 Research on Dual-Channel Supply Chain Based on User Behaviors

3.1

Consumer Channel Preference

Most of the scholars mentioned earlier focus on the structure of the dual-channel supply chain. However, some scholars combine the dual-channel structure with consumer behavior psychology. This includes studies on consumer psychology, retailer psychology, manufacturer psychology, and a comprehensive study of the three. For instance, Gao [19] uses psychological cost as an explanatory variable to study the relationship between the price difference of products in dual channels and the psychological cost of online shopping. They investigate its impact on corporate profits and confirm the existence of psychological cost of online shopping through empirical testing. Additionally, they analyze the main factors affecting the psychological cost of consumer online shopping, providing a new direction for enterprises to capture market share and promote products. 

Some scholars believe that under the condition of incomplete information, some consumers show the psychological bias of overconfidence. Therefore, they study the impact of consumer overconfidence on and sensitivity to retailer profits under different circumstances using the theory of consumer utility and the relevant model of dual-channel retailer pricing decision-making. In contrast, Shen et al. [20] divide consumer groups based on the comparison shopping behavior of consumers. They construct a single-channel and dual-channel supply chain decision-making model and analyze the profit function of supply chain members under the two models using game theory. Their results show that the existence of online consumers will reduce the profits of retailers, and the conflict between the dual channels will also intensify [21]. 

To analyze the pricing strategies of retailers with risk-averse behaviors, Wang [22] establishes the pricing strategy model of the Stackelberg game using the average price difference pricing strategy under the condition that consumers have different preferences for dual channels. Hong et al. [23] study the problem of recycling channel selection under the influence of the psychological state of decision makers and the risk preference factors of manufacturers and retailers under the condition of inaccurate information. They analyze the competition and cooperation between manufacturers and retailers from the perspective of revenue stream risk, and study how to achieve supply chain coordination, Pareto improvement, and reasonable distribution of system performance. Li et al. [24] analyze the pricing and revenue under the symmetry and asymmetry of dual-channel supply chain information without fair concerns, using the Starckerberg game and wholesale price discount and cost sharing contract model. 

In addition to the studies of various aspects by the above-mentioned scholars, there are also some scholars who comprehensively consider the mixed model analysis of multiple factors. For example, Liang and Zhang [25] consider the green preference and dual-channel preference of consumers, as well as the innovation input cost of emission reduction in the supply chain when manufacturers dominate and only manufacturers carry out carbon emissions. 

They construct the Stackelberg game model for three supply chain structures, i.e., the traditional offline single retail channel, offline retailer distribution and online direct sales dual channel, and offline retailer distribution and online retailer distribution dual channel. They study the optimal pricing strategy decision and the dual-channel profit analysis strategy of each member of the supply chain under the consideration of only the manufacturer’s emission reduction strategy. 

If the dual-channel model operates correctly, it can greatly increase the sales and recycling of market products, improve the remanufacturing capacity of the supply chain, achieve low-carbon environmental protection and efficient use of resources, and gain more profits. However, there are also some hidden dangers in this model. The conflicting competition between the two channels for market share may reduce the efficiency of the supply chain. Therefore, Wang and Hu [26] constructed a dynamic model of supply chain combining online and offline. They studied the 60

optimal service and pricing decisions under centralized and decentralized decision-making modes to achieve supply chain coordination. 

3.2 Consumers’ Low-Carbon Preference

In addition to the studies on the structure and decision-making of dual-channel supply chains, there are currently many studies considering the impact of consumer preference factors on the dual-channel supply chain. Scholars are increasingly interested in the issue of supply chain emission reduction. Many researchers have studied the direct impact of consumers’ low-carbon preference factors on the dual-channel sales of products or the indirect impact of certain environmental protection behaviors, such as recycling and remanufactured products, on corporate decision-making and green and low-carbon supply chains. 

Moreover, scholars have investigated the effects of consumer preferences on the pricing strategy of dual-channel supply chains. They have considered the impact of consumers’ low-carbon preference factors on pricing decisions and profits in dual-channel supply chains. By doing so, they have identified ways to promote the sales of low-carbon and environmentally friendly products in the dual-channel supply chain. 

Overall, the studies on the impact of consumer preferences on the dual-channel supply chain have enriched the theoretical and methodological system of pricing and decision-making in the green and low-carbon supply chain. 

They provide a foundation for future research in this field. 

3.2.1 Direct impact

Moreover, many scholars have conducted systematic studies on the impact of consumers’ low-carbon preferences on the profits of manufacturers and retailers. They have used methods such as evolutionary games and numerical simulations to draw meaningful management implications for subsequent research on low-carbon supply chains. 

For instance, Liu et al. [27] studied the impact of different contracts provided by manufacturers on the low-carbon supply chain under the condition that retailers have fair preference. Plambeck [28] verified that disclosing green information related to products can improve market share and profits for enterprises with a high green reputation or those focusing on marketing green and low-carbon products. Chen [29] believed that the terminal-oriented customer preference behavior of the products produced by an enterprise determines the production mode of the enterprise and the competition or cooperation among enterprises. 

The way a country or specific local government views the ecological environment and its related policies largely affects consumers’ preference for low-carbon products. This, in turn, determines the awareness and improvement of low-carbon supply chain construction in the production and operation process of local enterprises. Enterprises with high carbon emissions, such as Midea Air Conditioners and Ford Motor, coordinate with upstream and downstream supply chains to invest in reducing emissions. Therefore, some scholars have used the Stackelberg game model and evolutionary game theory to analyze and study the supply chain emission reduction strategy and efficiency against the government’s carbon cap policy under the consideration of consumers’ low-carbon preference. 

Lou et al. [30] studied the coordination mechanism of revenue-sharing contracts under the influence of consumers’

low-carbon preference. Based on Lou’s research [30], Ghosh and Shah [31] and Swami and Shah [32] extended and analyzed the two pricing contracts, showing that both revenue-sharing contracts and pricing contracts can achieve supply chain coordination under consumers’ low-carbon preference. Zhou [33] constructed a cost-sharing contract model by constructing a differential game model and using the Hamilton-Jacobi-Bellman equation to study the impact of low-carbon emission reduction input, publicity input, and publicity sharing rate on the performance of the dual-channel supply chain under centralized decision-making and Stackelberg games. 

On the premise that enterprises voluntarily reduce emissions and consumers have a preference for low-carbon products, Wang and Zhao [34] used the Rubinstein bargaining model and revenue-sharing contract to study the impact of low-carbon coordination between individual manufacturers and retailers on low-carbon products. They studied the impact of manufacturers’ carbon emission reduction efforts and cultivation of consumers’ low-carbon awareness on low-carbon supply chain coordination and efficiency improvement. 

Numerous studies have shown that the popularity of consumers’ green and low-carbon awareness is almost a decisive factor for whether manufacturers or suppliers provide low-carbon products or how hard they try to provide low-carbon products. Chitra [35] indicated that the stronger the consumer’s health and environmental awareness is, the higher the expected price they are willing to pay for green and low-carbon products. Vanclay et al. [36]

studied the sales data of Australian products and found that the sales volume of low-carbon products was significantly higher than that of high-carbon products. Wei et al. [37] focused on the factors affecting consumers’ low-carbon consumption, providing direction and reference for enterprises to promote or for the government to guide consumers’

low-carbon consumption. 

Furthermore, Liu et al. [38] considered consumers’ green preference and analyzed the decision-making and profits of supply chain manufacturers and retailers. Many of the above-mentioned scholars have studied the impact of consumers’ low-carbon preference on the decision-making of various entities in the supply chain, and some scholars have conducted comprehensive and systematic analysis and research on these impacts. Luo et al. [39] constructed 61

a two-stage game between manufacturers and retailers based on centralized decision-making and explored the impact of market carbon caps, consumer carbon sensitivity coefficients, and carbon emission reduction cost factors on the emission reduction efforts of supply chain members. Zhou [33] constructed a dual-channel centralized decision-making and a Stockberg decentralized decision-making model under the framework of low-carbon emission reduction-low-carbon product promotion-brand strategy analysis when there are product differences between different enterprises and promotion of low-carbon competition. They studied the response strategies of low-carbon emission reduction and publicity of supply chain members and designed the optimal cooperation mechanism. 

3.2.2 Indirect impact

With the continuous improvement of productivity, natural resources have been overutilized to the point of exhaustion. Therefore, in order to improve resource utilization and reduce environmental pollution, countries such as the United States, Japan, and China have proposed the 3R (Reduce, Reuse, Recycle) system, to which China has added remanufacturing and further launched the 4R system [40]. 

In response to consumers’ low-carbon preference, many manufacturers and retailers in the supply chain have chosen to build a closed-loop supply chain through product repurchase and other measures to achieve the purpose of reducing carbon emissions and utilizing resources efficiently by remanufacturing products. To realize product repurchase and remanufacturing, Ma et al. [41] studied the impact of government subsidy behavior on the pricing decision of dual-channel closed-loop supply chain when consumers have a low-carbon preference for dual channels. 

Roy et al. [40] explored and analyzed the impact of carbon consumers’ acceptance of remanufactured products and carbon trading prices on corporate recycling, carbon emission reduction, and pricing decisions based on consumers’

different demand preferences for remanufactured products and new products. 

Roy et al. [42] constructed an economic optimization model of a two-stage duopoly market composed of brand manufacturers and remanufacturers, and found and proved that there is a unique pure strategy Nash equilibrium in the price yield of both sides. Peng et al. [43] introduced a third-party manufacturer and recovery function based on Pranab and studied the pricing strategy optimization of manufacturers’ new and remanufactured products in this situation. 

Considering that retailers or third parties need to obtain patent authorization from manufacturers to engage in remanufacturing, scholars have paid attention to research on remanufacturing patent licensing. Huang and Wang [44]

compared the recycling strategies of the closed-loop supply chain under the three recycling and remanufacturing modes under the background of patent protection, and Hong’s research [45] on three recycling channels. Hong et al. [45] studied the impact of different patent licensing strategies on closed-loop supply chain pricing and recycling decisions. Cao et al. [46] constructed a two-stage closed-loop supply chain model to analyze the impact of consumers’

attention to remanufacturing on optimal decision-making. Zhao et al. [47] studied the pricing and recycling decisions of manufacturers’ remanufacturing and retailers’ remanufacturing in the closed-loop supply chain under different patent licensing strategies. On the basis of these studies, Zheng et al. [15] and others innovatively proposed the idea of remanufacturing products by authorizing third-party remanufacturing patents and studied a dual-channel closed-loop supply chain model based on this. 

The advent of remanufactured products has also raised new questions about consumers’ different opinions and preferences for these remanufactured products and new products. Guide Jr and Li [48] found that this difference in preferences will have a greater impact on the decision of recycled product manufacturers on recycled and remanufactured products. Guo et al. [49] modeled this preference as the inconsistency of consumers’ willingness to pay for new products and remanufactured products (WTP) and studied the pricing and coordination mechanism of new products and remanufactured products in the market. Ferrer and Swaminathan [50] studied the pricing decision-making and coordination mechanism of single-cycle, dual-cycle, and multi-cycle remanufacturing systems based on consumers’ preference for new products and remanufactured products, promoting the development of green manufacturing under the internet and meeting consumers’ green and low-carbon consumption needs. 

The above literature provides guidance and suggestions for manufacturers’ production and reproduction, how the government influences consumers’ low-carbon preference decision-making, and also provides models and directions for further research by subsequent scholars in this regard. 

4 Conclusions

The dual-channel low-carbon supply chain has emerged as the main mode of current enterprises for sales, and it is also the mainstream trend in the future. This innovative approach not only improves the efficiency of the supply chain and system profits, and brings convenience to consumers, but also greatly improves the utilization of resources, which is a big step forward in the direction of sustainable green development. 

Numerous scholars have studied the impact of consumers’ low-carbon preference factors on supply chain pricing decisions and have proposed some profound and effective model schemes and suggestions. However, there are still deficiencies in some aspects that need to be addressed in future research. 
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Firstly, future studies may focus on consumers’ low-carbon preference for different types of products, as the preferences of consumers for different product uses can vary. Moreover, influencing factors of consumers’ low-carbon preference, such as the government’s low-carbon policy, cultivation and publicity and promotion strategy, can be combined and considered comprehensively in the future. 

Secondly, there is a lack of research that considers both consumers’ low-carbon preference and the impact of

”free-riding” behavior on dual-channel supply chain decisions. Future studies can explore whether the two behaviors have an internal connection or a certain linkage effect, and its impact on the dual-channel supply chain. 

Thirdly, while most studies consider manufacturers, retailers, and consumers as the main members of the dual-channel supply chain, it is essential to include the influences of members such as the government and the media. 

Furthermore, as there are many dual-channel models, there will be an extremely complex multi-channel supply management system, so it is necessary to strengthen the study of complex dual-channel supply chains. 

Fourthly, while the research theory of dual-channel supply chain under consumers’ low-carbon preference has improved and enriched, there is a lack of empirical studies. Conducting relevant empirical research can help to transform theoretical value into real value, providing ideas and help for real cases. 

In conclusion, while the existing literature provides valuable insights into the pricing decision-making of the dual-channel supply chain under consumers’ low-carbon preference, there are still many opportunities for future research to address the gaps and advance the understanding of this topic. By exploring new variables, developing appropriate theoretical models, and conducting empirical research, we can enhance our knowledge of the dual-channel supply chain and facilitate the development of sustainable green development. 
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Abstract: As environmental awareness grows, consumers’ green and low-carbon preferences have become essential
factors for market enterprises to consider in decision-making. This paper conducts a literature review of dual-
channel supply chain pricing decisions under the influence of consumers’ low-carbon preference. The analysis
is carried out from two aspects: dual-channel supply chain types and consumers’ low-carbon preference. By
combining psychological games and analyzing relevant literature, this paper provides insights into the factors that
affect consumers’ low-carbon preference and explores the synergies among various factors, including government
policies. Moreover, this paper suggests future research directions, such as conducting empirical research on relevant
models, to support the diversified development of the dual-channel field.

Keywords: Dual-channel supply chain; Consumers’ low-carbon preference; Pricing decision; Multi-stage game;
Recycling and remanufacturing

1 Introduction

In the current era of “Internet +7, businesses are constantly innovating their models, and as information technology
rapidly develops, the security and control environment also continues to improve. With the convenience of obtaining
commodity information online and the ease of evaluation, the electronic market has become the core of commodity
purchase and sale on the Internet, leading to a gradual shift of consumers” shopping channels online. This digital
transformation has prompted most enterprises to fully integrate various sales channels, combining traditional offline
retail channels with online sales channels, and using digital technology to accurately target specific consumer
groups for their products. This enables efficient matching of the needs of corresponding consumer groups with
personalized, high-quality, and excellent services, providing them with a multi-channel operation mode that is
systematic, organized, and comfortable [1].

However, the newly developed dual-channel model currently conflicts with the existing traditional retailer market
due to various factors such as channel and price competition, despite its benefits of providing a good shopping
experience, efficient use of existing resources, and optimization of supply chain efficiency [2]. In addition, consumers’
awareness of green environmental protection has increased significantly, leading to changes in consumption channels
and consumer consumption concepts [3]. Therefore, manufacturers or suppliers must make corresponding changes
to maintain competitiveness. Enterprises must balance the pricing decision-making issues of online and offline
channels to realize the harmonious coexistence and stable development of the green dual channels composed of
online and offline channels.

Although there are many literatures on the decision-making problem of dual-channel supply chain, includ-
ing supply chain member decision-making, coordination decision-making, service decision-making, production
decision-making, etc., there is still relatively little research on pricing decisions in dual-channel supply chains under
consumers’ low-carbon preference. This paper aims to provide insights into this area. It mainly selects relevant
literature on the pricing decision of the dual-channel supply chain under the influence of consumers’ low-carbon
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