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Supply chain emissions reduction is an important way to promote the development of a low-carbon economy and address climate challenges. Although the scale of livestream shopping has demonstrated unprecedented growth globally, especially since the COVID-19 outbreak, livestreaming supply chains have also contributed significantly to carbon emissions. Currently, optimisation models for the low-carbon governance of livestreaming supply chains are relatively lacking. To address the issue of carbon emission reduction in livestreaming supply chains, this study paper proposes three low-carbon governance decision-making models based on environmental and operating costs to compare which governance model is optimal. The most suitable decision result for the policymaker and supply chain is both cost-effective and environmentally successful under the model considering carbon tax and carbon trade. The results show that 1) governance based only on carbon tax and collaborative operation will decrease the total cost of the livestreaming supply chain but increase the environmental cost. 2) Governance based only on carbon trading and collaborative operation will increase the total cost of the livestreaming supply chain, while the environmental cost will not change. 3) Under governance that combines carbon tax and carbon trading, collaborative operations can effectively reduce both the total cost and the environmental cost of livestreaming supply chains. Theoretically, our study enriches the research on the low-carbon governance of livestreaming supply chains. Moreover, the research results provide useful insights into the formulation of a low-carbon policy for livestreaming supply chains.
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1 INTRODUCTION
Livestreaming sales are developing rapidly in China, and the expansion of the logistics of upstream and downstream enterprises in the livestreaming supply chain has increased carbon emissions (Fangqing et al., 2021). Livestreaming sales have surpassed other forms of sales in an increasing number of countries (Xu et al., 2018; Twitch tracker, 2020). The COVID-19 pandemic has changed people’s consumption habits, further promoting the rapid development of live streaming sales. Livestream shopping has become a part of life and has taken the Chinese market by storm. For example, in 2020, there were approximately 617 million livestream users in China, representing a penetration rate of 62.4% among Internet users (Pwc’s consumer insights survey 2021 China report, Price Waterhouse Coopers, 2021). The rapid development of livestreaming has also promoted an increase in logistics activities in livestreaming supply chains. Livestreaming supply chains consume a large amount of energy for logistics, packaging, and storage, resulting in a large amount of carbon emissions that have an impact on the climate and environment (Lin, 2019). In 2020, the volume of express parcels reached 83.36 billion pieces, 80% of which serve e-commerce businesses such as livestreaming (Qian and Cai, 2020). During the process of commodity trading, goods circulation, and distribution services, such as transportation and freight packaging, livestreaming supply chains generate large amounts of carbon emissions, which negatively impact the climate and environment (Zhu et al., 2020). For example, in 2019, the carbon emissions from e-commerce, such as livestreaming in logistics, packaging, and storage, were as high as 53, 226, 449 tons, representing approximately 1% of the total carbon emissions in 2019. Carbon dioxide is a major greenhouse gas that causes global warming (Ripple et al., 2020). Climate change would have disastrous consequences for the global environment and human society if the temperature rise exceeded 2°C (Intergovernmental Panel on Climate Change (IPCC), 2013; Leemans and Vellinga, 2017). Therefore, the reduction of carbon emissions in the livestreaming supply chains is of great significance to China’s carbon peaking and global climate governance.
The rapid development of livestreaming and low-carbon supply chains has attracted the attention of scholars. Livestreaming sales are free from the constraints of time, space, and “untouchability” (Zhang et al., 2017; Ang et al., 2018). Real-time interaction between anchors and consumers can effectively improve consumers’ perceived value of products (Bhaskaran and Krishnan, 2009; Lu et al., 2016; Wongkitrungrueng et al., 2020; Sun et al., 2021). In 2020, owing to the COVID-19 pandemic, China’s livestreaming sales showed explosive growth, with the turnover of live streaming exceeding one trillion yuan. According to the theoretical framework of Stimulus–Organism–Response, scholars have confirmed that social presence, trust, flow experience, and streamer characteristic improve consumers’ willingness to buy via live streaming (Ha and Perks, 2005; Lu et al., 2016; Schouten et al., 2020). Some scholars have studied the influencing factors, operation mode and profit mode of livestreaming using empirical methods and cases (Pu et al., 2020; Zhang et al., 2020). Other scholars have studied the introduction strategy, price strategy, operation coordination strategy, and revenue sharing strategy in livestreaming supply chains using the model method (Zhu and Liu, 2021; Wang and Zhang, 2022). The goal of carbon neutralisation has attracted great attention from scholars because frequent climate change has a severe impact not only on human survival but also on their wellbeing and development, and no country is excluded from these effects (Cramer et al., 2018; Umar et al., 2021a; Umar et al., 2021b). To curb increase in carbon emissions, governments have tried different measures such as imposing carbon taxes, promoting clean energy, and shutting down low-capacity and energy-intensive enterprises. To achieve the goal of carbon peaking by 2030, the Chinese government has actively promoted carbon labelling and energy consumption labelling to promote the reduction of emissions by enterprises and guide consumers to choose low-carbon products. Concepts such as “conserve energy and reduce emissions”, “climate change”, and “low-carbon economy”, advocated by the 2009 Copenhagen Conference, have had a profound impact on organisations and individuals, which has changed the behaviour of consumers and enterprises (James 1996). The awakening of global low-carbon consciousness has gradually penetrated all supply chain links. Low-carbon supply chain research has achieved fruitful results in the following two aspects: operational decision making of a single enterprise in a low-carbon supply chain (Hua et al., 2011; Du et al., 2016) and low-carbon supply chain decision making under a single channel or multiple channels (Ji et al., 2017; Xu et al., 2018). However, to the best of our knowledge, there is still a lack of research on optimal low-carbon governance models based on multi-scenario case studies for livestreaming supply chains.
Previous studies have suggested that it is difficult to effectively reduce carbon emissions through the efforts of a single company in a supply chain (Liu et al., 2020). Under the condition of a market economy, carbon emissions can be reduced only through the collaboration of upstream and downstream companies in the supply chain, and the goal of maximising economic and social benefits can be achieved (Omri et al., 2021). Therefore, it is strategic and imperative to reduce carbon emissions in supply chains through collaborative regulation (Jabbour et al., 2015). This study develops a mathematical model of the total cost of a live streaming supply chain under collaborative operation, which includes operating and environmental costs. By comparing the environmental cost and total cost under the three governance scenarios, it can be concluded that the governance model is the optimal low-carbon governance model for livestreaming supply chains. Unlike the existing literature, the main contributions of this study are as follows. First, in addition to considering carbon trading prices and carbon taxes, the manufacturer’s supply speeds are considered in the manufacturer and livestreaming retailer operating costs, which have not usually been involved in prior studies. Second, there are few studies on the increase in carbon emissions caused by the rapid development of livestreaming supply chains. This study focuses on the low-carbon governance of livestreaming supply chains based on multiple scenarios for the first time, which is different from the previous literature on optimal operational decisions of live streaming supply chain members. Third, a comparative analysis of the three governance scenarios in this study provides important theoretical support for governments to promote low-carbon development of livestreaming supply chains and help firms optimise their operations under various scenarios.
The remainder of this paper is organised as follows. The next section presents a literature review. Section 3 presents the model. Section 4 is a case study and the results. The discussion and policy implication, sensitivity analysis, and conclusion are presented in Sections 5–7.
2 LITERATURE REVIEW
This study focuses on optimising the low-carbon governance model of livestreaming supply chains. The literature review in this section includes two parts: Live streaming sales and low-carbon governance of supply chains.
2.1 Live streaming sales
Over the past 3 years, livestreaming sales have become the fastest growing new business model globally, especially in developing countries (Zheng et al., 2022). China has ushered a new era of livestreaming sale models in the world, as Twitch stated that China’s live streaming market was at “another level”, reaching 157.5 billion, and was growing more aggressively than the rest of the world (Figure 1) (China Daily 2020; Li et al., 2020; Post, 2020; Statista 2021a; Statista 2021b; EcommerceDB 2021; Idia brand equity foundation, 2021; Paypal, 2021; Sina Business Headlines 2021).
[image: Figure 1]FIGURE 1 | Scale of the livestreaming sales market in major countries in 2020.
The literature on livestreaming sales has mainly adopted two methods: modelling and empirical methods. Studies using the empirical method mainly consider consumer behaviour, whereas those using the modelling method mainly consider operational decision making. In terms of empirical research methods, with the worldwide popularity of livestreaming sales, an increasing number of scholars have studied the psychological characteristics, motivation, and behaviour of consumers during livestreaming (Hilvert-Bruce and Neill, 2018; Li et al., 2021; Wang B, 2021; Wang Y, 2021; Chen et al., 2022). Sun et al. (2019) studied how livestreaming affects customers’ purchase intentions from the perspective of IT affordability. Ang et al. (2018) investigated whether and how livestreaming as a firm-initiated digital social viewing strategy impacted customers’ consequential behavioural intentions. Most livestreaming platforms in China support gifting services, and relational identities can affect viewers’ gifting behaviour, which in turn affects consumer comments (Li et al., 2020; Wang and Li, 2020). Other studies have examined the roles, characteristics, and reasons for the rise in livestreaming sales. For example, Lim et al. (2020) explored the role of emotional engagement, wishful identification, and parasocial relationships during repeated viewing of livestreaming games from a social cognitive perspective. Livestreaming sales can facilitate consumers and sellers to interact in real-time using mobile devices such as smartphones during the dynamic livestreaming sales process (Wongkitrungrueng et al., 2020). De et al. (2020) found that livestreaming platforms such as Twitch, which facilitate participatory online communities as an integral part of game culture, are one of the reasons for the increase in the number of livestreaming platforms.
In terms of modelling methods, some studies have examined the decision-making problem of livestreaming sale enterprises (Mao et al., 2022; Yang et al., 2022). With the continuous development of livestream shopping, some studies have conducted research on the expansion and application of livestreaming. With the large growth in the demand for live streaming services on the Internet, video-on-demand is more sensitive to jitter, variations in delay, and packet loss because they require higher-quality service requirements for live streaming. Santos et al. (2021) proposed a method that outperformed competing Active Queue Management algorithms to address network congestion problems. There is also literature focusing on the application of livestreaming in rural agriculture. Peng et al. (2021) studied farmers’ income from livestreaming sales with random rewards from the perspective of China’s rural revitalisation. Wang Z et al. (2021) explored the factors that impact the adoption intention of livestreaming on Chinese flower and seedling family farms.
These studies contribute to the exploration of the mechanisms by which livestreaming affects consumer behaviour and the decision making of livestreaming supply chain members. Shopping on livestreaming platforms has become very popular and has documented unparalleled growth worldwide. With the rapid development of livestreaming supply chains, it should also be noted that the increase in warehousing, transportation, distribution, and other activities of livestreaming supply chains leads to an increase in carbon emissions. For example, the expansion of livestreaming supply chains has driven the rapid growth of China’s express delivery business. In the past 10 years, the volume of express parcels has increased 36 times (Figure 2). Therefore, in addition to studying the impact of livestreaming on consumer behaviour and decision making of livestreaming supply chain members, it is necessary to study the low-carbon governance of livestreaming supply chains. However, there is a lack of research on low-carbon livestreaming supply chain governance using empirical or model methods. Literature examines low-carbon supply chains, which will be reviewed in the next section.
[image: Figure 2]FIGURE 2 | Business volume of express service enterprises in China from 2010 to 2020 (From National Bureau Statistics of China 2021).
2.2 Low-carbon supply chain
Many efforts have been made to investigate the design of government low-carbon policies such as carbon trade, carbon taxes, carbon quotas, and carbon emission allowances (Mayor and Tol, 2007; khanna et al., 2014; Nie et al., 2020; Zhang et al., 2022). With the advancement of a low-carbon economy, research on low-carbon supply chains has drawn considerable attention from scholars (Wu et al., 2022). Several studies have examined carbon trade policies. Laffont and Tirole. (1996) showed that carbon caps and trade policies could effectively reduce carbon emissions. Benjaafar and Elhafsi. (2012), who first introduced carbon emission constraints into the supply chain system, proposed, based on a study on the impact of carbon quota and trading policy on the optimal decision of participants, that enterprises can maximise their profits by increasing the number of orders. Du et al. (2013) proved the uniqueness of obtaining the optimal supply chain strategy by studying the production decisions of enterprises under a carbon quota and carbon trading mechanism. Other studies have focused on carbon quota and the trading mechanism by Hoen et al. (2014), Du et al. (2015), Du et al. (2013), and Xu et al. (2015), indicating that the carbon trading price and the low-carbon preference of consumers have an impact on optimal decision making and supply chain income. By developing a game model between low-carbon and ordinary products, Xia et al. (2020) analysed the impact of carbon trading on low-carbon supply chains under different production modes. China is actively taking responsibility for reducing emissions and is determinated to achieve its two climate goals (carbon peaking by 2030 and carbon neutrality by 2060) (Bai et al., 2020). From 2005 to 2020, China’s carbon emissions were among the highest in the world (Statistical review of world energy, 2021). China, as the largest carbon emitter, accounted for 30.66% of the total global carbon emissions in 2020 (Figure 3). China has legislated tightening low-carbon policies, and a carbon cap-and-trade mechanism, one of the most common carbon reduction policies, has been implemented in Beijing (Kang et al., 2019).
[image: Figure 3]FIGURE 3 | Proportion of carbon emissions of the major countries in the world (Date from BP Statistical Review of World Energy 2021. 70th edition).
Some studies have focused on the carbon tax and government subsidy policy of supply chains. Hao. (2015) examined the impact of carbon tax policies on the output and pricing decisions of competitive manufacturers in low-carbon supply chains against the background of the carbon tax imposed by the government. In addition to the carbon tax and government subsidy policies, carbon quota policies are also the subject of research. For example, Letmatheab and Balakrishnan. (2005) analysed the problems of optimal production and product structure by introducing carbon quota constraints into manufacturers. Recent research has also been extended to optimal procurement decisions in the low-carbon manufacturing industry. For example, Meng et al. (2021) proved that government subsidies reduce the price of green products and effectively promote the sales of green products. Huang et al. (2020) studied the issue of low-carbon government subsidies against the background that the government’s goal was to maximise social welfare. Liu et al. (2021) found that energy consumption and supply chain management have a nonlinear relationship with enterprise performance. Yu et al. (2022) examined pricing decisions and carbon emission reduction efforts for a two-chain system under carbon taxation. They found that the government can impose appropriate carbon taxes to encourage manufacturers to optimize the abatement rate of their products. Prior studies have designed different policies to achieve a low-carbon supply chain, and the impact of different policies on the decision making of supply chain members has also been studied separately. However, in supply chain practices, the government implements more than one low-carbon governance policy. Therefore, there is a lack of research on the optimal low-carbon governance model of supply chains based on multiple policy scenarios in the existing literature, especially on livestreaming supply chains.
In summary, although there is some literature investigating live streaming sales as well as low-carbon supply chains, research on the low-carbon governance of livestreaming supply chains, especially based on multiple scenario approaches, is still insufficient. Research on low-carbon supply chains focuses mainly on optimisation or decision making under a single policy. There are few low-carbon governance studies that compare carbon tax, carbon trading, and a combination of the two, and even fewer studies are based on livestreaming supply chains. Unlike previous literature, this article focuses not only on the rapidly growing livestreaming supply chain system but also on how to achieve optimal low carbon governance of the livestreaming supply chains. This study explores which low-carbon governance is optimal by analysing the three scenarios of carbon tax, carbon trading, and combining carbon tax and carbon trading, from the perspective of collaboration and non-collaboration between manufacturers and livestreaming retailers.
3 MODEL
To investigate the optimal low-carbon governance of a livestreaming supply chain consisting of suppliers and livestreaming retailers, a novel model based on multiple scenarios is proposed. The objective of the model is to optimise the collaborative delivery speed between livestreaming retailers and suppliers to reduce carbon emission costs and total supply chain costs. A livestreaming supply chain is generally composed of the following four parts: manufacturers, livestreaming retailers, logistics services, and consumers (Figure 4). Rapid expansion of logistics and storage in livestreaming supply chains increase carbon emissions. If the speed at which livestreaming retailers purchase from manufacturers does not match the speed at which manufacturers supply to the livestreaming retailers, there will be an increase in carbon emissions caused by the transportation and storage of the product. Therefore, it is necessary to determine the optimal supply speed for reducing the cost of carbon emissions. Supply speed is a function of both the supply chain operating costs and carbon emissions. In the livestreaming supply chain model, the speed of supply is a function of operating costs as well as a function of carbon emissions. The speed of supply can be determined by the minimum operating cost or by the minimum carbon emission. When the supplier collaborates with the livestreaming retailer, an optimal supply speed is generated, which is between the two supply speeds determined above. Therefore, the purpose of this model is to reduce carbon emissions and the total cost of the supply chain by solving the optimal collaborative supply speed.
[image: Figure 4]FIGURE 4 | Livestreaming sale supply chain.
In a livestreaming supply chain, livestreaming retailers procure products from manufacturers and sell them to consumers through livestreaming sale platforms, such as Taobao and TikTok. Logistics provides transportation and distribution services in the procurement and sales processes. Fund settlement along the supply chain is provided by online payment platforms, such as Alipay. In this study, low-carbon governance of the supply chain includes three scenarios: carbon tax, carbon trading, and a combination of carbon tax and carbon trading. From the perspective of marketing goals, different sales models pursue the optimisation of cost, efficiency, and experience (Wang B, 2021). Therefore, a low-carbon livestreaming supply chain should achieve optimisation of cost, efficiency, and experience. Under the three scenarios, the total cost of a low-carbon livestreaming supply chain includes operating and environmental costs, of which environmental costs include carbon tax and carbon trading costs. Carbon tax and carbon trading costs depend on carbon emissions. The cost optimisation of the model in this study refers to determining a collaborative supply speed when the supplier collaborates with the livestreaming retailer to minimise the environmental cost or total cost of the supply chain. Efficiency refers to the lowest carbon emissions in the entire livestreaming supply chain, in which everyone should enjoy a green, low-carbon natural environment. Based on the enterprise case values, the environmental and total costs of the livestreaming supply chain under the three scenarios were compared to determine the optimal low-carbon governance model. The definitions of the variables related to the model are listed in Table 1.
TABLE 1 | Definition of parameters and variables.
[image: Table 1]Under the low-carbon governance model, the total cost of livestreaming supply chain includes environmental cost and operating cost, which is expressed as
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Or
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where [image: image] and [image: image] represent the collaborative and non-collaborative operating costs of the livestreaming supply chain, respectively. When the number of times the manufacturer supplies to the livestreaming retailer every year is equal to the number of times the livestreaming retailer purchases, the manufacturer and the livestreaming retailer are in collaborative operation; otherwise, they are not in collaborative operation. Further, the operating cost includes the operating costs of the manufacturer and the operating cost of the livestreaming retailer. The collaborative operating cost of the live streaming supply chain is as follows:
[image: image]
The manufacturer’s operating costs consist of inventory and setup costs. Referring to Glock et al., 2012, the manufacturer’s operating costs are expressed as follows: 
[image: image]
The operating cost of a live streaming retailer includes ordering, inventory, and streamer contract fee costs. To attract consumers, livestreaming retailers usually hire celebrities as streamers and pay contract fees. According to El Saadany and Jaber. (2008), the operating costs of live streaming retailers are expressed as follows: 
[image: image]
Therefore, the more specific operating cost of the live streaming supply chain is:
[image: image]
Because [image: image], [image: image] is a strictly convex function in Q. Let [image: image], we obtain
[image: image]
Substituting Eq. 7 into Eq. 6, we obtain
[image: image]
From Eq. 8, the minimum operating cost of livestreaming supply chain [image: image] can be obtained by optimising the supply speed [image: image]. Eq. 8 is the collaborative operating cost when manufacturers operate in collaboration with livestreaming retailers. If the supply chain is not collaborative, the livestreaming retailer orders according to the Economic Order Quantity (EOQ) method as follows:
[image: image]
The non-collaborative operating cost of a livestreaming supply chain can be obtained based on Eqs. 1, 2 and Eq. 9 (Jaber et al., 2013).
[image: image]
The sum of the carbon tax cost and carbon trading cost is defined as the environmental cost, namely [image: image]. Based on prior literature (Glock, 2011; Yang et al., 2020; Chen et al., 2021) carbon emissions from a supply chain can be described as follows:
[image: image]
It can be seen from Eq. 11 that a minimum carbon emission of the livestreaming supply chain [image: image] can be obtained by optimising supply speed [image: image]. In Eq. 11, a, b, and c are function parameters of carbon emissions, whose units are [image: image], [image: image], and [image: image], respectively.
The carbon tax of the live streaming supply chain is expressed as
[image: image]
Based on the carbon emission reduction cost proposed by Ang et al. (2019), carbon trading cost is expressed as follows:
[image: image]
Therefore, the total cost of the live streaming supply chain under collaborative operation is
[image: image]
By substituting Eq. 8, and Eq. 12 into Eq. 14, we obtain
[image: image]
If only the operating costs of the supply chain are considered, then minimum supply speed is
[image: image]
If only carbon tax is considered, the supply speed with the minimum carbon emissions can be obtained by equating the first derivative of Eq. 11 to zero as follows:
[image: image]
Supply speed considering only the carbon tax or operating cost is not a collaborative supply speed. A collaborative supply speed can achieve optimal low-carbon governance of the livestreaming supply chain, which is the purpose of this research. According to Eqs. 16, 17, there are three possibilities for collaborative supply speed S* that consider both the operating cost and the carbon emission cost: Either equal to [image: image], equal to [image: image], or somewhere in between. Thus, optimal collaborative supply speed S∗ depends on the following two conditions: if [image: image], then [image: image]; if [image: image], then [image: image].
Based on Eq. 8, supply chain operating costs are related to the value of [image: image] and that, when [image: image], [image: image]. Thus, [image: image] is a convex function. [image: image] can be solved according to the [image: image] value that corresponds to the extremes of the supply chain operating cost.
Let [image: image] and obtain [image: image]. Substitute [image: image] Eq. 15 and we obtain the minimum of [image: image] as: [image: image]. Substitute [image: image] into Eq. 15, we get: [image: image].
4 CASE STUDY AND RESULT
According to data from the China Internet Network Information Center, as of June 2021, the number of live streaming users in China had reached 638 million, accounting for 63.1% of the total number of netizens. In 2020, the market size of live streaming e-commerce reached 1.05 trillion yuan, and it is expected to reach 2.3 trillion yuan in 2021. Therefore, the future development of live streaming e-commerce is very promising (China Internet Network Information Center, 2021; Pan 2021). Taobao, TikTok, and Kuaishou are the three largest livestreaming platforms in China, accounting for approximately 90% of the total market size for livestreaming (sohu.com, 2021). Many top streamers, such as Luo Yonghao, Liu Genghong, and New Oriental Education, have professional supply chain teams, including suppliers, logistics, and storage. These professional livestreaming teams achieve considerable gross merchandise volumes and increase carbon emissions by virtue of their professional supply chain operations and the popularity of streamers. Taking the Kuaishou livestreaming platform as an example, in 2020, there were 95 live streams with a gross merchandise volume of more than RMB 100 million (Table 2), the cumulative merchandise volume reached RMB 22.113 billion, and the express delivery volume reached 229 million (Pan 2021).
TABLE 2 | Category distribution of Kuaishou livestreaming with gross merchandise volumes over RMB 0.1 billion.
[image: Table 2]According to data from the sales list of live streaming products on the TikTok livestreaming platform, Luo Yonghao, from a professional livestreaming supply chain team, sold these products through 33 livestreams on the TikTok livestreaming platform in 2020, which achieved a gross merchandise volume of RMB 1 billion. Among the sales list, the data on Luo Yonghao’s live streaming sales of beer produced by a beer manufacturer will be analysed as a reference for some parameters of the case study. Among the list, the data on Luo Yonghao’s live streaming sales of beer will be used as a reference for some parameters in this part of the case analysis. Therefore, we used the following parameter values: [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image]. This section examines the results of the total cost of the livestreaming supply chain and environmental cost under the three scenarios from the perspective of supply chain collaboration and non-collaboration based on these parameter values.
4.1 Scenario 1
4.1.1 Governance of carbon tax
Under the governance of the carbon tax, the government levies only a carbon tax on member enterprises of the livestreaming supply chain based on their carbon emissions. According to the mathematical model and the given values, the total cost and environmental cost can be calculated under the coordination of supply speed and without coordination. According to Eqs. 8, 9, Eqs. 12, 13, the Simulink Matlab simulation module was used to obtain the following simulation results: collaborative supply speed [image: image], in which the total environmental cost in the supply chain, namely carbon tax [image: image], and total cost in the supply chain [image: image]. The collaboration coefficient is [image: image], and the manufacturer and livestreaming retailer are collaborative.
Supply speed of minimum carbon emissions [image: image], in which the carbon tax [image: image] and the total supply chain cost [image: image]. The collaboration coefficient is [image: image] and the livestreaming retailer is not collaborative.
Under the governance of carbon tax, supply speed [image: image], operational costs [image: image], carbon tax [image: image] costs and total costs [image: image] are shown in Table 3.
TABLE 3 | Data results under the governance of carbon tax.
[image: Table 3]4.2 Scenario 2
4.2.1 Governance of carbon trading
Carbon trading uses carbon emission right as the underlying asset. Based on the cap-and-trade principle, the government first grants companies a certain amount of carbon emission quota. If the amount exceeds this quota, companies must purchase the carbon quota in a shortage (Wang and Xu, 2018). Under carbon-trading governance, enterprises only need to bear the environmental cost of purchasing a carbon quota in a shortage. Under carbon trading governance, there is no carbon tax. According to Eq. 8, Eq. 10, Eq. 12, and Eq. 13, the Simulink simulation module of Matlab was used to obtain the following simulation results:
Collaborative supply speed [image: image], where the carbon tax [image: image], and total cost in the supply chain [image: image]. The collaboration coefficient is [image: image], and the manufacturer and the livestreaming retailer are collaborative.
Supply speed of minimum carbon emission [image: image], in which carbon tax cost [image: image] and total supply chain cost [image: image]. The collaboration coefficient is [image: image] and the livestreaming retailer is not collaborative.
Under the carbon-trading governance, supply speed [image: image], operational costs [image: image], carbon tax cost [image: image], and total cost [image: image] are shown in Table 4.
TABLE 4 | Data results under the carbon-trading governance.
[image: Table 4]4.3 Scenario 3
4.3.1 Combined governance of carbon tax and carbon trading
Under this governance model, the member enterprises of the livestreaming supply chain will not only be subject to carbon taxes, but also face carbon trading costs for carbon quotas in shortage. Under this combined governance model, the impact of the collaborative operation between the manufacturer and the livestreaming retailer on the cost of carbon emissions will be different from the separate governance model mentioned above. According to Eq. 8, Eq. 9, Eq. 10 Eq. 12, and Eq. 13, and the Simulink simulation module of Matlab was used to obtain the following simulation results:
Collaborative supply speed [image: image], where carbon tax [image: image], carbon trading cost [image: image]; total environmental cost [image: image]; and the total cost in supply chain [image: image]. The collaboration coefficient of the manufacturer and livestreaming retailer is [image: image], and the manufacturer and livestreaming retailer are collaborative.
Supply speed of minimum carbon emission [image: image], in which, carbon trading cost [image: image]; Carbon tax [image: image]; total environmental cost [image: image]; and total supply chain cost [image: image]. The collaboration coefficient is [image: image], and the manufacturer and the livestreaming retailer are not collaborative.
Under the governance of combining carbon tax and carbon trading, supply speed [image: image], operational costs [image: image], carbon tax cost [image: image], carbon trading cost [image: image], and total cost [image: image] are shown in Table 5.
TABLE 5 | Data results under the combined governance of carbon tax and carbon trading.
[image: Table 5]5 SENSITIVITY ANALYSIS OF THE LOW-CARBON GOVERNANCE MODEL
In this section, we examine how the operating cost and total cost of the livestreaming supply chain change with the collaborative coefficient, supply speed, and order quantity in different scenarios. The scenario with the lowest total cost should be selected as the optimal low-carbon governance model for the livestreaming supply chain. We still used the following initial values: [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image], [image: image]. To ensure the continuity of the total cost line in the figure, Eq. 6 is adopted for the operation cost in this part of the sensitivity analysis.
First, to examine the impact of collaborative coefficient [image: image] on the operating cost of the livestreaming supply, Q was fixed at 1,400 and [image: image] was increased from 0 to 100 in 10 increments. Figure 5 illustrates the operating cost improvement at different supply speeds. The curve with triangles represents the change in the operating cost with the change in the collaborative coefficient when S = 2,950. The curve with circles illustrates the change in the operating cost with the change in the collaborative coefficient when S = 2,650. The third curve represents the change caused by the collaborative coefficient when S = 2,250. Figure 5 shows that, as the supply speed increased, the operating costs decreased. In addition, when the supply speed remained constant, the operating cost first decreased and then increased as the collaborative coefficient increased.
[image: Figure 5]FIGURE 5 | Operating costs with different supply speed changes with changing collaborative coefficients.
Next, to examine the impact of the ordering quantity of livestreaming retailer [image: image] on the operating cost of the livestreaming supply, [image: image] was increased from 0 to 1,000 in 100 increments. Figure 6 illustrates the improvement in operating costs at different supply speeds. As shown in Figure 5, delivery speeds of 2,250, 2,650, and 2,950 were selected in Figure 6. The operating cost is a convex function in [image: image] because of the positive second-order derivative, as illustrated in Figure 6. As shown in Figure 6, when the supply speed was fixed at a certain value, the operating cost first decreased and then increased as the order quantity [image: image] increased. Therefore, the lowest operating costs of the livestreaming supply chain can be achieved by optimising the supply speed of the manufacturer.
[image: Figure 6]FIGURE 6 | Operating costs with different supply speed changes as order quantity changes.
Third, different from the second case, the impact of the supply speed of manufacturer on the operating costs under different ordering quantities of livestreaming retailer was examined; [image: image] was increased from 1,000 to 3,000 in 200 increments. In the numerical examples, [image: image], and order quantities of 1,500, 2000, and 2,500 were selected. [image: image] varied from 1,000 to 3,000. Figure 7 shows that operating costs increased as supply speed [image: image] increased. More importantly, Figure 7 shows that there is a critical point. When S is less than the critical point, the smaller the order quantity under the same supply speed, the greater the operating cost; however, when S is greater than the critical point, the smaller the order quantity, the lower the operating cost.
[image: Figure 7]FIGURE 7 | Operating costs with different order quantities change with changing supply speed.
6 DISCUSSION AND POLICY IMPLICATIONS
By comparing the simulation data results under the three scenarios, the impact of cooperative or non-cooperative operations between the manufacturer and live-streaming retailer on carbon emissions and carbon emission costs can be obtained.
As shown in Table 3, [image: image]. Neither collaborative supply speed [image: image] nor supply speed with minimum carbon emissions [image: image] can lead to a minimal total cost of the supply chain. It can be seen from Table 4 that [image: image]; therefore, the collaborative supply speed does not necessarily lead to a minimal total cost of the supply chain. Governance of the supply chain considering only the carbon tax without carbon trading will prompt manufacturers to choose supply speeds in the range [2,520, 3,000] to minimise carbon emissions. As indicated in Table 5, [image: image]. A collaborative supply speed can not only reduce the total cost of the supply chain but also reduce the environmental cost. Therefore, a governance model combining carbon trading and carbon tax is optimal for a low-carbon livestreaming supply chain.
Based on the above simulation results, Table 6 lists the data of the three governances with collaboration and non-collaboration operations for comprehensive analysis, where Co., Non-Co, and ROC represent collaboration, non-collaboration, and the rate of change, respectively.
TABLE 6 | Data comparison of the three governances.
[image: Table 6]Table 6 shows that under the scenario of carbon tax, where [image: image], the total cost of the livestreaming supply chain with collaborative operation was 4.91% lower than that with non-collaborative operation, while environmental costs increased by 3.97%. Under the scenario of carbon trading, where [image: image], the total cost of the livestreaming supply chain with collaborative operation was 3.68% higher than that with non-collaborative operation, although the environmental cost did not change. Under the scenario of combining carbon tax and carbon trading, where [image: image], the total cost of the livestreaming supply chain with collaborative operation was 3.23% lower than that with a non-collaborative operation, and the environmental costs were reduced by 9.70%.
Therefore, according to the analysis results of the low-carbon governance mathematical model of the livestreaming supply chain in the three scenarios, the following implications can be drawn. The governance model combining carbon tax and carbon trading is the optimal governance model, as it can not only reduce the environmental cost, but also the total cost. If China wants to develop a livestreaming supply chain with a low-carbon goal, the combined governance model of carbon tax and carbon trading will minimise the environmental cost of the supply chain and have the most effective carbon emission reduction. This provides useful insight for policy-makers.
At the end of the discussion, it is necessary to compare the main findings of this study with existing research. First, the main findings of this study are related to low-carbon governance optimisation of entire live streaming supply chain, which is different from the existing literature on the decision making of members of livestreaming supply chains. Second, the existing literature has found that the growth of livestreaming supply chains leads to an increase in carbon emissions, and the main findings of this study are conducive to solving this problem. Third, the supply speed of the manufacturer affects the environmental and operating costs of the livestreaming supply chain, which is not included in existing research. Fourth, existing studies have designed a variety of low-carbon governance policies, which have been studied separately for their impact on emissions reduction or on the operational decisions of supply chain members. The main findings of the study consider multi-scenarios governance, which can provide better answers to problems in real livestreaming supply chains.
7 CONCLUSION
We established a total cost model for livestreaming supply chains by considering carbon emission cost, so as to reduce the carbon emissions (environmental cost) and total cost of supply chains by determining the collaborative supply speed between manufacturers and livestreaming retailers. The advantages of this model are as follows. First, it is feasible to reduce carbon emissions during the transportation process by coordinating the supply speed of the manufacturer with the procurement speed of the livestreaming retailer. Second, the model can be applied to scenarios of carbon tax and carbon trading, which are real scenarios encountered during the implementation of many national policies.
We drew some new and interesting conclusions. If the carbon tax governance model is implemented, although the collaborative operation will lead to a reduction in the total cost of the livestreaming supply chain, it will lead to an increase in the environmental cost. If the carbon trading governance model is implemented, the collaborative operation will lead to an increase in the total cost of the livestreaming supply chain, while the environmental cost will remain unchanged. However, if a governance model combining carbon tax and carbon trading is implemented, collaborative operations can reduce both the total cost and environmental cost of the livestreaming supply chain. Therefore, the governance mode combining carbon tax and carbon trading is the optimal governance mode for livestreaming supply chains, as it can achieve the goal of carbon emissions reduction. The findings provide a useful reference for policy-makers in formulating low-carbon supply chain governance.
Streamer reputation can greatly stimulate potential market demand, resulting in a sudden increase in orders, which will impact the speed of supply and environmental costs. In addition, the reasons for the lack of change in environmental costs under carbon trading governance require further analysis. These issues will be the focus of future studies.
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