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Energy transition, especially in the power industry, will lead to a significant promotion in energy sustainable development. Lots of emphases have been focused on the impact of policy on the energy transition; however, there were little studies on the role of the market. This paper will be devoted to the theoretical basis of market design comprehensively and discusses the obstacles restricting China’s energy transition by using an Institution-Economics-Technology-Behavior (IETB) analysis framework (four dimensions including Institution, Economics, Technology, and Behavior). In addition, the paper provides an overview of research findings on some available market designs related to the energy transition. Of note, power spot market, power capacity market, power futures market, carbon emission market, and Tradable Green Certificate (TGC) market are highlighted and discussed with emphasis. And the effects of implementing each market on overcoming those obstacles in the energy transition process are analyzed. The review results show that the market design is as important as the policy-making; hence, it is unwise for energy transition to focus on policies and ignore markets, and the market design should be pertinent and objective. Finally, some policy recommendations and market design suggestions are put forward.
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INTRODUCTION
Many industrialized countries are pursuing energy transition, but their focuses are different, which has led to differences in the approaches they take. For example, the United States promotes its energy transition by making some preferential policies on the development of fossil energy (shale gas resources) and renewable energy, and the European countries are more inclined to implement a series of policies, plans, and schemes to develop a renewable economy, while Japan demonstrates a commitment to clean energy, such as the nuclear power and the offshore wind power, by improving the policy framework. Since the beginning of the 1990s, the major industrialized countries in the world have successively carried out a series of Electricity Market Reform or Power Market Liberalization Reform effectively in response to the obstacles to developing the energy and power sector (Grubb and Newbery, 2018; Letova et al., 2018). Since 2002, China has implemented two rounds of power system optimization and adjustment which are defined as China’s Power System Reformation (Yang, 2015). Especially in the second round of China’s Power System Reform, one of the priorities is to build a competitive market environment (Wang, 2019). While exploring ways to allocate power resources efficiently, China has ushered in another profound change—energy transition—a gradual and long-term process (Li and Wang, 2019). Currently, China is still in the low efficient and poor benefit Coal Age (Zhang and Jiao, 2018). Because of the difference with most other countries in the resource endowments, the economic-social development, and the goals of energy transition, China needs to achieve a leapfrog development from the Coal Era to the Renewables Era directly without experiencing the Oil Era (Li and Wang, 2019). Especially under the dual pressure of energy security and environmental protection, how to promote the sustainable energy transition has become a hot issue for China and even all the countries around the world (Sun, 2017; Yang et al., 2020). Meanwhile, the energy development mode with “sustainable transition” as the core has attracted the attention of governments, enterprises, and scholars of various countries (Shi and Wang, 2015; Staden, 2017; Safari et al., 2019). As the energy strategic thinking of “Four Revolutions” (Energy Consumption Revolution, Energy Supply Revolution, Energy Technology Revolution, and Energy System Revolution) has been improved since 2014, the Chinese government attaches great importance to the task of energy transition. In 2015, China put forward the five development concepts of “Innovation, Coordination, Green, Openness, and Sharing” which pointed out the direction for solving the worldwide problems of energy resources shortage and environmental constraints. From the perspective of institutional change, both market design and energy transition have become two parallel systems that China’s power sector must adapt to at this stage. These two systems have brought both opportunities and challenges for the development of China’s power industry from different levels.
In order to demonstrate the above problems, we first use the Institution-Economics-Technology-Behavior (IETB) analysis framework to study the obstacles to China’s energy transition from the aspects of Institution, Economics, Technology, and Behavior (Liu and Wang, 2019; Zhang and Andrews-Speed, 2020). We also analyze the five market mechanisms including the power spot market, the power capacity market, the power futures market, the carbon emission market, and the Tradable Green Certificate (TGC) market and then consider the effects of implementing those five markets focusing on whether the five markets mentioned in this article can solve the obstacles encountered in China’s energy transition process. At the same time, we hope that this research can provide some practical methods and approaches for the sustainable development of power industry.
LITERATURE REVIEW
Worldwide, there are many mechanisms for promoting the energy transition (especially for advancing clean energy development). Some of the experienced countries pin their hopes on the electric power market design since the issue of clean energy consumption has already been fully considered in the design process of power markets (Shi et al., 2017). However, most of the current research on the driving factors of energy transition just focuses on the supporting policies (Matthew and Jennie, 2017; Shi, 2017; Munro and Cairney, 2020). For example, in terms of investment and financing policies, Fan and Hao (2020) studied the relationship between investment and renewable energy consumption by the Vector Error-Correction Model, believing that targeted direct investment will make a significant boost on renewable energy and accelerate China’s energy transition process (Fan and Hao, 2020). Will and Strachan (2012) focused on the relationship between energy investments and energy service demands by adopting the Two-stage Stochastic Energy System Model, pointing out that large energy investments will be required in the United Kingdom to meet the needs for new energy in the future development process (Will and Strachan, 2012). Based on the subsidy, by considering the 92 renewable energy listed enterprises of China between 2007 and 2016 as samples, Yang et al. (2019) used the Panel Threshold Effect Model to explore the effects and differences regarding both government subsidy types and enterprise sizes, proving that government subsidies are the main force supporting China’s energy transition (Yang et al., 2019). Monasterolo and Raberto (2019) also had a discussion on the negative socioeconomic and environmental externalities associated with fossil fuel subsidies, finding that renewable subsidies contribute to foster the low-carbon transition (Monasterolo and Raberto, 2019). With respect to the tax policy, Lin and Jia (2019) used the dynamic recursive Computable General Equilibrium model to analyze the impact of the energy tax on the energy-economy-environment (3E) system, showing that taxes on energy production sectors may be an effective way to reduce CO2 emissions, and promote clean energy development (Lin and Jia, 2019). Wang et al. (2019) used a Differential Game Model to conduct a research on the possibility of the carbon tax affecting the strategy and performance of low-carbon technology sharing among enterprises, believing that carbon tax policy is the key to China’s emission reduction and energy transition (Wang et al., 2019a). In addition, some scholars discussed the impact of price support policies on energy transition as well. For example, Wei and Dong (2016) summarized the historical experience of energy transition in the past three decades, finding that the price of energy services played a crucial role in creating the incentives to stimulate energy transition (Wei and Dong, 2016). Li et al. (2018) exemplified China’s eight economic zones, quantified the impact of energy prices on carbon emissions, and proved that energy prices can suppress carbon emissions through some relevant factors which include economic development, industrial structure, energy efficiency, energy investment, and energy consumption (Li et al., 2018).
To make the research objective clear, we must consider the following four points: 1) “Energy Transition” is aimed at solving the energy security and environmental protection issue to promote high-quality economic and social development (Jin, 2016). 2) “Energy Transition” is supposed to promote a steady increase in the shares of new energy production and consumption in the total energy output and the total consumption (Xie et al., 2017). 3) “Energy Transition” should rationally enhance the cost advantage or the competitive advantage of renewable energy (Sun, 2018). 4) While the process exhibits the attributes of permanency, systematicness, and complexity (Solano-Rodríguez et al., 2018), “Energy Transition” should also make a difference to a synergistic, orderly, and high-quality development of energy sector (Baležentis and Štreimikienė, 2019). In addition, even if we can effectively intervene in the transition through policies, China still faces problems, such as high power consumption, large infrastructure investment, unreasonable energy structure, and high reform costs (Shi et al., 2017), which directly lead to the difficulty of accelerating the pace in the short term. Therefore, a market-oriented optimization for adjusting energy structure, reducing inefficient supplies, and expanding effective demands will become the consensus. At the same time, from the long-term perspective of China’s institutional changes and social development, both the market design and the related institutional arrangements have become an important tool to promote the power transition and advance the synergistic, orderly, and high-quality development.
The remainder of this paper is organized as follows: Section 3 presents the development status of China’s power market and some current obstacles to China’s energy transition. The emphasis is laid in Section 4 which discusses the five market mechanisms and their implementation effects to reflect the importance of market design on promoting the energy transition. At last, Section 5 displays the conclusions and policy recommendations.
Current Situation
Development Status
The most active transaction mode in China has gradually shifted from the medium- and long-term contract transactions to the power spot (day-ahead) market transactions already. The transaction volume via China’s power market (including power generation trading volume) totaled 2.1 trillion kWh with a 29% year-on-year growth in 2018 and reached 2.8 trillion kWh in 2019. Figure 1 shows the transaction volume in China’s power market from 2016 to 2019.
[image: Figure 1]FIGURE 1 | 2016–2019 power market traded electricity and its share in the nation’s power consumption (unit: trillion kWh, %).
Power spot market: At the beginning of the Reform, the Chinese government tentatively selected eight provinces as the power spot market pilots which have been put into operation in June 2019. Among all the pilots, Guangdong Province has made the fastest progress, releasing its spot market design scheme in August 2018. China’s cross-regional spot markets for renewable energy have started to operate since 2017, but the transaction scale of renewable energy is relatively small. In 2017, the spot market for renewable energy achieved 6.0 billion kWh of renewable power transaction (the electricity consumption of the whole society in 2017 was 6.3 trillion kWh). In particular, Gansu Province is the largest trader with electricity sales of 2.4 billion kWh in the first half of 2018.
Electricity capacity market: There are some countries, such as the United States, the United Kingdom, and France, which have launched the electricity capacity market transactions. At present, China is also actively building the power capacity market, starting from the basic national conditions of China’s market construction (Chen et al., 2020). Therefore, China is trying to learn the successful experience from those industrialized countries and construct the capacity market as soon as possible. This is not only a solution to the reduction in the reform costs but also a requirement to ensure the long-term safe supply of electricity in the future (Chen, 2018 ).
Power futures market: At present, the development of China’s power futures market is still in the preliminary stage. The common view in politics, academia, and business is that China’s power futures market will be helpful to reduce the risk of energy transition. Currently, the focus on China’s power futures market is mainly about the operation principle, unfortunately without enough research or practice on the power market futures trading mechanism, rules, or risk management (Du et al., 2018).
Carbon emissions market: In 2012, the Chinese department of National Development and Reform Commission (NDRC) decided to launch carbon emissions trading (ET) pilots across the country, and identified Beijing City, Tianjin City, Shanghai City, Chongqing City, Guangdong Province, Hubei Province, and Shenzhen City as the seven carbon ET pilots. In 2013, Shenzhen took the lead in launching actual transactions. Subsequently, other pilot provinces and cities also started the operation as well. As of the end of October 2019, the trading volume of carbon emission allowances in the pilots reached 347 million tons of carbon dioxide equivalent, with a transaction volume of approximately $1,077 million1. On December 19, 2017, the NDRC issued the “National Carbon Emissions Trading Market Construction Plan (Power Generation Industry)” which officially launched the construction process of the carbon ET market.
TGC market: As early as around 2012, China began to conceive of this market as well as the Renewable Portfolio Standard. In 2017, China established a voluntary subscription market for Green Certificates, but there was no renewable energy quota system supporting the voluntary subscription market. As of February 2020, China has issued a total of 27,161,607 green certificates. In particular, wind power projects issued a total of 23,315,779 wind power green certificates, and photovoltaic projects issued a total of 3,845,828 photovoltaic green certificates.
Barriers to Transition
Liu et al. (2019) built an IETB analysis framework (Figure 2) for discussing the energy transition issue (Liu et al., 2019). The institutional is the driving core for energy transition, which is mainly reflected in investment policies, development planning, and other strategies. In addition, the institutional guarantee also constitutes an important link connecting the technical support, the economic principle, and the behavioral coordination. The technical support and the economic principle form the driving foundation of energy transition, and both of them have a significant interaction relationship. The behavioral coordination, as the driving method of energy transition, not only can reflect the effect of the technical support, the economic principle, and the institutional guarantee but also can feedback the driving dimension of three of them.
[image: Figure 2]FIGURE 2 | IETB conceptual analysis framework.
Institutional Barrier

1) Supervision of industry is not sufficient (Ding, 2020). The “Renewable Energy Law of the People’s Republic of China” (2006) stipulates the rights and obligations of the related government departments and the enterprises concerned (power grid enterprises, gas and heat pipe network enterprises, and oil sales enterprises). However, due to the ineffective supervision of the main responsibilities (Ding, 2020), it is difficult to impose fines on those irresponsible enterprises in the specific implementation. Since the implementation of this Law, no administrative penalty has been given to either the enterprises or the relevant departments for violation of the Law.
2) The enduring-effect system is not perfect (Li and Cai, 2016). At this stage, in the renewables’ development, some renewables enterprises have always been pursuing high returns on investment blindly owing to the lag in electricity price adjustment and the deficiency in market function, which makes the irrational investment issues become increasingly prominent (Ding, 2020). Some localities have not effectively controlled the scale of renewable energy development in accordance with national plans, which leads to lots of difficulties for some renewable energy enterprises to operate without government subsidies.
3) The ability to plan as a whole is poor (Cao and Zhou, 2017). Without constraints on renewables development goals or overall plans, some localities have been misled by not strictly following the national target for the development and utilization of renewables. Some development goals of local plans exceed the development goal of the superior plan. And even the construction scale, the industrial layout, and the development speed are also inconsistent with the superior planning (Ding, 2020). For example, the national “13th Five-Year Plan (2016–2020)” determined that the wind power development target in the Xinjiang Uygur Autonomous Region should be 18 million kilowatts, while the local “Xinjiang’s Renewable Energy 13th Five-Year Plan” (2016–2020) determined that wind power development target should be 36.5 million kilowatts.
4) The interprovincial transactions are not smooth (Wu et al., 2019). The barriers are mainly formed by institution, system, and the like. The interprovincial barriers to power trading not only hinder the cross-regional flow of power resources but also lead to the bad phenomenon of local segregation and market blockade (Zhou, 2019). In 2017, the share of new energy curtailment caused by the interprovincial barriers accounted for more than 40% of the total curtailment. Specifically in 2018, the total electricity quantity traded in the national power market was about 2.1 trillion kWh. The electricity quantity traded in the provincial market was 1,688.5 billion kWh, while the quantity traded in the interprovincial (including the cross-regional) market was 347.1 billion kWh (accounting for 16.8% of the total quantity traded in the national market). Hence, there is still a large room for interprovincial electricity transactions. The interprovincial barriers have resulted in the division of power markets in various provinces, which is greatly restricting the unified development.
Economic Barrier

1) The government finance is overburdened (Cao and Zhou, 2017). The rapid increase in installed capacity of wind power and photovoltaic power has caused a huge gap in the renewable energy development fund. China’s renewable energy subsidy gap has exceeded $9.815 billion in 2016, $14.022 billion in 2017, and $16.827 billion in 2018 and has further expanded in 2019. During 2016–2020, more than 90 percent of the subsidies for new renewables projects have not yet been implemented. Without the timely support of government transfer payment, the financial difficulties have plagued the survival and development of renewables enterprises, which makes the energy transition suffer badly.
2) The investment in power supply is insufficient (Zhang and Tang, 2016). There always are power shortages or power surpluses during the evolution of China’s power system. Policymakers, businessmen, and experts always have certain concerns; that is, if the market system changes from fair dispatch to economic dispatch rapidly, the existing coal-fired power plants in the system will bear great pressure. Meanwhile, such a change may also lead to insufficient power investment in the future, and thus a systemic power shortage will occur again. China’s power investment would be $743.182 billion during the “12th Five-Year Plan period” (2011–2015) and $813.229 billion during the “13th Five-Year Plan period” (2016–2020), which means that the “13th Five-Year Plan” investment increased just by 9.4% compared with the “12th Five-Year Plan” one. How to maintain sufficient investment in the power system with a high share of renewables is an important task to ensure the sustainability of China’s energy transition.
3) The private capital is active without rational reasons (Lin, 2016). Since 2009, the Chinese government has continuously launched a series of support policies for new energy, which fully reflects the government’s ambition to develop the new energy industry. However, these policies have also led to the rapid growth of private investment in the new energy sector, which has caused a disorderly development of new energy to a certain extent. For example, the great majority of investment projects are directly in the wind power plants and the solar power plants, while the minority of investment projects is in the biomass power and others. Enthusiastic private capital, in the absence of rational regulation, is easy to cause imbalance in the development and utilization of new energy (Zhao, 2016a).
4) The new mode of economic development could bring new challenges (Ma and Li, 2019). Data from 1991 to 2015 as a sample show that the growth of new energy consumption has a positive relationship with China’s economic growth (Xu, 2017). China’s economic development mode has shifted from the extensive growth of scale and speed to the intensive growth of quality and efficiency. And the economic growth rate has rationally slowed down. However, the new energy industry needs huge capital and labor input in the early stage of construction. Therefore, the high costs and low benefits will inevitably become the biggest obstacle restricting the further energy transition of China’s new energy industry (Chen, 2015).
Technical Barrier

1) The ability of power system access and grid connection is still weak (Sun et al., 2017). China’s current electricity pricing mechanism requires that the Grid Corporation should pay a local-benchmark electricity-price-based feed-in tariff to the grid-connected wind power plants and the photovoltaic power ones, and the governments make up the difference between the subsidized renewable electricity price and the coal-fired electricity price. Therefore, the Grid Corporation cannot increase its profitability by absorbing more renewables. On the contrary, receiving volatile renewable energy connecting the grid may affect the stability and safety of grid operation. Wind power and photovoltaic power generation have strong volatility and unpredictability. Hence, the wind/photovoltaic power generation technology conflicts with the current China’s power system under strong constraints on power demand and transmission lines (Yin et al., 2015).
2) Power grid construction lags behind the renewable energy development (Li, 2019). The unsynchronized construction progress leads to the insufficient scale of transmission channels. Meanwhile, the capacity of some transmission channels has not reached the desired level, which hinders the output of renewable energy power (Guo et al., 2020). For example, at the end of 2018, the installed capacity of new energy in China’s Three North Regions (Northeast China, North China, Northwest China) reached 230 million kilowatts. However, due to the limited local market, it was difficult to fully accommodate so much new energy power generation in the short term. Even though the load could be transmitted across regions, the transmission capacity was only 42 million kilowatts which accounted for only 18% of the total new energy installed capacity. And what was worse, the ratio of flexible power supply in power grid is unreasonably low, while the planning and construction of storage power stations is lagging, which affects not only the stability of power grid but also the accommodation of renewable energy (Ding, 2020).
3) The issue of new energy generation curtailment is outstanding in a bad way (Li and Wang, 2019). According to the data from the China Statistics Bureau (2019), on the power supply side, China’s average wind curtailment rate reached 8.7% in 2018, solar curtailment rate 3.6%, and hydro curtailment rate 5.2%. In particular, the wind and the solar curtailment have become worst in Xinjiang Uygur Autonomous Region and Gansu Province. Yunnan and Sichuan provinces have the most serious water curtailment (with the rates reaching 37.6 and 20.2%, respectively). The nationwide renewable curtailment not only caused a huge waste of energy resources but also increased the cost of new energy power generation. It objectively impeded the progress of energy transition.
Behavioral Barrier

1) The contradiction between the central government and local governments has gradually emerged (Zhou, 2019). China’s thermal power projects are mature in technology and efficient in economy; hence, lots of provinces are vigorously promoting the construction of thermal power projects, which makes the current coal-fired power generation capacity severely surplus. At the same time, these projects cannot be replaced by new energy power generation projects in a short time because the newly-built coal-fired power projects are still in the debt repayment period. Additionally, the unreasonable policy incentives system and the uneven distribution of interests among governments are also the main reasons for the large deviations between the central and local energy systems. Such policy deviations also make the energy transition difficult in terms of national planning, local dispatching, and energy pricing (Cao and Zhou, 2017).
2) The conflict of interests between enterprises and governments is unsettled (Xie et al., 2014). Usually, the local governments will transfer the contradiction to the power enterprises. The sharp rise in coal prices has compressed the profitability of coal-fired power plants, thereby further increasing the contradiction between coal-fired power generation enterprises and renewable energy power generation enterprises (Ni, 2018). Some local power grid firms refused to get the new energy access to the grid just to reduce short-term investment, resulting in the fact that the nonfossil energy power output cannot be used timely and effectively. Due to the information asymmetry, some of the renewable energy power generation could get subsidized without being consumed, which not only wasted national finances but also violated the original intention of subsidy policy.
ANALYSIS AND DISCUSSION
Energy clean transition is a huge systematic project, which requires us to give full play to the role of the market in resource allocation and jointly promote the transformation of energy production and consumption patterns. By constructing a reasonable power market mechanism, it can fully tap the entire grid’s consumption space, encourage traditional thermal power to undergo flexible transformation, release power-side regulation capabilities, change users’ energy consumption habits, promote clean energy consumption, and promote energy-efficient transformation (Niu et al., 2014). This section will focus on analyzing the practical significance of the following five power market trading mechanisms, and discussing how market mechanisms can solve the obstacles in the process of China’s energy transition.
Power Spot Market
The power spot market (Figure 3) in the market design framework is the core module, referring to a resource allocation platform where power suppliers and demanders search the power price and the equilibrium quantity (Gong et al., 2018). The power spot market operation system is mainly composed of the day-ahead market, balance mechanism, market risk control, and system management subsystems. It can provide an auxiliary service market subsystem, which is suitable for areas that develop auxiliary service markets such as frequency modulation and backup. Established on the basis of certain economic transactions, the power spot market design must strictly abide by the principles of mutual benefit and fair competition (Tang and Zhang, 2020). Since this type of power trading venue in the power system can connect the transmission side, distribution side, and power consumption side effectively, the power spot market will be able to guarantee the demand for energy transition in terms of new energy accommodation and energy structure adjustment (Zhou et al., 2019).
1) Breaking down the interprovincial trading barriers and solving the volatility issue of new energy access to grid: The main role of the intraday market in the power spot market system is to provide a trading platform for market participants. After the closure of the day-ahead market, the intraday market can fine-tune the power generation plan. In addition, the intraday market can cope with various intraday forecast deviations and unplanned problems, although the transaction size is often small (Ma et al., 2019). As more intermittent renewable energy sources are connected to power grid, the uncertainty of the renewable power generation capacities within the day will also increase greatly. The existence of the intraday market can provide institutional support for such renewable energy to participate in market competition (Zhou et al., 2019). A market-oriented renewable energy utilization mechanism can be formed by improving the mechanism design of spot market and expanding the scale of renewable energy power transactions (Ge et al., 2019). At the same time, the power spot market plays a decisive role in the allocation of resources. It can not only fully explore the interprovincial accommodation capacity of renewable energy through market competition but also alleviate the more serious problems of renewable curtailment (Zhang et al., 2018). Since the State Grid Corporation officially launched the interregional and interprovincial surplus renewable energy power spot trading pilot (2017), China’s renewable energy spot market has traded six billion kW hours of renewable energy power generation in 2017. And by the end of 2018, the cumulative trading volume exceeded nine billion kWh. Hence, the power spot market can provide a commercial platform for the cross-provincial flow of new energy as well.
2) Adjusting the energy structure: The power spot market is an important module of a complete power market transaction system and also a vital measure of price discovery and resource optimization (Gong, 2018). At the end of 2017, the NDRC announced that the FIT for photovoltaic power trading in the market was $0.091 to $0.119/kWh, and the FIT for wind power trading was $0.056 to $0.08/kWh. In contrast, the FIT of thermal power was generally maintained at $0.042–0.07/kWh. In such a situation, the renewable power plants selling photovoltaic or wind power at higher prices naturally would rather generate more clean electricity after ensuring that their generation can be sold through the spot market. Hence, the power spot market can achieve the purpose of expanding a clean energy market and squeezing the thermal power market, which has already been proven that the power spot market can promote the development of energy structure toward a green and clean direction through the price-driven user interaction (Peng and Tao, 2018).
[image: Figure 3]FIGURE 3 | Operating system diagram of the power spot market.
Power Capacity Market
The power capacity market becomes the assistant module designed to ensure the available power load capacity during the market design. In that case, the power capacity market is an incentive mechanism (Ashokkumar Parmar and Pranav B Darji, 2020) in which a reliable power supply commitment can be offered by load demanders providing stable contract payments to capacity providers to encourage the continued investment in capacity at an affordable price (Figure 4). The structure design of the capacity market includes five stages: capacity quota, qualification and auction, transaction, delivery, and payment. The government conducts market guidance in the capacity quota and delivery stage, and the realization of qualifications, auctions, and transactions is completely subject to market competition. Theoretically, the power capacity market will promote a sustainable energy transition by meeting the needs of power investment incentives and promoting the optimal allocation of incremental power generation resources (Chen et al.,2020 ).
1) Meeting the needs of power investment incentives: It will lead to huge power generation risks if the electric quantity market is used to regulate the shortfall of power generation capacity without the coordination with the capacity market (Li et al., 2019). The advantages of capacity market are characterized by using the investment as a variable and replacing the short-term prices with the long-term equilibrium costs, which can effectively reduce market risks (Lockwood et al., 2019). The capacity market is a mechanism that grants certain subsidies and investment recovery based on the generation capacity of power generation enterprises. Such a market mechanism is able to ensure sufficient investment in power generation capacity, avoid the risk of investment uncertainty caused by the long power construction period, and correspondingly increase the investment enthusiasm of power generation enterprises (Brown, 2018). The United Kingdom’s transmission grid operator, National Grid Great Britain, needs to determine the capacity demand 3 years in advance. In December 2014, the National Grid Great Britain auctioned the 1-year reserve capacity demand starting from October 2018. In this auction, the United Kingdom government obtained 49.26 GW of capacity at a clearance price of $24.39/(kW a)2. Such a mechanism stimulates new investment to build new capacities (Hou et al., 2015). As a lesson learned from the successful experience of the United Kingdom’s capacity market, the power capacity market can provide solutions and ideas for solving the problem of insufficient investment in the energy transition process.
2) Optimizing the incremental resource allocation and solving the power safety problem caused by the connection of volatile new energy to the grid: For a long time, China’s power generation resource allocation has mainly relied on the planned economy mode. Even the “Plant-Grid Separation” scheme was basically realized during 2005–2012, the FIT of power generation enterprises still generally implemented a benchmark electricity pricing mechanism or an approved pricing model. The existence of such a situation not only makes the power generation industry blindly seek investment regardless of its own needs and interests but also objectively leads to a phased excess production capacity of power supply. On the contrary, introducing market competition through the construction of a sound capacity market will help discover the true cost of incremental power generation resources, guide the incremental power generation resources for optimal allocation, and ultimately achieve the goal of saving the overall energy cost of society. In addition, by scientifically and rationally planning the total amount and structure of power capacity demand, the capacity market is also able to guide the transition of power supply to a green and low-carbon direction (Chen, 2018 ). The rapid development of renewable energy sources has put forward higher requirements for the system’s reserve capacity of power supply, so the capacity market is one of the mainstream methods to optimize the allocation of power generation resources and increase the share of volatile new energy in power generation resources (Ashokkumar Parmar and Pranav B Darji, 2020).
[image: Figure 4]FIGURE 4 | Capacity market stage diagram.
Power Futures Market
The power futures transaction is a secondary market expressed as a type of risk management mechanism in which a specific quantity and quality of electricity commodity standard contracts can be delivered (Figure 5). In the trading process of power futures trading, auction trading is often used, which is also the basic trading method in the process of power futures trading. In the process of bidding transactions, a large number of trading members, including both sellers and buyers, are gathered on the trading platform. Then, under the guidance of the rules and regulations of the exchange, bidding transactions are completed separately for various types of power futures. Developed on the basis of electricity forward contract transactions, the power futures contracts are highly standardized during power futures trading (Spodniak and Bertsch, 2020). An advanced power futures market always has comprehensive functions of price discovery, resource allocation optimization, and risk aversion (Matthäus, 2010; Kalantzis and Milonas, 2013), and thus, it will guarantee China’s energy transition in terms of energy structure optimization and market risk control (Zhang and Farnoosh, 2019).
1) Controlling the risks and ensuring the energy security: A mature and perfect power market should include the power futures market which is an effective supplement to the existing wholesale and retail power markets (Wang et al., 2019b). The power futures market can provide a platform for the price fluctuation management and the risk reduction in power market transactions (Nakajima, 2019). Of note, the development of futures trading in the power market will play a positive role in the risk management and control, which can help enterprises avoid risks to a certain extent through hedging and other applications (Du et al., 2018). The power futures market has the market function of price discovery which can guide the power market investment rationally (Nakajima, 2019). In addition, both the electricity producers and the consumers can have a relatively accurate estimate of both the future production costs and the future consumption costs since participants can sign long-term power futures contracts in advance. This trading mechanism reduces the risks of production and consumption to a certain extent and will help improve the safety of the entire power system. For example, Singapore Power Futures has helped competitive electricity users reduce the cost of retail electricity contracts by more than 10% since it began operations in April 2015. At the same time, the construction of power futures market is of great significance to the energy security.
2) Optimizing the energy structure: A single price in the spot market can easily deviate from its actual value, and it cannot achieve the effects of energy conservation, emission reduction, and resource allocation optimization efficiently (Stephanía and Nursimulu, 2019). The power grid system can use the price discovery function of the power futures market to scientifically and reasonably budget and plan the future power spot market (Kallabis et al., 2016). In the context of overall oversupply in the power market, low-efficiency generators can still obtain some of the planned power generation, which prevents those high-efficiency environment-protection generators from obtaining chances with a high power generation when the overall electricity consumption decreases. As a result, the utilization rate of efficient coal-fired generators is reduced. In the power futures market, the high-efficiency generators have the attributes of low coal consumption, low fuel costs, and advantages in the quotations, so they will be given priority in concentrated bidding transactions. The transaction order of low-efficiency generators should be in the back, and their transaction volume is not guaranteed, which make the low-efficiency generators gradually withdraw from the market competition (Ren, 2019). This shows that the power futures market can finally achieve the purpose of saving coal, reducing emissions, and optimizing power structure through market-oriented means.
[image: Figure 5]FIGURE 5 | Trading process in the power futures market.
Carbon Emission Market
The carbon emission market in the market design framework is a kind of auxiliary module in which the carbon emission right accepting the guidance and supervision with specific environmental protection objectives can be exchanged and circulated as valuable assets and scarce commodities (Figure 6). In the carbon emission market, carbon emission regulators set relevant carbon dioxide emission cap standards for thermal power manufacturers. Among thermal power manufacturers, those whose carbon emissions are lower than the upper limit of carbon dioxide emissions prescribed by the regulator are suppliers of carbon emission rights certificates; those whose carbon emissions are higher than the upper limit of carbon dioxide emissions prescribed by the regulators are those who demand carbon emission rights certificates. Suppliers of carbon emission rights certificates sell their surplus carbon emission rights certificates and obtain corresponding benefits at the same time, while carbon emission rights certificate demanders must choose to purchase corresponding carbon emission rights certificates in the carbon emission rights certificate market to meet the requirements of regulators. The essence of carbon ET is to realize the re-distribution of carbon emission responsibilities in a market-oriented way (Lin and Jia, 2020). The carbon emission market is of great significance for advancing the adjustment of energy structure and promoting the accommodation of new energy (Weng and Xu, 2018).
1) Adjusting the energy structure: The establishment of the carbon trading mechanism not only helps to mobilize the enthusiasm of enterprises to produce clean power but also can promote the continuous increase in the share of clean energy power generation (Zhu, 2019). In terms of the carbon emission right, the implementation of carbon emission right trading system can increase the generation costs of traditional energy power generation plants, which in turn will reduce the investment in the traditional energy sector (Feng, 2016). Accordingly, the carbon emission market is conducive to the energy transition by adjusting the power supply structure and reducing carbon emissions. Some evidence suggests that the implementation of carbon trading can significantly promote the structural transformation of high-carbon energy markets and the carbon emission market can also gradually reduce the coal consumption (Yi et al., 2019). With the reduction in low-efficiency coal resource consumption and the widespread use of clean energy, the efficiency of energy use will be further improved, which is more conducive to achieving the goal of energy-saving as well as emission reduction and promoting the energy market reform (Zhang et al., 2020).
2) Promoting the accommodation of new energy: In the carbon trading mechanism, enterprises using traditional fossil energy are required to pay carbon emission taxes which can force high-energy-consuming enterprises to use clean energy to a certain extent. This mandatory carbon emission tax payment mechanism can also control the total regional energy consumption and transform the energy demand into clean energy consumption (Feng, 2016; Lin and Jia, 2020; Zhang et al., 2020). Shanghai Stock Exchange is the largest carbon trading exchange in China. In 2012, the Shanghai Stock Exchange realized a carbon trading volume of more than $981.5 million. In particular, the number of individual accounts opened for voluntary carbon emission reduction projects exceeded 210,000, and the trading volume accounted for about 70% of the national trading market. As of the end of 2018, China’s cumulative carbon ET volume was close to 800 million tons, and its cumulative carbon ET volume exceeded $1.542 billion. The successful implementation of the carbon emission market will help the traditional fossil energy consumers transform their energy needs into clean energy (Wang et al., 2019c).
[image: Figure 6]FIGURE 6 | Operation process of the carbon emissions emission mechanism.
TGC Market
The TGC market is another auxiliary module in which the TGC issued by the government is to realize both the renewable power production and the consumption as planned and expected (Song et al., 2020). Generally, a green certificate trading system is composed of green certificates, issuing agencies, transaction management agencies, management systems, and registration agencies. In the trading system, the regulator first stipulates the relevant quota standards for thermal power manufacturers, and then renewable energy generators put green certificates equivalent to their own electricity production on the green certificate market for sales; in order to meet the quota requirements of the regulatory agencies, thermal power manufacturers can either choose to purchase a corresponding number of green certificates in the green certificate market or choose to pay a certain fine to the government. Through the voluntary subscription transactions of TGC, power enterprises can complete their obligations in the TGC market (Figure 7) based on the Renewable Portfolio Standard (RPS) (Hustveit et al., 2015). Theoretically, the TGC market will help promote China’s energy transition by reducing the government’s financial burden and optimizing resource allocation (Finjord et al., 2018).
1) Reducing the government’s financial burden: Both the implementation of RPS and the establishment of the TGC market are conducive to reducing the regulatory costs and reducing the government’s financial burden (Zhao, 2016b). The introduction of market-based measures can enable the TGCs to be traded freely, which means that the government no longer needs to directly transfer the financial subsidies to support the renewable energy industry (An et al., 2019). The TGC system is a major measure to improve some renewable energy support policies and even construct some renewables development mechanisms (Tang, 2017). The TGC market not only is conducive to promoting the efficient use of clean energy and reducing the direct subsidy intensity of national financial funds but also has a positive significance for consolidating social consensus and promoting energy transition. Some research results showed that the TGC program can not only achieve the goal of renewable electricity but also reduce both the regulatory costs and the financial burden (Ciarreta et al., 2017). As of the end of May 2018, the cumulative number of China’s TGC issued was 22 million, and the cumulative number of subscriptions reached 27,190. Such an achievement directly helped the government retain $0.645 million by saving the renewable energy subsidies.
2) Optimizing the resource allocation and alleviating the contradiction between coal-fired power generation and renewable one: If the government only adopts the RPS system without implementing the TGC transactions to stimulate the development of renewable energy market, this kind of imperfection will lead to a significant increase in the cost of enterprises. In a policy system simply implementing the RPS, all related enterprises and market entities will be assigned consistent quotas but not allowed to trade them. At this time, different power enterprises with different marginal costs will inevitably cause terrible waste, market inefficiency. After the establishment of the TGC market, the external costs of the power industry will be internalized, and the total cost becomes the sum of production costs and external costs (Liu, 2017). Meanwhile, the equilibrium price in the power market can truly reflect the actual value of electricity commodities, which can effectively solve the problem of inefficient resource allocation. The mutual conversion of renewable energy power generation and TGCs will be able to encourage the enthusiasm of those superior renewable energy enterprises and make those disadvantaged renewable energy enterprises complete the quotas at a lower cost (Jiang et al., 2014). In addition, the very small scale of mandatory quotas can easily cause the underutilization of resources. On the contrary, the TGC market can accurately avoid such a problem and ease the contradiction between the coal-fired plants and the renewable ones. The establishment of a TGC market can promote the accommodation of renewables and increase the revenue of power generators significantly (Helgesen and Tomasgard, 2018). According to the real-time statistics of the TGC’s subscription platform, as of May 31, 2019, in China, a total of 2,138 participants had subscribed for a total of 33,140 TGCs, and each TGC representing 1,000 kWh green electric power came from either the onshore wind power project or photovoltaic power plant project.
[image: Figure 7]FIGURE 7 | Operation process of TGC trading mechanism.
CONCLUSION AND POLICY IMPLICATION
This article comprehensively analyzed the theoretical basis of market design for promoting the energy transition and then discussed the goals and the obstacles related to China’s energy transition. Accordingly, the function and role of market design have been discussed on five typical markets. In summary, the conclusions are as follows:
1) The market design is as important as the policy-making; hence, it is unwise for energy transition to focus on policies and ignore markets. The energy transition is characterized by permanency, systematicness, and complexity. The Chinese government has already successively issued a series of policies; however, China’s energy transition still lack the necessary market incentives due to the imbalance in the distribution of energy endowments, the expansion of fiscal subsidy gap, the high cost of new energy technology, and especially the difficulty in implementing the policies. Many scholars and enterprises have proved the role of market design which shows a much more stable and durable effect than the role of policy-making. Of note, the market design for energy transition in electric power industry is not only to promote the vigorous development of new energy (such as the power spot market, the power futures market, and the TGC market) but also to advance the sustainable and clean evolution of traditional energy (such as the power capacity market and the carbon emission market).
2) Market design should be pertinent and objective; hence, there are at least five types of markets that can promote the energy transition of electric power sector. There are four main sources of obstacles to China’s energy transition. In particular, the institutional barriers have always been the principal contradictions, and the economic barriers and the technical barriers are the core troubles, while the behavioral barriers are the important links. The spot market is an effective way to solve the volatility of new energy and realize the economic dispatch of renewables in the meantime and it can fully exploit the interprovincial accommodation space through market competition to alleviate the increasingly serious issue of renewable curtailment. The power capacity market can meet the needs of power investment incentives and promote the optimal allocation of incremental power generation resources. The power futures market is able to optimize the energy structure and control risks. The carbon emission market is an effective way to arrange the energy structure scientifically and promote the accommodation of new energy rationally. The TGC market can reduce the government’s financial burden and optimize the resource allocation.
3) As far as the current situation of China’s energy development is concerned, it is still far from the achievement of China’s energy development goals. China should pay more attention to promoting the energy transition to not only innovate on the basis of the characteristics of its own development but also draw on the advanced experience of other industrialized countries in the field of market design. The share of nonfossil energy in primary energy consumption is a very core indicator in the process of China’s energy transition, and the realization of that indicator mainly depends on the nonfossil energy power generation in the power system. Therefore, to achieve the goal of China’s national energy transition, the power system must be sustainably transformed first.
Based on the conclusions above, we offer the following recommendations:
In the market design, China firstly should explore the establishment of a diversified market structure that includes a competitive power market, a cross-regional and interprovincial power trading market, and an ancillary service market. Secondly, sufficient market choices and space should be provided for the profitability of both the new energy and the conventional power sources. Finally, the design should be to promote the energy transition in electric power industry in light of a high share of new energy access. In the design of specific market rules, the volatility, uncertainty, and marginal cost of new energy power generation should be fully considered. On the one hand, it is possible to mobilize the enthusiasm of various types of power investment, especially of the flexible power supply investment, through a reasonable investment protection mechanism to ensure the long-term, safe, and reliable operation of the power system. On the other hand, the potential of flexible resources can be fully mobilized through the design of rules during the operation phase. The research on the market design is supposed to help the energy transition by providing some management, mechanism, and policy guarantees in building a formal and unified power market trading system.
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