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Abstract: In response to the rising importance of the climate agenda, many countries have restruc-
tured their electricity markets to facilitate the utilization of renewable energy. China is an interesting
case because it has expanded its utilization of wind and solar energy with unmatched speed. This
review starts with an analysis of the 2002 reforms that uncoupled electricity production from trans-
mission. The investigation covers the period leading up to the 2022 proposal, which aimed to build a
nationally integrated electricity market. The analysis suggests that a careful alignment of incentives
for key market players to produce and consume renewable energy is vital during the process of
energy transition. The introduction of feed-in tariffs in 2009 for wind energy, which were subse-
quently extended to solar energy, stimulated a high growth in installed capacity. However, a high
electricity curtailment rate resulted. Since 2018, the Chinese government has resorted to curtailment
caps and renewable portfolio standards to increase the utilization of renewable electricity. After the
announcement of the “dual carbon goals” in 2020, the Chinese government launched a series of
reforms that aimed to nurture growth in the green electricity market and the formation of a nationally
integrated electricity market. The removal of interregional trade barriers is a key element of China’s
current electricity market reforms and will be crucial to determining whether China can achieve its
climate goals.

Keywords: electricity market; renewable energy; solar PV; wind; China; feed-in tariff; renewable
portfolio standard

1. Introduction

Decarbonization of the energy sector is one of the most important means of achieving
climate goals. Facilitating the deployment of renewable energy has become a core element
of electricity market reforms. Some developed countries started to encourage the use
of renewable energy three decades ago. For instance, the US Congress authorized a
production tax credit for certain kinds of renewable electricity in 1992. Likewise, Germany
experimented with an early version of the feed-in tariff (FiT) in 1991 and formalized
the system in its Renewable Energy Sources Act in 2000 [1]. Under the FiT system, the
government guarantees to purchase renewable electricity at fixed tariff rates above the
normal electricity price over a long period of time. These support policies primarily
aimed to raise the returns on renewable electricity production, which involved higher
production costs than coal-fired electricity. More countries moved in this direction in the
early twenty-first century. As well as finding engineering solutions to mitigate the inherent
supply instability of renewable energy, various measures were designed to incentivize
the deployment of renewable energy for electricity generation. New instruments such
as renewable portfolio standards (RPS), curtailment caps, and capacity subsidies were
adopted to accelerate the energy transition [2-5].

Energies 2023, 16, 905. https:/ /doi.org/10.3390/en16020905

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en16020905
https://doi.org/10.3390/en16020905
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-6420-4411
https://doi.org/10.3390/en16020905
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16020905?type=check_update&version=1

Energies 2023, 16, 905

20f16

China was comparatively late to the transition to clean energy, though it is a leader
amongst developing nations. China’s electricity system was still being criticized as un-
suitable for the integration of renewable energy as recently as a decade ago (see, among
others, [6,7]). However, once it started to boost the development of renewable electricity
technology, it moved at a speed unmatched by any other country. In terms of installed ca-
pacity, China accounted for about 39% of the total wind energy and roughly one-third of the
total solar electricity of the entire world in 2020 [8,9]. One reason for China’s progress has
been the unique advantage afforded to it by its technological capabilities. With the support
of industrial policies, Chinese manufacturing capacity devoted to renewable equipment
has expanded dramatically, and technological progress has been fast enough to drive down
production costs. Without a domestic supply of relatively cheap renewable equipment, the
observed outcomes of recent years could not have been achieved.

However, while the expansion of installed capacity has been impressive, China’s
overall energy transition process has not kept pace with capacity increases. There have
been misalignments of incentives at almost every stage of reform over the past two decades.
The inefficiencies incurred by these misalignments could have been avoided had China
formulated a better strategy.

This paper reviews China’s electricity market reforms of the past two decades, with a
focus on measures relevant to the utilization of renewable energy. China’s first attempt to
establish a modern electricity market can be traced back to the 2002 reforms, under which
electricity transmission was unbundled from independent electricity producers. Although
market fragmentation has remained, the new system allows for the connection of new
electricity generators to the grid, and thus facilitates the entry of renewable electricity
producers to the transmission network. The Chinese government started to take serious
steps to reduce pollution in the mid-2000s and launched many measures to incentivize
local governments to improve the environment [10-12]. Recognizing the environmental
impacts of the energy sector, the Renewable Energy Law was enacted in 2006. This law
provided a rudimentary policy framework to encourage the use of renewable energy.

The pace of climate action in China increased in the late 2000s, especially after the
signing of the Copenhagen Accord in 2009, the first international agreement on climate
change that involved developing countries [13,14]. Reinforcement and clarification were
provided by the revised version of the Renewable Energy Law that was approved in 2009
and enacted in 2010. China introduced FiT for wind energy in 2009 and for solar energy in
2011. Despite subsequent revisions to the FiT policies and the expansion of installed capac-
ity, deployment of renewable energy failed to rise correspondingly. Without an RPS policy,
increased installed capacity was accompanied by a high curtailment rate. The problem was
further complicated by the geographic diversity and regionally unbalanced development
of China; the western region has rich renewable energy resources but experiences slow
economic growth [15-17]. With the absence of an integrated national electricity market, the
renewable electricity generated in the western region cannot be efficiently utilized in other
regions. China made further efforts to nurture the growth in the green electricity market
and the formation of a nationally integrated electricity market with the announcement of
the dual carbon goals (peak carbon emissions in 2030 and carbon neutrality in 2060) in
2020 [18]. The outcomes have yet to be fulfilled.

China’s reforms suggest that careful alignment of incentives is vital if relevant market
players are to produce and consume renewable energy. Although there have been many
general reviews of China’s electricity market reforms [19-21], to the best of our knowledge,
there is no comprehensive or up-to-date examination of Chinese reforms surrounding
the transition to clean energy. This paper attempts to fill this void. Section 2 investigates
China’s 2002 reforms and its approach to developing renewable energy by examining
the two versions of the Renewable Energy Law. Section 3 analyzes how the Chinese
government attempted to rescue its renewable equipment manufacturers with FiT policies
in response to the protective trade measures of developed countries. The new policies
triggered a huge expansion in installed capacity in China after 2013. The subsequent
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inefficiencies in the market for renewable electricity were largely due to the lack of a
nationally integrated electricity market. As will be explained in Section 4, further reforms
started in 2015, but remain incomplete. In Section 5, China’s belated adoption of RPS and
its renewed efforts to develop a green electricity market with the announcement of the
dual carbon goals are examined. In the Section 6, we draw lessons from China’s reform
experience that may be useful to other countries.

2. The 2002 Electricity Market Reforms and the Renewable Energy Law

China’s economic reforms of the 1980s unleashed a period of high economic growth
that resulted in serious electricity shortages [22]. Over the next two decades, the Chinese
government encouraged local authorities to invest in power generation. Foreign investors
were also granted access to the domestic electricity market. Nevertheless, by the end of
the century, the electricity sector was dominated by the State Power Corporation, which
controlled 46% of the country’s installed capacity and 90% of the transmission assets [23].
Regarding the production of renewable electricity, the Chinese government experimented
with the connection of wind power to the grids as early as 1994. However, the scale at
the time was very small [24]. The 2002 reforms marked China’s first attempt to build a
modern electricity market, with electricity production unbundled from the transmission
infrastructure. Under the new system, the market consisted of two grid operators, namely
the State Grid Corporation of China and China Southern Power Grid Company. There were
initially five electricity producers and four providers of auxiliary services. The new system
allowed independent power generators to sell electricity to grid operators [25]. This made
space for the subsequent reforms that facilitated the direct sale of renewable electricity to
the transmission grid [26].

The enactment of the Renewable Energy Law (REL) in 2006 signified China’s com-
mitment to a transition towards the use of clean energy [27]. The REL laid down the
general strategy for promotion of renewable energy and specified the responsibilities of
various levels of administrative departments in the planning and implementation of rel-
evant strategies. According to this version of the REL, fiscal resources and low-interest
loans were to be dedicated to the development of renewable energy and the production of
renewable equipment. General principles for the pricing of on-grid renewable energy were
also formulated. The idea was similar to the feed-in tariffs (FiTs) adopted by many other
countries. Specifically, the REL stated that the procuring price of electricity generated by
renewable sources should be determined by the responsible department of the State Coun-
cil. The additional costs of such a procurement over the normal electricity price would be
borne by surcharges levied on electricity users. The measures mandated that government
support should be given to a wide range of activities and projects, including research and
development, renewable energy projects for rural consumption, independent electricity
generation systems in remote areas and islands, information systems for surveying and
assessing the availability of renewable energy resources, and the domestic production of
renewable energy equipment (for the full text of the Law, see [28]).

The 2006 version of the REL, however, was too general from the perspective of policy
implementation. It reflected the fact that Chinese officials only had rudimentary plans
for the country’s future energy landscape. There was neither a concrete roadmap for the
development of the various kinds of renewable energy nor any operable mechanism for
sharing the costs associated with renewable power generation at that time [29]. Without
workable supporting policies and measures, the REL failed to bring about any progress
in China comparable to that of the European electricity markets. In 2007, the central
government released the “Renewable Energy Medium- and Long-Term Development Plan,”
which set a goal of installing 30 GW of wind power capacity and 1.8 GW of solar PV power
capacity by 2020 [30]. It also called for the establishment of comprehensive renewable
energy equipment manufacturing between 2010 and 2020. What happened was a significant
expansion of Chinese manufactured renewable energy equipment. China had become a
major manufacturer of solar PV equipment by the end of the 2000s, but sold most of the
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equipment to overseas markets. Domestic demand remained negligible, although the
Chinese government did implement the Golden Sun Program in an attempt to nurture the
domestic market for solar PV equipment between 2009 and 2013. The large production
scale of renewable energy equipment contrasted sharply with the tiny domestic utilization
of renewable energy. Instead, Chinese renewable products had supported the rapidly
growing installed capacity in Europe. In particular, Germany became the world’s largest
solar PV installer in 2008 [31].

The REL was revised in 2009 and the updated version was enacted in 2010. It set forth
clearer operative measures. Three particularly important measures affected the growth in
renewable energy in the electricity mix over the subsequent decade. Firstly, the updated
version called for the establishment of a protective procurement system for electricity
generated from renewables. It mandated that electric utilities would have to purchase all
of the renewable electricity generated in the areas covered by their grids. This aimed to
prevent the rejection of renewable energy by grid operators because of the lower reliability
and higher instability of renewables when compared to power generated by fossil fuels.
The concrete measures for implementation of this system were announced in 2016 [32].
Secondly, it stipulated the establishment of the Renewable Energy Development Fund
(REDF), which was a major funding source for the FiT measures. The REDF was to be
financed by a surcharge levied on the consumption of electricity nationwide and an annual
fiscal allocation dedicated to the development of renewable energy. It provided subsidies
for the electric utilities to purchase renewable power at a price higher than the ongoing
market price for thermal power, as the cost of renewable power was higher than that of
thermal power at that time. The survival of renewable power was thus guaranteed. The
policy also encouraged investment and technological development that might drive down
long-term costs. The REDF was formally established in 2012. Thirdly, a new article in the
Law mandated that the government should set the RPS in electricity production, indicating
the policy direction. However, no operable mechanism was put forward at the time [33].

3. The Introduction of FiTs during 2009-2013

Over the subsequent years, FiTs became the most important instrument for stimulat-
ing the generation of renewable electricity. FiT rates were first introduced to support the
development of terrestrial wind power in 2009. The National Development and Reform
Commission (NDRC) categorized the cities and prefectures into four wind resource zones.
For each zone, a FiT rate for wind power station projects was determined (see Figure 1). Bor-
der areas, such as Inner Mongolia, Xinjiang, Gansu, Ningxia, and part of the north-eastern
provinces, have relatively abundant wind resources, and they were offered lower FiT rates
of RMB 0.51/kWh, RMB 0.54/kWh, or RMB 0.58/kWh. Coastal areas with relatively fewer
terrestrial wind resources were offered a higher FiT rate of RMB 0.61/kWh [34]. China
became even more eager to adopt the FiT policies for renewable energy in the early 2010s.
The anti-subsidies and anti-dumping tariffs on wind and solar energy equipment imposed
by the US and the EU in 2011 and 2012 triggered a crisis for domestic manufacturing firms.
The problem was especially serious in the solar PV sector. Driven by their optimism for
the industry’s prospects, some Chinese solar PV manufacturers had expanded quickly
in the 2000s. Many such companies faced a sudden funding chain rupture after a severe
market shrinkage in developed countries. They could not repay the huge loans borrowed
from policy and commercial banks. Concerns were also raised over the possible financial
instability arising from large-scale bankruptcy in the solar PV sector.

To address this crisis, the Chinese government adopted a series of electricity market
reforms that aimed to provide incentives for investment in solar PV power generation. An
important measure was to introduce FiT rates for solar PV power generation. As the cost
of investment in solar power stations could be recovered by selling electricity at the FiT
rates, huge domestic demand for renewable energy equipment was stimulated, allowing
domestic manufacturing firms to survive and even to expand the production capacity.
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As mentioned, the FiT policy for wind energy was already in place in 2009. In July
2011, the NDRC introduced a fixed FiT rate for solar PV projects, with different rates for
those completed before and after the end of the year, and a special rate for projects in
Tibet [35]. In 2013, the NDRC refined the policy by setting differential FiT rates based on the
solar radiation resources and construction costs applicable to distinct locations. China was
divided into zones delineated by solar energy resources, and an FiT rate for solar PV power
station projects was determined for each classification (see Figure 2). Solar radiation-rich
areas, such as Haixi Prefecture of Qinghai Province and Dunhuang of Gansu Province in
the northwestern part of China, would enjoy lower FIT rates (RMB 0.9/kWh). In contrast,
areas with less solar radiation (mostly eastern and southern provinces), would be granted a
higher FiT rate (RMB 1.0/kWh). Areas with middling solar radiation resources were offered
an FiT rate of RMB 0.95/kWh. For distributed solar PV power systems, all the electricity
generated was subsidized at a unified rate of RMB 0.42/kWh. Surplus electricity in excess
of self-consumption could be sold to the grid at the coal-power benchmark tariff [36,37].
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Figure 1. Feed-in tariff rates for wind power in China. Source: Xu (2019) [38].
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Figure 2. Feed-in tariff rates for solar PV power in China. Notes: Based on annual equivalent
utilization (AEU) hours of solar energy, China divided distinct locations into three broad categories
of “resource areas”, each applying a specific level of on-grid tariff. Class I refers to those areas with
1600 AEU hours; Class II refers to those with 1400-1600 AEU hours; and the remaining areas belong
to Class III. Source: Shui (2020) [39].
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Following the 2010 version of the REL, the Chinese government officially launched
the Renewable Energy Development Fund in 2012 to fund the necessary subsidies. While
a small share of the money came from the central budget, the major share was raised
in the form of a surcharge above the electricity price [40]. All electricity consumption,
except that in Tibet and that of agricultural production, would be billed with a surcharge
of RMB 0.008/kWh. The surcharge would be collected by the electric utilities on behalf of
the government, and then a designated provincial government office (called the financial
supervision commissioner’s office) would collect the sum based on the amount of electricity
sold and remit it directly to the national treasury.

The new policies therefore set out the market infrastructure for various market players
to participate in the supply of solar PV energy. Thanks to the subsidies, the internal rate
of return on solar power station projects increased to over 10%, providing a lucrative
opportunity for solar PV manufacturers to expand their production [41].

Many solar PV equipment manufacturers quickly adopted a strategy of vertical inte-
gration by extending their businesses to the building of solar PV power stations. Apart
from investing heavily in large-scale solar PV power stations across China, they also began
negotiations with relevant parties to obtain rooftop spaces for the installation of smaller-
scale solar PV systems. This was boosted by the Chinese government’s launching of a solar
PV poverty alleviation campaign, which aimed to increase the income of the rural poor by
generating and selling solar power. The Chinese government helped people in about sixty
thousand poverty-stricken villages to build solar PV power stations on hillsides and over
greenhouses [42]. At the end of 2019, the Chinese government announced the completion
of the “Poverty Alleviation by Solar PV” program. The cumulative installed capacity of
solar PV stations was 26.36 GW, which generated an annual revenue of RMB 18 billion
from the sales of electricity and benefited 4.15 million households [43].

The FiT had a decisive impact on the structure of the Chinese electricity market. In the
subsequent years, the installed capacity for wind and solar power increased dramatically
(see Figure 3). Since 2013, China has overtaken Europe and become the world leader
for newly installed solar PV capacity. Indeed, China’s cumulative installed capacity has
exceeded that of the whole of Europe since 2016 [44]. During the 13th Five-Year Plan period
(2016-2020), the cumulative capacity of solar power increased by about 5 times, while that
of wind power more than doubled [45—47]. The electricity generated by solar and wind
power also increased substantially during the same period (see Figure 4). By the end of
2020, the share of renewables in total installed capacity was 42.5%, accounting for 29.1% of
China’s total electricity. Around one-third of such electricity was generated by solar PV
and wind powered systems [47].

Nevertheless, many private companies gradually retreated from the market as prof-
itability decreased. To encourage cost reduction through innovation and reduce the de-
pendence of the industry on subsidies, the Chinese government announced a scheduled
phasing out of the FiT, and a stoppage of central subsidies for solar PV power stations
registered after 31 May 2018 [48]. Since then, large SOEs have become the major force
in developing solar PV power stations. With abundant capital and low-cost financing
channels, the SOEs have been able to develop large-scale power stations and they have also
purchased many privately owned power stations [49].

There were also concerns about the financial sustainability of the FiT policy. The
subsidy-driven growth in renewables in China led to a large amount of subsidy arrears [50].
As the actual installed capacity of solar PV systems had grown more quickly than expected,
the demand for subsidies outpaced the growth in surcharges collected from electricity
consumers. The problem was not solved even after the Chinese government gradually
increased the surcharge to RMB 0.019/kWh. The gap continued to widen and the arrears
grew. According to an estimation by the Chinese Wind Energy Association (CWEA) of the
China Renewable Energy Society (CRES), the total subsidy arrears were as much as RMB
400 billion in 2021, and were forecast to peak by 2028 [51]. Without the subsidies, many
enterprises in the sector found themselves under tremendous financial pressure [52].
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Figure 3. Installed capacity of wind and solar power in China (unit: GW). Notes: The data for solar
power in 2009 are not available due to the dataset’s negligible size. Source: National Bureau of
Statistics of China, China’s Statistical Yearbooks, various issues, available at http:/ /www.stats.gov.
cn/tjsj/ (accessed on 31 December 2022).
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Figure 4. Electricity generated by wind and solar energy in China (unit: TWh). Notes: The data
for solar power in 2009-2010 are not available due to the dataset’s negligible size. Source: China
Electricity Council, Statistical Digest of China’s Electricity Industry, various issues, available at
https:/ /cec.org.cn/menu/index.html?542 (accessed on 31 December 2022).

Most importantly, the dramatic increase in the installed capacity of renewable electric-
ity did not lead to a quick energy transition. One major problem was the high curtailment
rate, which was due to the insufficient demand for renewable energy in the producing
regions. In 2015, the Chinese government introduced an experiment to promote local
consumption of renewable energy in Gansu and Inner Mongolia [53]. However, a more
reasonable solution was to supply the energy to other regions that needed more energy.
This cannot be achieved because of the regional fragmentation of the electricity market.
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4. The 2015 Reforms to Set Up a Multiple-Layered Market

In 2015, China launched new reforms that aimed to establish a domestic multi-layered
electricity market. The government sought to establish a non-discriminative, competitive
market featuring electricity generation by diversified producers by gradually liberalizing
the price of the transmission and delivery market segments. The grid enterprises would no
longer monopolize the sale of electricity, and they would be transformed into regulated
platforms responsible for maintaining the stability of the electricity supply. The government
also relaxed controls over electricity generation, except those serving public interests and
those critical to supply stability [54,55].

The Chinese government established relatively independent entities to facilitate elec-
tricity trading. Provincial trading centers were established to facilitate mid- and long-term
trading and spot trading of electricity within the provinces. Green electricity was one of
the products on the market. Regional centers in Beijing and Guangzhou were established
to deal with the interprovincial and interregional trade of electricity, with an objective of
achieving better allocation of resources at a national level. Eight province-level centers
were also established in the initial stage.

Pilot tests were carried out in several provinces. However, transactions of renewable
electricity in the interprovincial electricity market were limited. At the time, most of inter-
provincial electricity transmission was governed by national plans and agreements between
local governments. The government’s protective procurement mechanism covered most of
the power generated from renewable sources. The procurement price was also determined
by the government. Interprovincial transmission of renewables was also achieved through
inter-governmental agreements. Only the renewable electricity produced and consumed
outside the protective procurement system could be traded in the market [56]. Therefore,
the market was very thin during the initial stage.

However, the building of a nationally integrated electricity market is not easy. Al-
though the central government tried to connect provincial and regional electricity trading
centers, cross-province trade was hindered by differences in trade rules. Since the standards
for transaction technology and the data interface have not been unified, there has been a
substantial increase in transaction costs that has prevented enterprises from participating
in the interprovincial electricity market [57].

The aforementioned problem of the high curtailment rate of renewable electricity was
a result of the non-integration of the regional electricity markets. In some renewable-rich
inland provinces, such as the “Three North” regions (Northwest, Northeast, and North
China), curtailment rates were particularly high. For instance, the curtailment rate of solar
and wind power in Xinjiang was 21.6% and 29.8%, respectively, in 2017 [58]. To tap the
potential of the solar radiation resources, the installed capacity of the “Three North” regions
grew to a high of about 230 GW, but a relatively low level of regional development limited
local demand for energy. In theory, this problem might be solved by transmitting electricity
to the energy hungry coastal provinces. However, while the implementation of the FiTs
encouraged investment in installation capacity in the “Three North” regions, insufficient
incentives were provided for consumption of renewable power at the terminal markets
in other regions. As such, the increase in supply was not matched by a corresponding
increase in demand. The problem was further aggravated by the capacity constraints of
cross-province transmission. The total capacity of such transmissions was only 42 GW,
about 18% of the installed capacity of the “Three North” regions [59]. As a result, a lot of
renewable energy has been wasted.

Before an integrated market could be built, the Chinese government had to deal
with separate problems in both supply and demand. On the supply side, the Chinese
government imposed new restrictions on investment in 2017 and 2018 to prevent the growth
in excess capacity. Specifically, the Chinese government temporarily stopped the subsidies
for the solar PV capacity installed after 31 May 2018 [48]. The annual installed capacity
of renewable electricity for each province would be determined by the National Energy
Administration (NEA) and based on the total amount of a province’s own consumption
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and the pledged purchase of renewable power by other provinces [30]. Additionally, as
mentioned above, the Chinese government announced a scheduled phasing out of the
FiTs for solar PV and wind power. The growth in investment in solar PV and wind power
decreased substantially in 2018 and 2019 [60].

On the demand side, the Chinese government set renewable electricity utilization
targets for major provinces, aiming to increase the utilization efficiency of renewable energy.
The Action Plan for Consumption of Clean Energy (2018-2020) released by the NDRC
(2018), required those provinces to gradually lower curtailment rates to 10% or below, so
that China as a whole would be able to cap the curtailment rate of solar and wind power
below 5% by the end of 2020 [61]. The local agencies of the NEA would formulate plans
with energy departments in provinces with serious curtailment problems to increase the
utilization rate of renewables.

It was also seen to be important to increase cross-province transmission capacity, so
that electricity from renewable sources could be sold to energy hungry provinces. In the
short term, the Chinese government worked to increase the share of renewables in total
cross-province power transmission using the existing “power passages”. The target was
to increase the share to 30% by 2020. In the long term, the Chinese government aimed
to strengthen the role of the national grid in efficient power allocation across regions. It
planned to construct outbound “power passages” with a high share of renewable power
transmission in resource abundant areas, such as Inner Mongolia and Qinghai. It also
planned to alleviate the lack of internal transmission capacity in provinces including Gansu,
Guangdong, Guangxi, Xinjiang, Hebei, Sichuan, and Yunnan [61].

5. Acceleration of Reforms since 2020

The Chinese government’s announcement of the “dual carbon goals” in September
2020 represented a milestone in China’s climate action. At about the same time, a series of
significant action plans were also released. The reform of the electricity market to enhance
energy transition was a core element of these plans. To tackle existing problems in the
electricity market, the Chinese government adopted a two-pronged strategy. Firstly, it
pushed the provinces to gradually reduce the wasting of renewable power by imposing the
RPS. Secondly, it augmented the 2015 reforms to speed up the development of a multi-layer
and nationally integrated electricity market with an increasing share of renewables.

5.1. Renewable Portfolio Standards (RPS)

The Chinese government decided to introduce the RPS in 2019. The accounting
methods and the procedures used to set the targets for each province were announced. The
specific targets for 2020 were determined and the assessment of provincial performances
were slated to start in the same year [62]. After the “dual carbon goals” were announced,
China also set long-term targets. To make sure that the share of non-fossil fuels in primary
energy consumption would reach 25% by 2030, all provinces were expected to increase
their share of renewable electricity consumption to at least 40% over the period. According
to a consultation document released in 2021, the specific target for each province in each
year was to be determined by an equal increment in the share of renewable electricity, such
that the 40% target could eventually be achieved [63].

It is not clear whether the policies proposed by the consultation document have all been
adopted. Nevertheless, the targets for the period of 2021-2025 have been operationalized
in the NDRC and NEA (2021) [64]. In this document, the Chinese government set up RPS
for every province except Tibet. The target for 2021 is mandatory, while the target for 2022
is predictive. If progress in 2021 is higher than a specified level, the relevant province will
be rewarded. If a province does not meet its 2021 target due to uncontrollable factors, the
unmet balance will be transferred to the next year. The provinces are free to negotiate
and collaborate with each other to jointly achieve combined provincial targets. The same
mechanism is to be applied in the subsequent years. The targets for 2025 must be met,
regardless of the progress made in previous years.
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China also reformed the Green Electricity Certificate (GEC) system to accommodate
the implementation of the RPS in 2021. When the GEC system was introduced in 2017, the
government planned to link it to the RPS, due to be introduced at a later date [65]. In doing
this, China was apparently following the model of many Western countries, which aimed
to encourage energy transition with similar complementary measures.

However, the development of the GEC market was not successful. This was a some-
what reasonable outcome; a GEC system without RPS does not work. Still, there was an
additional reason for China’s failure to develop the GEC system. When it was introduced,
the Chinese government intended to use it as a tool to reduce the financial burden of
the REDF. It was designed so that once the GEC was sold, the corresponding amount of
electricity would no longer qualify for subsidies from the central government. Without
subsidies, the price of GEC would be so high that few companies would have an incentive
to buy it. Only those companies keen to demonstrate their willingness to fulfill social
responsibilities might have enough reason to buy it on a voluntary basis. As a result, since
2019, the Chinese government has tried to link the GEC system to RPS. At the beginning of
2021, the Chinese government further tightened the link between the GEC and the actual
consumption of green electricity (see below).

5.2. Market for Green Electricity

Relying on the basic market infrastructure developed after the 2015 reforms, the
Chinese government put further efforts into establishing a unified, multi-tier national
electricity market system which would promote the consumption of renewable power. The
blueprint had been to build efficient provincial and regional green electricity markets which
are integrated to form a national market with significant interprovincial trade in renewable
electricity. The plan aims to foster trade and pricing mechanisms by 2025 and to achieve
complete marketization of renewable power allocation by 2030 [64,66].

Pilot tests were carried out to promote the trading of green electricity. The State Grid
Corporation of China and the China Southern Power Grid Company each formulated a
work plan for a pilot test of green electricity trading under the leadership of the NDRC and
NEA in August 2021. The policies were initially applied to solar and wind power and were
to be extended to hydroelectric power when appropriate. There had been provincial and
regional initiatives to establish the green electricity market [67,68], but these national pilot
schemes represented a high-level decision that would also take more care of interprovincial
trade issues.

Green electricity would be transacted under the “unification of issuance of GEC
and actual consumption of green electricity”. This arrangement aimed to overcome the
inherent shortcomings associated with separating purchasers of GECs from the consumers
of renewable power in the initial years. Before 2021, the GECs were issued by the platform
administered by the National Renewable Energy Information Management Center. They
could be purchased by individuals, government agencies, and enterprises on a voluntary
basis. It was not necessary for the GEC-purchasing firms to know what the green electricity
was ultimately being used for. This flexible model is common in Western countries, as it
can offer more flexibility to producers and consumers of green electricity. However, it is
not guaranteed that the green electricity represented by the GEC is actually consumed.
Therefore, starting from 2021, GECs would be directly issued to green electricity consumers.
Under this regime, green electricity could be traced over its entire “life-cycle”: from
production and transaction to consumption.

There would be two broad categories of transaction. The first was direct transaction.
Green electricity consumers and electricity retail companies would transact with power
generation companies based on rules and regulations. The second was transaction though
agents. The electric utilities would act as an agency to purchase green electricity. The
Guangzhou and Beijing Power Exchange centers would collaborate with the provincial-
level exchange centers or electricity utilities to deal with cross-province green electricity
trading, while provincial-level centers would be responsible for within-province trading.



Energies 2023, 16, 905

11 of 16

These pilot tests aimed to develop the spot-, mid-, and long-term markets for green
electricity. In previous years, most of the electricity that was open to market trade was
generated by fossil fuels. Renewable power enterprises did not participate in the market.
Instead, the electricity generated by them was purchased under protective procurement
schemes. Development of the mid- and long-term markets aimed to enhance price stability
for consumers and increase the certainty of return for the developers of power stations.
Enterprises were encouraged to agree on five- to ten-year electricity purchasing agreements
with power enterprises.

The development of the spot market for green electricity is complicated by the inherent
instability of the supply of renewable power. In many coastal provinces, renewable power
has simply not been included in pilot tests for the electricity spot market. Although there are
spot markets in some inland provinces, the huge surplus of green electricity in peak power
generation periods drives down prices, undermining the incentive for the power generation
companies to join the market. The demand generated by other provinces has not been able
to stimulate the price of green electricity because of the lack of cross-province electricity
transmission capacity. This explains why the Chinese government is eager to remove
inter-regional trade barriers and maximize the surplus capacity of the interprovincial and
inter-regional transmission channels.

The nascent green electricity market has been characterized by the dominance of
within-province transactions. On the first day (7 September 2021) of pilot green electricity
trading, a total of 259 enterprises from 17 provinces participated in the market. Over
7.9 TWh of green electricity was sold, of which only 20% was interprovincial trade [24].
Another characteristic of the nascent market was its small scale. About 6.9 TWh was
transacted in the areas covered by the National Grid on 7 September 2021 [69]. Although
green electricity seems to have been actively traded in the earliest stages, few transactions
were registered in subsequent months. By April 2022, the accumulated volume of green
electricity transactions in the areas covered by the National Grid was just 9.5 TWh. That
means the total transaction volume of green electricity between September 2021 and April
2022 was only 2.56 TWh [70].

Nonetheless, there are new players joining the market. Large enterprises, especially
the sectoral giants and foreign-owned multinational corporations, have demanded more
green electricity to fulfil social responsibilities and decarbonization goals. For instance,
BASF (China) Company Limited and China Resources signed a 25-year green electricity
purchasing agreement with SPIC Guangdong Power Company Limited, and the compa-
nies completed a transaction of about 2.5 GWh of green electricity at Guangzhou Power
Exchange Center in June 2021. Encouraging those provinces with a lot of outward-oriented
enterprises to use more green electricity is one of the most important strategies aimed
at boosting demand, as reflected in the Chinese government’s Implementation Plan For
Promoting Green Consumption, issued in 2022 [71].

The Chinese government has also made efforts to enhance the electricity grid for a
more efficient utilization of renewable power at a national level. Particularly, it will increase
the delivery capacity of the existing ultra-high voltage transmission lines of the “Three
North” regions to the design level as soon as possible. This will enable the “Three North”
regions to supply more renewable power to other provinces.

6. Concluding Remarks

Increasing the use of clean energy is one of the most important methods of achieving
the climate goals set by the Paris agreement. Facilitating a transition to a clean energy
structure is a common theme in electricity market reforms around the world. We have
analyzed the last two decades of reform experiments in China and have particularly
emphasized the importance of aligning the incentives aimed at both the supply and the
demand sides of the market.

China’s experience suggests that a coordinated approach is necessary. China started
with a supply-oriented policy that encouraged investment and production in the renewable
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energy sector. However, RPS were not introduced until relatively recently. Due to a lack of
demand-oriented policies, a large share of the installed capacity was under-utilized, leading
to the waste of a lot of resources and fiscal subsidies. A better strategy would include the
simultaneous deployment of both supply-side and demand-side policies. A reasonable
RPS should be formulated as early as possible in accordance with a country’s situation, and
appropriate FiT rates are necessary to encourage the supply of green electricity.

The development of China’s renewable energy sector also suggests that energy transi-
tion requires policies that go beyond the narrow domain of electricity market reform. To
many countries, making progress in the energy transition means imposing higher energy
costs on production and consumption activities, as renewables are more costly than fossil
fuels. However, China has tried to benefit from its own energy transition by developing a
manufacturing industry devoted to renewable power production equipment. As a large
country, the energy transition requires a large volume of equipment that can produce af-
fordable clean energy. To achieve this goal, China has implemented industrial policies that
ensured the survival of its industry, forced manufacturing firms to advance technological
progress by subsidizing research and development, and gradually phased out FiT policies.
By doing this, China has benefitted from the process of the energy transition. According to
a research report from the International Energy Agency (IEA), China has dominated many
segments of the global supply chains on solar PV products [72]. Other countries may not
have the industrial capacity to achieve this, but they can now benefit from China’s low-cost
renewable energy technologies. It might also be desirable for them to participate in the
value chain of this manufacturing sector wherever possible.

With regard to demand, there is still a lot of room for the applications of solar energy
to increase. China has been innovative and proactive in this regard. For instance, the
Chinese government is further increasing the environmental value of renewable technology
by integrating it with sand control [73]. Solar panels operating in deserts can create a
more favorable environment for plants through sun shading and provide incentives to
revegetate the deserts. The rural poor of China are beginning to make best use of their
space by growing value-added cash crops and Chinese medicinal herbs. The Chinese
government is also narrowing the regional imbalances of the digital era by encouraging
the use of solar PV technology to power “green” internet data centers (IDC). The Chinese
government is turning the rich solar resources of western provinces into ideal locations
for establishing IDCs under the “Eastern Data and Western Computation” Program. In
addition to decreasing carbon emissions, the new IDCs have also brought a growing number
of well-paid information industry jobs to relatively underdeveloped and remote areas [74].
In China’s 14th Five-Year Plan (2021-2025) on renewable energy development, aggressive
capacity and consumption targets were announced, with detailed measures to support
renewables consumption. Interestingly, provincial plans are even more aggressive than
the national plan, with aggregation of provincial targets far exceeding the corresponding
national targets [75].

Moreover, the technological nature of solar PV energy also provides an opportunity
for low-income countries to alleviate poverty whilst achieving a higher utilization rate
of clean energy. Administered properly, distributed solar PV systems could be installed
in rural areas to provide affordable energy to poor households and, where possible, to
generate income from solar energy generation.

To conclude, facing the current climate crisis, electricity market reforms in various
countries should be designed to enable a faster and more efficient energy transition. China
has provided some useful lessons for other countries. China’s experience has also demon-
strated how economic and social policies complement electricity market reforms to achieve
better energy transition outcomes and socioeconomic progress.

Author Contributions: Conceptualization, Y.-s.C., M.-k.C. and K.-p.T.; data curation, K.-p.T.; formal
analysis, Y.-s.C., M.-k.C. and K.-p.T.; methodology, Y.-s.C.; writing—original draft, Y.-s.C. and M.-k.C.;
writing—review and editing, K.-p.T. and Y.-s.C. All authors have read and agreed to the published
version of the manuscript.



Energies 2023, 16, 905 13 of 16

Funding: The work in this study was partially funded by the Ford Foundation (#139746) and the
Research Matching Grant Scheme of the Research Grant Council of the HKSAR Government.

Data Availability Statement: The captions of Figures 1-4 indicate their data sources.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

Biisgen, U.; Diirrschmidt, W. The expansion of electricity generation from renewable energies in Germany: A review based on the
Renewable Energy Sources Act Progress Report 2007 and the new German feed-in legislation. Energy Policy 2009, 37, 2536-2545.
[CrossRef]

European Commission. Commission Staff Working Document. The Support of Electricity from Renewable Energy Sources.
Accompanying Document to the Proposal for a Directive of the European Parliament and of the Council on the Promotion of the
Use of Energy from Renewable Sources. Brussels, 23 January 2008, COM(2008) 19 Final. Available online: https://www.europarl.
europa.eu/registre/docs_autres_institutions/commission_europeenne/sec/2008/0057 /COM_SEC(2008)0057_EN.pdf (accessed
on 31 October 2022).

Huntington, S.C.; Rodilla, P.; Herrero, I.; Batlle, C. Revisiting support policies for RES-E adulthood: Towards market compatible
schemes. Energy Policy 2017, 104, 474-483. [CrossRef]

Palmer, K.; Burtraw, D. Cost-effectiveness of renewable electricity policies. Energy Econ. 2005, 27, 873-894. [CrossRef]

Ozdemir, O.; Hobbs, B.E; van Hout, M.; Koutstaal, P.R. Capacity vs. energy subsidies for promoting renewable investment:
Benefits and costs for the EU power market. Energy Policy 2020, 137, 111166. [CrossRef]

Cheung, K. Integration of Renewables: Status and Challenges in China; IEA Energy Papers 2011/9; OECD Publishing: Paris, France, 2011.
Kabhrl, F; Williams, J.; Ding, J.; Hu, J. Challenges to China’s transition to a low carbon electricity system. Energy Policy 2011, 39,
4032-4041. [CrossRef]

IEA Wind TCP Secretariat. Wind Energy in China: 2020 Wind Energy Numbers. 2021. Available online: https://iea-wind.org/
about-iea-wind-tcp/members/cwea/ (accessed on 31 October 2022).

IEA Photovoltaic Power System Programme. Task 1 Strategic PV Analysis and Outreach-Snapshot or Global PV Market 2021; IEA:
Rheine, Germany, 2021; ISBN 978-3-907281-17-8. Available online: https://iea-pvps.org/snapshot-reports/snapshot-2021/
(accessed on 31 October 2022).

Chen, B.; Cheng, Y.S. The impacts of environmental regulation on industrial activities: Evidence from a quasi-natural experiment
in Chinese prefectures. Sustainability 2017, 9, 571. [CrossRef]

Chen, YJ.; Li, P; Lu, Y. Career concerns and multitasking local bureaucrats: Evidence of a target-based performance evaluation
system in China. J. Dev. Econ. 2018, 133, 84-101. [CrossRef]

Wu, M.; Cao, X. Greening the career incentive structure for local officials in China: Does less pollution increase the chances of
promotion for Chinese local leaders? J. Environ. Econ. Manag. 2021, 107, 102440. [CrossRef]

Christoff, P. Cold climate in Copenhagen: China and the United States at COP15. Environ. Politics 2010, 19, 637-656. [CrossRef]
Lau, L.C.; Lee, K.T.; Mohamed, A.R. Global warming mitigation and renewable energy policy development from the Kyoto
Protocol to the Copenhagen Accord—A comment. Renew. Sustain. Energy Rev. 2012, 16, 5280-5284. [CrossRef]

Démurger, S.; Sachs, J.D.; Woo, W.T; Bao, S.; Chang, G.; Mellinger, A. Geography, economic policy, and regional development in
China. Asian Econ. Pap. 2002, 1, 146-197. [CrossRef]

Kanbur, R.; Zhang, X. Fifty years of regional inequality in China: A journey through central planning, reform, and openness. Rev.
Dev. Econ. 2005, 9, 87-106. [CrossRef]

Cheng, Y; Li, R.; Woo, C. Regional Energy-growth Nexus and Energy Conservation Policy in China. Energy 2021, 217, 119414. [CrossRef]
Yue, X. Proper Planning to Realize “Dual Carbon Goals”. China Daily, 27 April 2022. Available online: http://global.chinadaily.
com.cn/a /202204 /27 /WS6268840ba310fd2b29e597e7.html (accessed on 13 October 2022).

Zeng, M.; Yang, Y.; Wang, L.; Sun, J. The power industry reform in China 2015: Policies, evaluations and solutions. Renew. Sustain.
Energy Rev. 2016, 57, 94-110. [CrossRef]

Lei, N.; Chen, L.; Sun, C.; Tao, Y. Electricity market creation in China: Policy options from political economics perspective.
Sustainability 2018, 10, 1481. [CrossRef]

Guo, S.; Zhang, W.; Gao, X. Business risk evaluation of electricity retail company in China using a hybrid MCDM method.
Sustainability 2020, 12, 2040. [CrossRef]

Cheng, Y.S.; Wong, WK.; Woo, C.K. How much have electricity shortages hampered China’s GDP growth? Energy Policy 2013, 55,
369-373. [CrossRef]

Xu, S.; Chen, W. The reform of electricity power sector in the PR of China. Energy Policy 2006, 34, 2455-2465. [CrossRef]
Ministry of Electric Power Industry. Regulations for Managing On-grid Operation of Wind Power Station (Pilot). The Website of
National Energy Administration. 1994. Available online: http://www.nea.gov.cn/2011-08/16/c_131051397.htm (accessed on 18
October 2022).

Yang, X. The Inter-Provincial and Inter-Regional Transaction of Renewable Energies Have Huge Development Potential, The
Website of BJX. 2022. Available online: https:/ /news.bjx.com.cn/html/20220223/1205834.shtml (accessed on 18 October 2022).


http://doi.org/10.1016/j.enpol.2008.10.048
https://www.europarl.europa.eu/registre/docs_autres_institutions/commission_europeenne/sec/2008/0057/COM_SEC(2008)0057_EN.pdf
https://www.europarl.europa.eu/registre/docs_autres_institutions/commission_europeenne/sec/2008/0057/COM_SEC(2008)0057_EN.pdf
http://doi.org/10.1016/j.enpol.2017.01.006
http://doi.org/10.1016/j.eneco.2005.09.007
http://doi.org/10.1016/j.enpol.2019.111166
http://doi.org/10.1016/j.enpol.2011.01.031
https://iea-wind.org/about-iea-wind-tcp/members/cwea/
https://iea-wind.org/about-iea-wind-tcp/members/cwea/
https://iea-pvps.org/snapshot-reports/snapshot-2021/
http://doi.org/10.3390/su9040571
http://doi.org/10.1016/j.jdeveco.2018.02.001
http://doi.org/10.1016/j.jeem.2021.102440
http://doi.org/10.1080/09644016.2010.489718
http://doi.org/10.1016/j.rser.2012.04.006
http://doi.org/10.1162/153535102320264512
http://doi.org/10.1111/j.1467-9361.2005.00265.x
http://doi.org/10.1016/j.energy.2020.119414
http://global.chinadaily.com.cn/a/202204/27/WS6268840ba310fd2b29e597e7.html
http://global.chinadaily.com.cn/a/202204/27/WS6268840ba310fd2b29e597e7.html
http://doi.org/10.1016/j.rser.2015.12.203
http://doi.org/10.3390/su10051481
http://doi.org/10.3390/su12052040
http://doi.org/10.1016/j.enpol.2012.12.015
http://doi.org/10.1016/j.enpol.2004.08.040
http://www.nea.gov.cn/2011-08/16/c_131051397.htm
https://news.bjx.com.cn/html/20220223/1205834.shtml

Energies 2023, 16, 905 14 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ma, C.; He, L. From state monopoly to renewable portfolio: Restructuring China’s electric utility. Energy Policy 2008, 3, 1697-1711.
[CrossRef]

Schuman, S.; Lin, A. China’s Renewable Energy Law and its impact on renewable power in China: Progress, challenges and
recommendations for improving implementation. Energy Policy 2012, 51, 89-109. [CrossRef]

Xinhua News. Renewable Energy Law of the People’s Republic of China, The Website of The Central People’s Government of the
Government of The People’s Republic of China. 2006. Available online: http://www.gov.cn/ziliao/flfg/2005-06/21/content_82
75.htm (accessed on 8 October 2022).

Wang, Z.; Wang, C.; Shi, J.; Li, J. Review and Evaluation of the Implementation of China’s Renewable Energy Law, Energy
Research Institution of the National Development and Reform Commission, and Beijing Orient Environmental Research Institute.
2006. Available online: https://www.efchina.org/Attachments/Report/reports-efchina-20070515-1-en/RE%20Law%20Imp%
20Review_0407_Chinese%20only.pdf (accessed on 8 October 2022).

National Energy Administration. Guiding Opinions from the National Energy Administration on the Implementation of the 13th
Five-Year Plan for Renewable Energy Development. The Website of the People’s Government of Guangdong Province. 2017.
Available online: http://www.gd.gov.cn/zwgk/wijk/zcfgk/content/post_2726682.html (accessed on 13 October 2022).

Li, J.; Wang, X.; Shi, J.; Li, Q.; Xie, H.; Gao, H.; Tang, W.; Peng, P.; Li, D. China Solar PV Power Policy Report: Differential Feed-in
Tariffs, Chinese Renewable Energy Industries Association. 2013. Available online: https://www.efchina.org/Attachments/
Report/report-cre-20130509 / reports-20130402-zh (accessed on 8 October 2022).

National Development and Reform Commission. Administrative Measures for the Full Guaranteed Purchase of Renewable
Energy Electricity Generation, The Website of the Central Government of The People’s Republic of China. 2016. Available online:
http:/ /www.gov.cn/xinwen /2016-03 /29 /5059383 / files /403db895dbc346708e43f5eeedce72aa.pdf (accessed on 15 October 2022).
National People’s Congress. Renewable Energy Law of The People’s Republic of China (Amendment). The Website of the National
People’s Congress. 2009. Available online: http:/ /www.npc.gov.cn/zgrdw /huiyi/cwh/1112/2009-12/26 / content_1533216.htm
(accessed on 18 October 2022).

National Development and Reform Commission. National Development and Reform Commission Notice on Improving the
Feed-in Tariff Policy for Wind Power Electricity Generation, The Website of National Development and Reform Commission.
2009. Available online: https://www.ndrec.gov.cn/xxgk/zcfb /tz /200907 /t20090727_965206.html?code=&state=123 (accessed on
6 October 2022).

National Development and Reform Commission. National Development and Reform Commission Notice on Improving the On-
Grid Price Policy for Solar Photovoltaic Electricity Generation, The Website of National Development and Reform Commission.
2011. Available online: http://www.gov.cn/zwgk/2011-08/01/content_1917358.htm (accessed on 6 October 2022).

National Development and Reform Commission. Notice of National Development and Reform Commission on the Role of Price
Leverage and Promoting the Healthy Development of Photovoltaic Industry, The website of National Development and Reform
Commission. 2013. Available online: https://www.ndrc.gov.cn/xxgk/zcfb /tz/201308/t20130830_963934.html?code=&state=123
(accessed on 6 October 2022).

Zhao, X.; Zeng, Y.; Zhao, D. Distributed solar photovoltaics in China: Policies and economic performance. Energy 2015, 88,
572-583. [CrossRef]

Xu, T. The Changes of Wind Electricity Price and the Evolution of Policies in China. 2019. Available online: https://www.chinabe.
com/news/news-1066392-1.html (accessed on 19 October 2022).

Shui, Q. Six Reductions in Eight Years: Subsidy for Solar PV Will Exhaust Its Historical Role. The Website of BJX. 2020. Available
online: https:/ /guangfu.bjx.com.cn/news/20200218/1044342.shtml (accessed on 19 October 2022).

National Development and Reform Commission; Ministry of Finance; National Energy Administration. Notice of the Ministry of
Finance, the National Development and Reform Commission and the National Energy Administration on Issuing the Interim
Measures for the Administration of the Collection and Use of the Renewable Energy Development Fund, The Website of the
Government of The People’s Republic of China. 2011. Available online: http://www.gov.cn/gongbao/content/2012/content_21
31981.htm (accessed on 7 October 2022).

GCL. Photovoltaic Industry: Subsidies Will Be Gradually Phased out. “Weaning” Will Help Market Competition, The Website of
GCL. 2016. Available online: http://www.gcl-power.com/tc/about/newdetail /3959.html (accessed on 10 October 2022).
National Energy Administration and Poverty Alleviation Office. Strategy for Poverty Alleviation with the Use of Solar PV. The
Website of National Energy Administration. 2014. Available online: http:/ /zfxxgk.nea.gov.cn/auto87/201411/t20141105_1862
.htm (accessed on 14 October 2022).

Energy Poverty Alleviation Has Entered the Household Level, [lluminating the Road to a Moderately Prosperous Society for the
Masses (a Hundred Years of Struggle, Set Sail for a New Journey Answers to Poverty Alleviation). People’s Daily, 18 February
2021. Available online: http:/ /politics.people.com.cn/BIG5/n1/2021/0218/c1001-32030292.html (accessed on 14 October 2022).
Paulson Institute. Photovoltaics in China: Embracing the Post-Subsidy Era. The website of Paulson Institute. 2020. Available
online: https:/ /paulsoninstitute.org.cn/green-finance/ green-scene/the-state-of-solar-bracing-for-a-post-subsidy-era-in-china/
(accessed on 18 October 2022).

National Energy Administration. National Energy Administration Release Statistics Related to Photovoltaic Electricity Generation
of 2015. The Website of the Government of the People’s Republic of China. 2016. Available online: http:/ /www.gov.cn/xinwen/
2016-02/05/content_5039508.htm (accessed on 13 October 2022).


http://doi.org/10.1016/j.enpol.2008.01.012
http://doi.org/10.1016/j.enpol.2012.06.066
http://www.gov.cn/ziliao/flfg/2005-06/21/content_8275.htm
http://www.gov.cn/ziliao/flfg/2005-06/21/content_8275.htm
https://www.efchina.org/Attachments/Report/reports-efchina-20070515-1-en/RE%20Law%20Imp%20Review_0407_Chinese%20only.pdf
https://www.efchina.org/Attachments/Report/reports-efchina-20070515-1-en/RE%20Law%20Imp%20Review_0407_Chinese%20only.pdf
http://www.gd.gov.cn/zwgk/wjk/zcfgk/content/post_2726682.html
https://www.efchina.org/Attachments/Report/report-cre-20130509/reports-20130402-zh
https://www.efchina.org/Attachments/Report/report-cre-20130509/reports-20130402-zh
http://www.gov.cn/xinwen/2016-03/29/5059383/files/403db895dbc346708e43f5eee4ce72aa.pdf
http://www.npc.gov.cn/zgrdw/huiyi/cwh/1112/2009-12/26/content_1533216.htm
https://www.ndrc.gov.cn/xxgk/zcfb/tz/200907/t20090727_965206.html?code=&state=123
http://www.gov.cn/zwgk/2011-08/01/content_1917358.htm
https://www.ndrc.gov.cn/xxgk/zcfb/tz/201308/t20130830_963934.html?code=&state=123
http://doi.org/10.1016/j.energy.2015.05.084
https://www.china5e.com/news/news-1066392-1.html
https://www.china5e.com/news/news-1066392-1.html
https://guangfu.bjx.com.cn/news/20200218/1044342.shtml
http://www.gov.cn/gongbao/content/2012/content_2131981.htm
http://www.gov.cn/gongbao/content/2012/content_2131981.htm
http://www.gcl-power.com/tc/about/newdetail/3959.html
http://zfxxgk.nea.gov.cn/auto87/201411/t20141105_1862.htm
http://zfxxgk.nea.gov.cn/auto87/201411/t20141105_1862.htm
http://politics.people.com.cn/BIG5/n1/2021/0218/c1001-32030292.html
https://paulsoninstitute.org.cn/green-finance/green-scene/the-state-of-solar-bracing-for-a-post-subsidy-era-in-china/
http://www.gov.cn/xinwen/2016-02/05/content_5039508.htm
http://www.gov.cn/xinwen/2016-02/05/content_5039508.htm

Energies 2023, 16, 905 15 of 16

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

National Energy Administration. The Development Situation of the Wind Energy Industry in 2015. The Website of National Energy
Administration. 2016. Available online: http:/ /www.nea.gov.cn/2016-02/02/c_135066586.htm (accessed on 13 October 2022).
National Energy Administration. Circular of the National Energy Administration on the 2020 National Renewable Energy
Electricity Development Monitoring and Evaluation Results. The Website of National Energy Administration. 2021. Available
online: http:/ /zfxxgk.nea.gov.cn/2021-06/20/c_1310039970.htm (accessed on 15 October 2022).

National Development and Reform Commission; Ministry of Finance; National Energy Administration. Notice of National
Development and Reform Commission, Ministry of Finance and National Energy Administration on the Matters Related to
Photovoltaic Electricity Generation in 2018, The Website of National Development and Reform Commission. 2018. Available
online: https://www.ndrc.gov.cn/xxgk/zcfb/tz/201806/t20180601_962736.html (accessed on 15 October 2022).

Wang, S. The Era of Private-Sector-Led Photovoltaic Power Station Investment Has Come to an End, The website of BJX. 2019.
Available online: https://guangfu.bjx.com.cn/news/20191202/1024905.shtml (accessed on 15 October 2022).

Auffhammer, M.; Wang, M.; Xie, L.; Xu, J. Renewable electricity development in China: Policies, performance, and challenges.
Rev. Environ. Econ. Policy 2021, 15, 323-339. [CrossRef]

STCN. To Solve the Problem of Renewable Energy Subsidies, Three Ministries Authorized the Power Grid Companies to Set Up
Companies. STCN. 2022. Available online: https://news.stcn.com/sd /202208 /t20220818_4806370.html (accessed on 18 October 2022).
Song, Y.; Liu, T.; Ye, B.; Li, Y. Linking carbon market and electricity market for promoting the grid parity of photovoltaic electricity
in China. Energy 2020, 211, 118924. [CrossRef]

The General Office of National Development and Reform Commission. Opinions about the Pilot Tests of the Local Consumption
of Renewable Energy. The Website of National Development and Reform Commission. 2015. Available online: https://www.
ndrc.gov.cn/fzggw /jgsj/yxj/sjdt/201510/t20151019_986836.html?code=&state=123 (accessed on 18 October 2022).

The Central Committee of the Communist Party and the State Council. Opinions of the Central Committee of the Communist
Party of China and the State Council on Further Deepening the Reform of the Electric Power System. The Website of Fujian Energy
Regulatory Office of the National Energy Administration. 2015. Available online: http://fjb.nea.gov.cn/pufa_view.aspx?id=31434
(accessed on 14 October 2022).

Lin, K.C.; Purra, M.M. Transforming China’s electricity sector: Politics of institutional change and regulation. Energy Policy 2019,
124, 401-410. [CrossRef]

National Development and Reform Commission and National Energy Administration. Notice of the National Development
and Reform Commission and the National Energy Administration on the Orderly Release of Plans for Development and
Consumption of Electricity. The website of National Development and Reform Commission. 2017. Available online: https:
/ /www.ndre.gov.cn/fzggw /jgsj/yxj/sjdt/201704/t20170410_986939.html?code=&state=123 (accessed on 14 October 2022).
Sun, Q.; Guo, Y.; Current Situation and Trend: A Bird’s-Eye View of China’s Electricity Market. Dentons. 2022. Available online:
https:/ /www.dentons.com/zh/insights/articles /2022 /april /4 / current-situation-and-trend-of-power-market (accessed on 18
October 2022).

Liu, X. 50 TWh of Electricity from Wind Power and Photovoltaic Curtailed. State Grid “There are Four Major Barriers to Inter-
provincial Electricity Consumption”. The Website of EEO. 2018. Available online: http://m.eeo.com.cn/2018/0331/325786.shtml
(accessed on 18 October 2022).

The Law Enforcement Inspection Team of the National People’s Congress Standing Committee. Report on Inspection of the
Implementation of the Renewable Energy Law of the People’s Republic of China, The Website of The National People’s Congress
of the People’s Republic of China. 2019. Available online: http://www.npc.gov.cn/npc/c30834,/201912 /2b7568de01944c33b932
6c325dcd498f.shtml (accessed on 16 October 2022).

Zhang, H. The Analysis of the Current Status and Trend of the Development of Renewable Energy in China, Lack of Com-
petitiveness due to High Electricity Generation Costs, The website of Huaon Information. 2021. Available online: https:
/ /m.huaon.com/detail /722186.html (accessed on 18 October 2022).

National Development and Reform Commission. The Action Plan for Consumption of Clean Energy (2018-2020) The Website of
National Development and Reform Commission. 2018. Available online: https://www.ndrc.gov.cn/xxgk/zcfb / ghxwij/201812
/W020190905495739358481.pdf (accessed on 13 October 2022).

National Development and Reform Commission and National Energy Administration. Notice about Establishing A Comprehen-
sive Mechanism For Guaranteed Consumption of Renewable Electricity. The Website of Central Government of People’s Republic
of China. 2019. Available online: http://www.gov.cn/xinwen/2019-05/16/content_5392082.htm (accessed on 16 October 2022).
National Energy Administration. Letter from the National Energy Administration on Soliciting Proposals for the for Renewable
Energy Power Consumption Quota in 2021 and the Prospective Targets for 2022-2030. The Website of China Solar Thermal
Alliance. 2021. Available online: http://cnste.org/html/zixun/2021/0210/7551.html (accessed on 15 October 2022).

National Development and Reform Commission and National Energy Administration. Notice of the National Development and
Reform Commission and the National Energy Administration on Renewable Energy Power Consumption and Related Matters in
2021. The Website of National Development and Reform Commission. 2021. Available online: https://www.ndrc.gov.cn/xxgk/
zctb /tz/202105/t20210525_1280789.html?code=_&state=123 (accessed on 18 October 2022).


http://www.nea.gov.cn/2016-02/02/c_135066586.htm
http://zfxxgk.nea.gov.cn/2021-06/20/c_1310039970.htm
https://www.ndrc.gov.cn/xxgk/zcfb/tz/201806/t20180601_962736.html
https://guangfu.bjx.com.cn/news/20191202/1024905.shtml
http://doi.org/10.1086/715624
https://news.stcn.com/sd/202208/t20220818_4806370.html
http://doi.org/10.1016/j.energy.2020.118924
https://www.ndrc.gov.cn/fzggw/jgsj/yxj/sjdt/201510/t20151019_986836.html?code=&state=123
https://www.ndrc.gov.cn/fzggw/jgsj/yxj/sjdt/201510/t20151019_986836.html?code=&state=123
http://fjb.nea.gov.cn/pufa_view.aspx?id=31434
http://doi.org/10.1016/j.enpol.2018.07.041
https://www.ndrc.gov.cn/fzggw/jgsj/yxj/sjdt/201704/t20170410_986939.html?code=&state=123
https://www.ndrc.gov.cn/fzggw/jgsj/yxj/sjdt/201704/t20170410_986939.html?code=&state=123
https://www.dentons.com/zh/insights/articles/2022/april/4/current-situation-and-trend-of-power-market
http://m.eeo.com.cn/2018/0331/325786.shtml
http://www.npc.gov.cn/npc/c30834/201912/2b7568de01944c33b9326c325dcd498f.shtml
http://www.npc.gov.cn/npc/c30834/201912/2b7568de01944c33b9326c325dcd498f.shtml
https://m.huaon.com/detail/722186.html
https://m.huaon.com/detail/722186.html
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/201812/W020190905495739358481.pdf
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/201812/W020190905495739358481.pdf
http://www.gov.cn/xinwen/2019-05/16/content_5392082.htm
http://cnste.org/html/zixun/2021/0210/7551.html
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202105/t20210525_1280789.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202105/t20210525_1280789.html?code=&state=123

Energies 2023, 16, 905 16 of 16

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

National Development and Reform Commission, Ministry of Finance, National Energy Administration. Notice of the Three
Departments on the Trial Implementation of the Renewable Energy Green Power Certificate Issuance and Voluntary Trading
System, The Website of the Government of The People’s Republic of China. 2017. Available online: http:/ /www.gov.cn/xinwen/
2017-02/03/content_5164836.htm (accessed on 14 October 2022).

National Development and Reform Commission. National Development and Reform Commission and National Energy Admin-
istration: Guiding Opinions on Accelerating the Construction of a National Unified Electricity Market System. The Website of
National Development and Reform Commission. 2022. Available online: https://www.ndrc.gov.cn/xxgk/zcfb/tz/202201 /202
20128_1313653.html?code=&state=123 (accessed on 15 October 2022).

Zhejiang Province Commission of Development and Reform; Zhejiang Province Energy Bureau and Zhejiang Supervisory Office of
National Energy Administration. Notice on the Launch of Zhejiang Province Green Electricity Marketisation Pilot Scheme in 2021,
The Website of the People’s Government of Zhejiang Province. 2021. Available online: https:/ /zjjcmspublic.oss-cn-hangzhou-
zwynet-d01-a.internet.cloud.zj.gov.cn/jems_files /jems1/web2944 /site /attach /0/9d07d46e5a344e42a2fa7befc626578e.pdf (ac-
cessed on 18 October 2022).

North China Supervisory Office of NEA. Notice from North China Supervisory Office of the National Energy Administration on
the Printing and Distributing of the Beijing-Tianjin-Hebei Green Electricity Marketized Transaction Rule and Implementation
Rules for Supporting Priority Scheduling. The website of State Power Rixin Tech. 2020. Available online: https://www.sprixin.
com/uploads/soft/210225/1-210225143642.pdf (accessed on 18 October 2022).

Xinhua News. The Official Commission of China’s Pilot Renewable Energies Trading, The Website of the Government of The
People’s Republic of China. 2021. Available online: http:/ /www.gov.cn/xinwen /2021-09/07 /content_5636072.htm (accessed on
18 October 2022).

Zhang, Y.; Wu, K. Exploring Green Electricity Trading: Urgently Needed to Renewable Link-up Electricity Certification and
Carbon Market, The Website of ESCN. 2022. Available online: https://www.escn.com.cn/news/show-1427064.html (accessed on
18 October 2022).

National Development and Reform Commission; Ministry of Industry and Information Technology; Ministry of Housing and
Urban-Rural Development; Ministry of Commerce; State Administration for Market Regulation; National Government Offices
Administration; Government Offices Administration of the CPC Central Committee. Notice of the National Development and
Reform Commission and Other Departments on Printing and Distributing the “Implementation Plan for Promoting Green
Consumption”, The Website of National Development and Reform Commission. 2022. Available online: https://www.ndrc.gov.
cn/xwdt/tzgg/202201/t20220121_1312525_ext.html (accessed on 18 October 2022).

IEA. Special Report on Solar PV Global Supply Chains, July 2022. Available online: https://www.iea.org/reports/solar-pv-
global-supply-chains (accessed on 4 January 2023).

National Development and Reform Commission; National Energy Administration; Ministry of Finance; Ministry of Natural
Resources; Ministry of Ecology and Environment; Ministry of Housing and Urban-Rural Development; Ministry of Agriculture
and Rural Affairs; China Meteorological Administration; National Forestry and Grassland Administration. The Renewable
Energy Development Plan in the 14th Five-Year Plan Period, The Website of National Development and Reform Commission.
2021. Available online: https:/ /www.ndrc.gov.cn/xwdt/tzgg /202206 /t20220601_1326720.html?code=&state=123 (accessed on 17
October 2022).

Hi-tech Department of NDRC. Episode 4 of the Introduction of “Eastern Data and Western Computation” Program: Accelerating
“Eastern Data and Western Computation” Program and Nurturing the Computation Economy, The Website of National Develop-
ment and Reform Commission. 2022. Available online: https:/ /www.ndrc.gov.cn/xxgk/jd/jd /202203 /t20220315_1319459.html?
code=&state=123 (accessed on 18 October 2022).

Han, B. China’s Renewables 14th Five-Year Plan: Official Targets to be remarkably outpaced? S&P Global Commodity Insights.
Available online: https://www.spglobal.com/commodityinsights/en/ci/research-analysis/chinas-renewables-14th-fiveyear-
plan-official-targets.html (accessed on 4 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://www.gov.cn/xinwen/2017-02/03/content_5164836.htm
http://www.gov.cn/xinwen/2017-02/03/content_5164836.htm
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202201/t20220128_1313653.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202201/t20220128_1313653.html?code=&state=123
https://zjjcmspublic.oss-cn-hangzhou-zwynet-d01-a.internet.cloud.zj.gov.cn/jcms_files/jcms1/web2944/site/attach/0/9d07d46e5a344e42a2fa7befc626578e.pdf
https://zjjcmspublic.oss-cn-hangzhou-zwynet-d01-a.internet.cloud.zj.gov.cn/jcms_files/jcms1/web2944/site/attach/0/9d07d46e5a344e42a2fa7befc626578e.pdf
https://www.sprixin.com/uploads/soft/210225/1-210225143642.pdf
https://www.sprixin.com/uploads/soft/210225/1-210225143642.pdf
http://www.gov.cn/xinwen/2021-09/07/content_5636072.htm
https://www.escn.com.cn/news/show-1427064.html
https://www.ndrc.gov.cn/xwdt/tzgg/202201/t20220121_1312525_ext.html
https://www.ndrc.gov.cn/xwdt/tzgg/202201/t20220121_1312525_ext.html
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.ndrc.gov.cn/xwdt/tzgg/202206/t20220601_1326720.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/jd/jd/202203/t20220315_1319459.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/jd/jd/202203/t20220315_1319459.html?code=&state=123
https://www.spglobal.com/commodityinsights/en/ci/research-analysis/chinas-renewables-14th-fiveyear-plan-official-targets.html
https://www.spglobal.com/commodityinsights/en/ci/research-analysis/chinas-renewables-14th-fiveyear-plan-official-targets.html

	Introduction 
	The 2002 Electricity Market Reforms and the Renewable Energy Law 
	The Introduction of FiTs during 2009–2013 
	The 2015 Reforms to Set Up a Multiple-Layered Market 
	Acceleration of Reforms since 2020 
	Renewable Portfolio Standards (RPS) 
	Market for Green Electricity 

	Concluding Remarks 
	References

