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ABSTRACT

Financial incentives play a key role in promoting renewable energy investments that can help China achieve the
‘dual carbon’ goal. The national emissions trading scheme (ETS) and the renewable energy portfolio standard
(RPS) are two existing market-based policy instruments that can generate stable expected returns for low-carbon
projects. This paper studies the interactive distribution effects of these two market-based instruments. We use
the micro-level thermal power plant data to investigate the abatement effects of the national ETS, in which the
details show that the existing rate-based ETS will result in higher negative impacts on power units, whose installed
capacities are smaller than 400 MW. The interactive distribution effects between the two markets will occur when
the permit allocation standards of the national ETS become stricter than the existing ones. Provinces in Eastern
China and Northern China will face high pressure on costs in both ETS and RPS markets. When the levels of the
permit allocation standards are set as 70% of the existing ones and the carbon price is assumed to be 200 yuan/ton
in 2030, the annual market size of the national ETS will be nearly 100 billion yuan, and the annual market size is
predicted to be 250 billion yuan. In the existing rate-based national ETS, the China Certified Emission Reduction
(CCER) mechanism will have an offsetting effect, which should be taken into serious consideration during the

Policy interactions
China certified emission reduction
Distribution effect

policy-making processes in the future.

1. Introduction

The goal of "carbon peak and carbon neutralization" (hereinafter re-
ferred to as the "dual carbon" goal) has become China’s national strategy
since 2020. In order to achieve the dual carbon goal, China requires a
huge number of green investments along with climate policies. For ex-
ample, it is estimated that China needs to invest about 22 trillion yuan
by 2030 and about 139 trillion yuan by 2060. Among these investments,
the annual demand for green investment to achieve the "carbon peak"
from 2021 to 2030 is about 2.2 trillion yuan/year [1]. For a long time,
the effectiveness of green investment and financing has been weakened
by the lack of unified standards, imperfect information disclosure mech-
anism, low proportion of ESG investment, low project returns, etc. [2].
The basic approaches to achieving carbon peak and carbon neutraliza-
tion include developing renewable energies, promoting terminal electri-
fications, improving energy efficiencies, and developing carbon removal
technologies [3-5]. The key action that can solve these issues is to im-
prove the expected rate of return of green investment projects by realiz-
ing the internalization of positive externalities of green projects and the

* Corresponding author.
E-mail address: wulibo@fudan.edu.cn (L. Wu).

https://doi.org/10.1016/j.fmre.2022.03.020

financial additionality for the investors [6]. The national emissions trad-
ing scheme (ETS) and the renewable energy portfolio standard (RPS) are
two existing market-based policy instruments that have the potential to
achieve these targets [7,8]. Therefore, this paper attempts to study the
interactive distribution effects of these two market-based instruments.
From 2022 to 2030, the market-based policy instruments such as
carbon emission trading and renewable energy portfolio standards are
expected to become the main driving force for China to achieve the
dual carbon goal [9]. There are several reasons for this trend. Firstly,
China’s policy practices show that there are disadvantages in the emis-
sions reduction policy based on the direct intervention of the govern-
ment [10]. For example, renewable energy subsidies bring pressure on
the public financial system. The national feed-in-tariff subsidies for re-
newable energies began in 2012 and ended in 2021 due to the accu-
mulating fund gaps. Secondly, market-based instruments can help im-
prove the efficiencies of resource allocation and ensure that the emis-
sions reduction constraints can be flexibly adjusted according to the
economic situation. In August 2021, the Ministry of Finance made it
clear in its official reply to the deputies’ suggestions on renewable en-

2667-3258/© 2022 The Authors. Publishing Services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.fmre.2022.03.020
http://www.ScienceDirect.com/science/journal/26673258
http://www.keaipublishing.com/en/journals/fundamental-research/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fmre.2022.03.020&domain=pdf
https://cstr.cn/BRID-05962.00.91523
https://cstr.cn/BRID-03107.00.79808
mailto:wulibo@fudan.edu.cn
https://doi.org/10.1016/j.fmre.2022.03.020
http://creativecommons.org/licenses/by-nc-nd/4.0/

H. Qian, R. Ma and L. Wu

ergy subsidies that it is not appropriate to use special treasury bonds
and special bonds of local governments to alleviate the subsidy bur-
den. The environmental benefits of renewable energies should be sub-
sidized through market-based mechanisms such as green certificate and
carbon emission trading [11]. Thirdly, the imbalance in the geograph-
ical distribution of China’s natural resources and energy consumption
activities indicates the importance of the transfer of funds among its
own regions. The economies in eastern coastal areas are relatively de-
veloped with high energy demand, while the western inland areas that
are rich in natural resources are lagging behind economically. If the
eastern revenues can be leveraged so they flow into the western econ-
omy by the market-based instruments, China can not only achieve an
energy revolution, but also reduce the imbalance of regional economic
development.

The research content and innovation points of this paper mainly lie
in two aspects. First, we construct a micro-level thermal power plant
dataset. Differing from the top-down analyses using macro models,
which take the industry as a whole, this paper uses micro-level data
to conduct the ex-ante policy evaluations. This is imperative for China’s
current national ETS is rate-based and depends on plant-level hetero-
geneities [12]. Secondly, we calculate the monetary distribution effect
and summarize the policy interaction mechanisms of the national ETS
and RPS. These two policies with internal interactions constitute the
driving basis for the development of China’s renewable energy in the
future. The calculations show that if the permit allocation standards are
tightened to less than 80% of the current standards, the interaction be-
tween the national ETS and the RPS market will occur. Then the emis-
sions reduction costs borne by the central and western provinces in the
ETS will be alleviated by selling renewable energy green certificates in
RPS market, and the green certificate revenue can be used to support
the development of renewable energy endowments in the central and
western provinces. With intensive consumption, the eastern provinces
will face the dual pressure of renewable energy green certificate and
carbon emission permit as the outflow of provinces will support the de-
velopment of renewable energy. According to the scenario of tightening
permit allocation standard to 70% of the current standards by 2030,
the proportion of renewable energy power in consumption is required
to reach 40%, the carbon price to be 200 yuan/ton, the annual distri-
bution scale generated by the national ETS through the power industry
be close to 100 billion yuan/year, and the distribution scale of RPS and
green certificate trading be close to 250 billion yuan/year. The top six
provinces to gain money inflows are Yunnan, Sichuan, Fujian, Qinghai,
Gansu, and Hubei, with a net inflow larger than 10 billion yuan per year.
The top six provinces in terms of net outflow are Shandong, Jiangsu,
Henan, Anhui, Shanghai, and Hebei, with the outflow approaching or
exceeding 15 billion yuan per year. Meanwhile, the policymakers should
consider relaxing the use proportion of China Certified Emission Reduc-
tion (CCER) in the ETS, and avoid double counting and distorting market
incentives by local interests.

The remainder of this article is organized as follows. In Section 2,
we introduce the background of China’s carbon pricing mechanisms and
discuss how the policies can help solve the green financing gap and pro-
mote the development of renewable energy generation. Section 3 ex-
plains the scheme of research design in this paper. Section 4 presents
the main results of the simulation and the discussion of the important
mechanisms. Section 5 gives the concluding remarks.

2. Literature review

The expected rate of return and risk are the key elements for in-
vestors to evaluate benefits and costs when making investment deci-
sions. From the perspective of cost minimization of power system, re-
newable energies such as wind power and solar PV are less attractive
than the traditional thermal power plants due to their intermittence. Re-
newable energies needed to bear the system consumption cost, which is

325

Fundamental Research 4 (2024) 324-333

caused by their volatilities, and additional actions such as bearing the
costs of auxiliary services and purchasing energy storage facilities, are
required to balance the market condition of the power sector [13,14].
Similar to other countries around the world, China has implemented
non-market approaches to promote the development of renewable en-
ergies for a long period of time. However, high renewable energy sub-
sidies among other non-market approaches led to overinvestment along
with debt problems. Furthermore, the renewable energy policies had
shifted to auction policies and the adoption of renewable portfolio stan-
dard policies [15]. The renewable energy portfolio standards (RPS) set
mandatory requirements on the proportion of renewable energy power
consumption on the power demand side; this mechanism is called “re-
newable energy power consumption responsibility weight” in China.
The required weight can be accomplished by either consuming green
electricity or purchasing green certificates in the RPS market. Since
China’s renewable energy endowments are highly spatial imbalanced,
regions with less endowments are expected to pay more to purchase
green certificates that are generated from the regions with more renew-
able energy endowments [16].

Another important market-based instrument is China’s national ETS.
China has launched nine provincial and city-level pilot ETSs since 2013
and their main target was to gain experience to prepare for the national
ETS. Several studies that used firm-level data had verified that the pilot
ETSs can successfully induce the firms’ innovations in low-carbon tech-
nologies [17,18], and reduce carbon emissions of firms in non-power
sectors [19]. Meanwhile, the abatement effects were not found in power
plants that are covered in the pilot ETSs [19,20]. Considering that China
has very unequal distributions of wind and solar resources and that local
governments are primarily responsible for designing and implementing
the pilot ETSs [21,22], the decisions made by local decision-makers can
only be optimized at local level, not at national level. This disadvantage
can be alleviated by the official launch of national ETS. In the initial
stage of national ETS, only thermal power plants are covered, and car-
bon permits are allocated based on the benchmarking approach, which
aims to give incentives to power plants to improve energy efficiencies
[12].

In terms of revenue, the effects of the two policies are different. The
theoretical foundations of ETS and RPS are pricing the environmental
externalities [23,24]. The difference between the two is that ETS in-
ternalizes the negative externality cost of greenhouse gas emissions, so
the emitter bears a higher cost and will be encouraged to reduce total
emissions, which improves emission efficiencies. The RPS internalizes
the positive externality benefits of renewable energy power generation.
Compared to the fixed feed-in tariff, the advantages of market-based in-
struments lie in the flexibility of subsidies and fewer dependencies on
government supports. Compared to the RPS’s positive impacts on the
development of renewable energies, the impacts of ETS on promoting
renewable energies are less obvious but can be demonstrated through
three aspects.

Firstly, ETS can increase the cost of fossil energy consumption
through carbon price channels, reduce fossil fuel consumption, and im-
prove the relative competitiveness of renewable energy, as shown in
EU-ETS [25,26]. However, since the power plants can pass additional
carbon costs through the downstream, the impacts might not be sig-
nificant in practice [27]. Although the researchers found that the ETS
has relatively small impacts on the development of renewable energies
when compared to feed-in tariff policies, it accelerated the investment
in energy efficiency innovations as well as carbon capture technologies
[28-30]. Furthermore, the impacts of ETS on power plants can also bring
different types of co-benefits. For example, coal-fired power plants us-
ing wet cooling technologies will bring vast pressure on local water re-
sources, especially for regions such as Northwestern China [31]. Besides,
regulating coal-fired power plants that discharge air pollutants such as
SO, and NO, will lead to potential co-benefits in terms of air pollutant
reductions as well as health improvement [32-35]. As a result, the car-
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bon market will bring significant benefits when all the fossil-fuel-related
externalities are taken into account.

Secondly, after the introduction of permit auction in ETS, the rev-
enues can be used to support the development of renewable energy.
Generally speaking, the recycling mechanism of carbon revenue plays
an important role in designing the carbon market [36, 37]. From the
perspectives of welfare and public economics, a good design of recy-
cling mechanism can definitely reduce the existing distortions in the
whole society and improve social welfare. Since the long-term goal of
climate policy is to actualize the low-carbon transformation process,
achieving intertemporal optimization is crucial amongst other topics
that deserve to be investigated. Among these topics is financing the
development of renewable energies and low carbon technologies, in
which will hold great value in the long-term transformation [38]. Us-
ing the revenues from the carbon market to support the low-carbon
transformation is also common in practice. For example, according to
the Report from the European Commission, around 80% of the rev-
enues from 2013-2017 were used or planned to be used for climate and
energy purposes [39]. Within the revenue, 37% was used for renew-
able energies, 36% for energy efficiency projects, 10% for sustainable
transportation, 8% for research and development, and 9% was used for
other domestic or EU expenditures. The California ETS and RGGI set
a higher proportion of household and corporate subsidies in a broader
sense, but they still set aside certain proportions of the revenue to sup-
port the development of clean energies. According to the California
Climate Investments 2018 Annual Report, 7% of California ETS’s rev-
enue was used for clean energy and energy efficiency projects, 14% for
natural resources and waste diversion, at least 35% to subsidize low-
income families and communities, and the rest was used for sustainable
transportation [40].

Finally, in order to encourage fossil energy producers and consumers
to achieve low-carbon transformation, offset mechanisms, which allow
emitters to offset a certain proportion of greenhouse gas emissions, are
designed in the carbon market. Revenues generated by the offset mech-
anism such as purchasing CCER constitute a potential source of revenue
for supporting renewable energies®. At the moment, covered power
plants are allowed to adopt offset measures in the national ETS, but
the upper limit is tentatively set at no more than 5% of the perfor-
mance responsibility [12]. Due to the need to meet the principle of ad-
ditionality, non-hydro renewable power generation companies should
choose to verify their output as either CCER in ETS or green certifi-
cates in RPS, otherwise, it will cause double counting problems. There-
fore, there exists an internal conflict between the two market instru-
ments [41-45]. Until now, there have been many studies that focused
on the interactions between the two markets from either the theoretical
or empirical perspective at a regional level, but very few focus on the in-
teraction mechanisms from the micro-level perspective for China’s ETS
and RPS.

In addition, the market-based instruments also have disadvantages
that will increase the volatilities of revenues for supporting renewable
energies. Under the condition of electricity price marketization, the in-
crease in renewable energy penetration rate will reduce the value of
renewable energy assets by increasing the price fluctuation [45]. This
shows that clarifying policy roadmaps, measuring revenue distribution
effects of the two markets, and stabilizing market expectations are of
great significance for attracting investment and alleviating the gap in
the field of green financing and investment.

1 Since 2017, the National Development and Reform Commission has sus-
pended the CCER mechanism due to problems such as the oversupply of CCERs,
low pricing, and weak additionality. On August 6, 2021, the Beijing Green Ex-
change held a public tender for the national registration system and trading
system for voluntary emission reduction of greenhouse gases, which was inter-
preted as the imminent restart of CCER.

326

Fundamental Research 4 (2024) 324-333
3. Research design
3.1. Theoretic mechanisms

As an ex-ante policy evaluation, this paper puts forward the incentive
mechanism of the national ETS and RPS to support the development
of renewable energy. The incentive mechanism is composed of three
channels: the demand substitution channel, the emission offset channel,
and the revenue distribution channel.

3.1.1. Demand substitution channel

The renewable energy portfolio standard exerts a mandatory con-
straint on the structure of power sector in terms of the proportion of
renewable energy power. Let Q' denote the total electricity demand of
all the generation types, which is exogenous, Q" denote the supply of
renewable energy power, Q¢ denote the supply of thermal power plant
i, and Q" denote the supply of other types of generation that is exoge-
nously set.

The quantity of demand equals the total supply:

Q=0-0"-30¢ )

The portfolio standard constraint can be shown as follows:

Q > 0'xGCR (@)

Enhancing GCR, which stands for green certificate ratio requirement,
can directly stimulate the development of renewable energy. When the
cost of renewable energy is relatively high, setting a gradually increas-
ing GCR schedule will urge the power consumers to pay higher costs
to meet the share requirements and endogenously price the financial
additionality of renewable energy power.

3.1.2. Emission offset channel

When the carbon market allows the use of the emission offset mech-
anism for the performance responsibility, the carbon cost will drive the
participating plants to actively seek to purchase offset certificates such
as CCER from renewable energy power plants. In this paper, we assume
that the electricity generated from renewable energies can be verified
either as green certificate or CCER, and that double counting is not al-
lowed. When the carbon market is highly constrained, the proportion
of renewable energy power generation will exceed the level set by the
renewable energy portfolio standard.

Let CCER; denote the quantity of offset emission of plant i using
CCER, Q¢ denote the output level of the thermal plant i, e ifbench de-
note the benchmark coefficient of permit officially allocated with unit
as tCO,/MWH, and ef/ denote the emission factor of plant i with unit
as tCO,/MWh. Then the market clearance condition of carbon market
will be as follows:

;Qlc X efic.bench = ; (Q,C X efic - CCERI) (3)

When the certificate market of the renewable portfolio standard is
cleared, the output used for offset equals the total output of renewable
energy power minus the output used to fulfill the performance respon-
sibility of renewable portfolio standard Q' x GCR. Let e fgc denote the
conversion coefficient from electricity output to CCER with the unit of
tCO,/MWh. Then the market clearance condition of CCER market will
be as follows:

Y CCER; = (0"~ 0" X GCR) X efy @)
1

Eq. 4 shows that the two markets are endogenously related. With the
constraint of carbon emission trading scheme surpassing the financial
additionality required to support renewable energy power investment,
the power output of renewable energy driven by the offset mechanism
will exceed the requirements of renewable energy portfolio standard. Si-
multaneously, more renewable energy power will reduce offset demand
and achieve endogenous equilibrium through the demand substitution
effect.
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Table 1
Sample representativeness.
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Fuel type Variable Official Statistics in 2018(>6 MW) Sample Coverage

Coal Capacity (GW) 1007.94 861.87 85.5%
Power Generation(Billion MWh) 4.48 3.88 86.6%

Gas Capacity (GW) 83.13 64.78 77.9%
Power Generation(Billion MWh) 0.21 0.17 81.9%

Let baseline and equilibrium output level of thermal power plant be
0¢ and Q¢, respectively. Assume each individual power plant’s output

level will be adjusted proportionally. Qf could be written as QC x k,
where k ranges between 0 and 1. Combining Eqs. 1-4, we can get the
clearance of the two markets will be as follows:

Ei (616 Xk x efic,bench)

=3 (Oxkxeft) - [é’x(l -G6eR-0'-3, (0 xk)] X efge ©

The left-hand side of Eq. 5 is the supply of permits in ETS, which
includes free permits and auctioned permits. The sum of the officially
allocated permits can be treated as the cap of emission. The right-hand
side of the equation is the demand of permits in the national carbon
market, which includes the carbon dioxide emission and offset emission
by CCER. The adjustment parameter k can be solved endogenously as
follows:

_ O'x(1-GCR)Xe fo.—Q"Xe fy,
Yi(Ofxefy )+ X Ofxef{—X,; O xeff

i,bench

k

6

The parameter k can be interpreted in two ways. k in Eq. 6 is the
adjustment parameter for thermal power plant’s output, and its relation-
ship with the benchmark coefficient can be shown as dk/def, . > 0.
As a result, changes in k can be viewed as the emissions reduction ef-
fect from the ETS. In the second case, k is the coefficient in the pro-
cess of realizing endogenous equilibrium in the model, and it repre-
sents the degree of internal correlation between the two markets. In
the extreme case of ETS setting the strictest allocation rules, the bench-
mark coefficients would approach zero. Even then, the parameter k will
still be greater than zero, because electricity generated from thermal
power plants still exists. The gap between allocated permits and ac-
tual emissions is filled by CCERs®. Moreover, we can calculate the im-
pacts of adjusting benchmark coefficients on electricity generations from
thermal power plants and renewable energies as dQ/de fibemh > 0 and
00" /oe [C,bench < 0, respectively.

3.1.3. Revenue distribution channel

The "paid auction" mechanism of carbon permit is expected to be in-
troduced gradually in the national carbon market rules [12]. Let o, de-
note the ratio of auctioned permits, then the total amount of permits that

will be auctioned to thermal power plants equals ay,. X YOf X efS, .

The revenue from the auction can be used to provide sufﬁcient funds to
facilitate China’s low-carbon transformations by promoting renewable
energies, supporting low-carbon innovations, subsidizing low-income
families, and etc.

3.2. Data

In 2021, the Ministry of Ecology and Environment announced the
list of 2,225 power plants to be included in the national ETS. The
2,225 power plants are mainly composed of coal-fired and gas-fired

2 1t is worth noting that the amount of CCERs that are allowed to be used
in ETS may be limited. For example, China’s national ETS set the proportion
of CCER that can be used to offset emissions at 5%. If the proportion limits
are reached, then the stable relationships between market equilibrium prices of
CCER and permits will no longer exist.
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power plants. In this paper, we construct a micro-level thermal power
plants dataset, and collect the plant-level and unit-level data from var-
ious sources including Annual Compilation of Power Industry Statistics
(2018), Manual of National Power Units (2019), National Thermal Power
Unit Benchmarking and Competition (2018), Annual Compilation of China
Huaneng Group (2018) and Annual Compilation of China Huadian Group
(2018) [46-50]. After comparing our dataset with the official list, a to-
tal of 964 power plants with installed capacities greater than or equal to
100 MW are matched. Around 67% of the matched plants have unit-level
data, and around 2500 units are included in the dataset. Table 1 shows
that our dataset is a good representative sample with high coverage.
For coal-fired power plants, the total installed capacity and the power
generation of the sample data cover 85.5% and 86.6% of national to-
tal values, respectively. The thermal power plants excluded from the
sample data are mainly small size and captive power plants.

3.3. Scenario settings

3.3.1. Carbon market and permit allocation

According to the official rule, China’s national ETS adopts a rate-
based permit allocation approach [12]. Total permits allocated to power
plants contain two components: permits for heat supply and for electric-
ity supply. The permits for heat supply are calculated by multiplying the
benchmark for heat supplied and the actual heat supplied. Similarly, the
permits for electricity supply are first calculated by multiplying the cor-
responding benchmark for electricity supplied and the actual electric-
ity supplied®, then multiplying the following three adjustment factors.
Benchmarks adopted in the current national ETS are shown in Table 2.

First adjustment factor is the cooling method. This factor equals 1
for the water cooling mode and equals 1.05 for the air cooling mode.
Choices of the cooling mode are highly dependent on water resource
constraints in different regions [31], and power units with air cooling
mode generally have higher coal consumption rates of power supply.
The introduction of cooling method adjustment factor reflects the cir-
cumstance that environmental benefits have also been taken into con-
sideration.

Second is the heating adjustment factor. This factor equals 1-
0.22 x HR for coal-fired units and equals 1-0.6 x HR for gas-fired units,
where HR represents the heating ratio.

Third adjustment factor is the load rate. The load rate is calculated
by a piecewise function of the unit’s load rate. A unit’s load rate is equal
to its utilization hours divided by its operation hours. As the load rate
decreases, the load rate adjustment factor increases. From the technical
point of view, a unit’s efficiency will increase as the load rate increases.
Therefore, this coefficient is set to eliminate the negative impacts of load
rate on efficiencies. In China, the rapid development of renewable ener-
gies is leading to continuous declines in thermal power plants’ utiliza-
tion hours. The load rate adjustment factor can be viewed as a certain
kind of compensation for provinces that actively develop and consume
renewable energies. However, it undermines the restraint effect of the
carbon market on inefficient and uncompetitive units.

3 Benchmarks for electricity supplied depend on the category of the unit.
Specifically, the units participating in the national ETS are divided into four
categories including coal-fired units (below 400 MW), coal-fired units (above
400 MW), coal-fired units (using circulating fluidized bed), and gas-fired units.
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Table 2
Benchmarks adopted in the national ETS in China (2019-2020).
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Type Capacity Benchmark for electricity Benchmark for heat supplied

supplied (tCO,/MWh) (tCO,/GJ)

Conventional <400 MW 0.979 0.126

coal-fired unit >=400 MW 0.877 0.126

Unconventional - 1.146 0.126

coal-fired unit

Gas-fired unit - 0.392 0.059

Table 3
Parameters used in simulation.

Parameters Notation Setting

Total power generation o' According to the National Energy Administration’s "Letter on the Proposal for the 2021
Renewable Energy Power Consumption Responsibility Weight and 2022-2030 Expected
Targets" (hereinafter referred to as the "Expected Targets"), the electricity consumption
target for the whole society in 2030 is set as 11 billion MWh [54].

Power generation of other types o° We set the nuclear power generation accounts for 10% of total generation (the expected
target of China Nuclear Society and State Grid Energy Research Institute [55]), which is
set at 1.1 billion MWh.

We set the annual growth rate of gas-fired power generation as 10% after 2019 [53].
Gas-fired generation accounts for 6% of total generation which equals 0.66 billion MWh
in 2030.
Coal-fired power generation Z(Qf) Coal-fired power generation will increase by 6.2% in 2030 from 2019.
i

Required ratio in RPS GCR According to the “Expected Goals”, renewable energy accounts for at least 40% of total
generation, of which non-hydro renewable energy accounts for at least 25.9% of total
generation [54].

Benchmark in ETS ef{ vench The benchmarks are set based on the 2019-2020 national carbon market permit
allocation scheme [12]. We retain the differences between the various types, and tighten
the benchmarks by multiplying them by a certain proportion, such as 70% and 80%.

Emission factor eff The emission factor for coal-fired power generation is set as 2.6603 tCO,/MWh. The
emission factor for gas-fired power generation is set as 1.6257 tCO,/MWh.

CCER conversion factor efge According to the substitutions between renewable energy power generation and
coal-fired power generation, we set the conversion factor as 0.8 tCO,/MWh.

Price of permit in ETS P The exogenous carbon market price is set as 200 yuan/tCO,, and the equilibrium price

of green certificate is set as 160 yuan/MWh.

3.3.2. RPS and CCER

China’s RPS is designed by following a top-down method and is
named as “renewable energy power consumption responsibility weight”.
Electricity entities that cannot consume the minimum required propor-
tion of electricity generated from renewable energies must purchase cor-
responding green certificates to meet the requirements. The provincial
renewable energy excess consumption permit trading has been gradu-
ally launched since 2021. According to a draft document issued by the
National Energy Administration, in order to ensure the completion of
the target of non-fossil energy proportion in 2030, the total weight of
renewable energy electricity should be set at 40% for all regions, and the
weight of non-hydro renewable energy electricity at 25.9% in 20309.

China’s renewable energy endowments are distributed unequally, in
which results the central and the western regions having more renew-
able energy endowments compared to the other regions. In 2019, a total
of eight provinces have already met the 40% weight requirement [51].
Among these provinces, Yunnan, Sichuan, Hubei, Tibet, Qinghai are rich
in hydropower due to their abundant water resources and large terrain
differences. As a result, they are expected to generate more green cer-
tificates in the RPS market. In contrast, it is quite difficult for the eastern
coastal provinces to fulfill the 40% target due to the shortages in renew-
able energy endowments.

For the CCER market, the National Development and Reform Com-
mission had publicized a total of 2856 CCER projects for review at the
end of year 2021. Among these projects, 287 of them had been issued

4 Details can be found in Letter on Requesting the 2021 Renewable Energy
Power Consumption Responsibility Weight and 2022-2030 Expected Target Sug-
gestions, https://news.bjx.com.cn/html/20210210/1135968.shtml.

and 254 projects representing 52.94 MtCO, had released certification
reports [52]. These projects can be categorized into four different types.
The first type is the voluntary emission reduction project developed us-
ing the methodology filed by the national competent department, with
an emission reduction of 18.9 million tons. The remaining three types
are clean development mechanism (CDM) projects, with a total emis-
sion reduction of 34.04 million tons. Among them, the non-hydro power
projects (wind power, solar power generation, biomass power genera-
tion, and biogas) accounted for 45.7%, hydropower projects accounted
for 25.4%, and thermal power related projects accounted for more than
23.8%. With the further decline in the costs of solar PV and wind power,
the share of CCERs from non-hydro power projects is expected to in-
crease continuously in the future.

The intrinsic link between the RPS market and the CCER market has
been discussed in previous sections. In our model, we set no offset limit
for CCER usage so that the maximum offsetting effects can be inves-
tigated. Moreover, we also assumed that only CCERs from non-hydro
power projects can be used in ETS®.

3.3.3. Long-term macro variables

The target year for the simulation is 2030, and the parameters for
the key variables in 2030 are summarized in Table 3. China’s natural gas
consumption in 2020 was 316.3 billion cubic meters, of which natural
gas power generation accounts for 17% [53]. China’s natural gas con-
sumption is expected to be 520 billion cubic meters in 2030, of which
natural gas power generation accounts for 26%. We set the average an-

5 For most of the pilot ETSs, CCERs from hydropower projects are not allowed
to be used.
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Table 4

Scenario of provinces in year 2030.

Electricity consumption GCR

Provinces (million MWh) GCR (non-hydro)
Yunan 275.13 40.0% 28.2%
Sichuan 400.24 40.0% 19.2%
Fujian 364.83 40.0% 20.2%
Qinghai 108.71 40.0% 39.2%
Gansu 195.95 40.0% 33.2%
Hubei 336.65 40.0% 23.2%
Xinjiang 437.24 40.0% 27.2%
Liaoning 365.58 40.0% 26.7%
Guangxi 290.12 40.0% 23.2%
Ningxia 165.33 40.0% 35.2%
Inner Mongolia 557.25 40.0% 33.7%
Hainan 54.42 40.0% 21.2%
Guangdong 1018.14 40.0% 18.7%
Jilin 118.97 40.0% 34.2%
Tibet 11.8 0.0% 0.0%
Guizhou 234.02 40.0% 22.7%
Heilongjiang 151.06 40.0% 34.2%
Zhejiang 717.78 40.0% 21.7%
Hunan 283 40.0% 27.7%
Shanxi 343.91 40.0% 33.2%
Chongging 176.43 40.0% 17.2%
Shaanxi 256.76 40.0% 28.2%
Tianjin 134.89 40.0% 30.2%
Jiangxi 233.28 40.0% 25.7%
Beijing 176.84 40.0% 30.7%
Hebei 587.07 40.0% 29.2%
Shanghai 238.4 40.0% 17.7%
Anhui 350.86 40.0% 27.7%
Henan 512.25 40.0% 33.2%
Jiangsu 951.99 40.0% 24.2%
Shandong 951.06 40.0% 25.7%
Total 11000 40.0% 25.9%

nual growth rate of gas consumption for natural gas power generation
as 10%, which is close to the prediction mentioned.

For the growth of coal-fired power generation, we adopted an indi-
rect calculation approach. First, the electricity consumption target for
the whole society in 2030 is set as 11 billion MWh and the minimum
proportion requirement for renewable energy is set as 40% [54]. Nu-
clear power is assumed to account for 10% of the power generation in
2030 according to China Nuclear Power Society and State Grid Energy
Research Institute [55]. By subtracting the predicted power generation
from other types of power, we get the prediction of coal power gener-
ation in 2030. The coal-fired power generation is expected to increase
by 6.2% in 2030 from 2019 as the baseline.

The price of the permit in ETS is an important variable in estimating
the market size based on the market interactions. In this paper, the car-
bon price is exogenously set rather than endogenously determined. It is
because the marginal abatement cost curve (MACC) cannot be directly
estimated at a micro-level. For this consideration, we used an exoge-
nously determined carbon price that equals 200 yuan/ton to conduct
the analyses. The price will not affect the result of the structural impact
we are concerned about, but only affect the market sizes from market in-
teractions. A recent survey, conducted on relevant parties in the carbon
market, has supported the price level we set [52]. According to the sur-
vey results, the average expected carbon price in 2030 is 139 yuan/ton,
the 20% quantile expected carbon price is 200 yuan/ton, and the 80%
quantile expected carbon price is 50 yuan/ton. The survey also pointed
out that the market expectations on carbon prices have been gradually
improving over time.

Table 4 provides the provincial parameters that are calculated based
on assumptions and settings in Table 3 for ETS and RPS market. Total
electricity consumption and renewable energy power generation of the
provinces are allotted by using their 2019 value as the weights.
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4. Results
4.1. Plant-level distribution effect

The constraints of national ETS will tighten when the benchmarks
decrease. If the benchmarks are reduced proportionally to close to 80%
of the current standards, our results show that there will be shortages of
permits supply in the ETS, and the power plants will start to purchase
CCERs to offset their emissions. When the benchmarks are reduced pro-
portionally to 70% of the current standards, they are equivalent or close
to the efficiencies of gas-fired power plants. This is a strict constraint
imposed on coal-fired power plants because even the ultra-supercritical
coal-fired power units will have to purchase permits or CCERs in the
ETS for compliance if their allocated permits are not adjusted by adjust-
ment factors. In the remaining part of the paper, the results are derived
from the scenario that the benchmarks are set as 70% of the current
standards®.

The plant-level net surplus of permits when benchmarks are reduced
to 70% of the current standards are illustrated in Figs. 1,2. We can see
from Fig. 1 that more efficient power plants generally have higher net
surpluses of permits, but this correlation does not always hold up be-
cause the allocated permits may be affected by other factors. For ex-
ample, if the low efficiencies of some power units are caused by low
load rates, adjusting the load rate adjustment factor will significantly

6 Setting benchmarks to other standards such as 75%, 65%, or 60% level of

the current standards will not affect the structural problems that have been
discussed in this paper.
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Fig. 3. Money flow of province-level distribution effect.

reduce the gaps in these units. Similar adjustments can be used to pre-
vent the carbon market from having a greater impact on coal-fired units
undertaking peak shaving functions. On the other hand, this feature also
protects the units whose low load rates are caused by intrinsic inefficien-
cies.

The variance of net surplus ratio decreases as the size of power plant
increases. Fig. 2 shows that the variance of the permit surplus ratio of
the units below 400 MW is large, indicating that the small units are more
heterogeneous in terms of efficiency. The reason for this result can partly
be explained that the units below 400 MW include not only subcritical
units, but also a large number of ultra-high pressure and high voltage
units, and these units have quite different efficiencies. Another reason is
that even for the units below 400 MW with similar technologies, some
of them are constructed in the early period, so the older units tend to
have relatively low efficiencies. The rate-based scheme is expected to
accelerate the phase out procedure for small units with low efficiencies.
However, since many small-scale power plants take the responsibility to
supply heat, some of them may receive high compensations in permits
that will lead to higher ratios of net permits which can be found in Fig. 2.

4.2. Province-level distribution effect

The province-level distribution effect is illustrated in Fig. 3 and
Table 5 provides the detailed information. With the price of carbon per-
mit being at 200 yuan/ton, total market size of the two markets will
exceed 300 billion yuan, of which the market size of the RPS reaches
245.45 billion yuan, and the market size of the ETS reaches 96.25 bil-
lion yuan (including CCERs). It is reasonable that the market size of
the RPS market is larger than that of the ETS, because the RPS market
involves the stock of all types of renewable energies, while the ETS is
mainly based on the gap between the allocated permits and the actual
emissions.

The expected renewable energy generation reaches 45.2% (which ex-
ceeds the 40% requirement) due to the pulling effect from ETS through
mechanisms proposed in the theoretical analysis. Assuming that the
CCER or other nationally unified carbon emission offset mechanisms
can convert renewable energy power generation into carbon market
emission offsets, the tightening of carbon market permits will endoge-
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nously lead to the decline in thermal power generation and the growth
in renewable energy generation (including incremental renewable en-
ergy generation used to offset emissions).

According to the scale of net money inflow shown in Table 5, the
top six provinces in order are Yunnan, Sichuan, Fujian, Qinghai, Gansu,
and Hubei, and the net money inflow scale of these six provinces is more
than 10 billion yuan per year mainly because of the abundance in hy-
dropower, wind power, and solar power The top six provinces in terms
of net money outflow are Shandong, Jiangsu, Henan, Anhui, Shanghai,
and Hebei, with money outflow approaching or exceeding 15 billion
yuan per year. These provinces are mainly in the eastern and central
provinces since their renewable energy endowments are lower than that
of the western provinces, so it is necessary to purchase green certificates
to meet the requirements of RPS. In general, the interactions between
national ETS and RPS can alleviate the cost pressures in central and
western provinces. These revenues can be used to support the further
development of renewable energy endowments in central and western
provinces. By contrast, eastern provinces will face dual pressures from
both the ETS and RPS market.

4.3. Regional distribution effect

The regional distribution effect of the ETS and RPS market is illus-
trated in Fig. 4. Consistent with the provincial-level results, electricity
consumers in Eastern China, Northern China and Central China will be-
come the main fund contributors after the tightening of ETS. Table 6
shows that Southwestern China relies on their abundant hydropower
resources to obtain the highest money inflow, and the northwest ranks
second because of their wind and solar resources. The reasons for the
surplus in the South and Northeastern can be explained by their high
thermal power efficiencies and moderate natural resource endowments.

4.4. Discussion

4.4.1. The impact of market design on policy interaction mechanisms

Different market designs can affect the mechanism of policy interac-
tion and change the incentives of the two types of market-based instru-
ments.



H. Qian, R. Ma and L. Wu

Table 5
Province-level Distribution Effect through the Interacted Markets.
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Provinces Money from ETS Money into ETS Money from RPS Money into RPS Total surplus
Yunnan 2.4 0.5 54.6 0.0 56.4
Sichuan 0.0 0.9 52.5 6.4 45.2
Fujian 15.7 3.3 14.9 5.1 221
Qinghai 3.2 0.3 14.5 0.0 17.4
Gansu 5.1 1.5 11.1 0.0 14.7
Hubei 0.0 2.8 18.8 5.8 10.2
Xinjiang 6.9 1.2 6.3 3.0 9.1
Liaoning 8.9 1.8 8.1 7.0 8.3
Guangxi 1.9 1.5 5.9 0.0 6.3
Ningxia 4.3 3.0 4.1 0.8 4.5
Inner Mongolia 10.0 10.5 9.1 4.5 4.2
Hainan 2.6 0.3 2.4 1.4 3.3
Guangdong 21.3 8.1 20.2 30.4 2.9
Jilin 1.5 0.6 1.3 0.0 2.2
Tibet 0.4 0.0 1.8 0.0 2.2
Guizhou 0.0 3.4 7.2 2.8 1.0
Heilongjiang 1.2 0.8 0.7 0.9 0.2
Zhejiang 8.9 5.8 8.2 17.1 -5.7
Hunan 0.0 2.0 3.5 7.2 -5.7
Shanxi 1.1 5.0 0.6 2.8 -6.1
Chongging 0.0 1.3 0.0 6.0 -7.3
Shaanxi 0.0 3.6 0.0 4.3 -7.9
Tianjin 0.0 1.1 0.0 7.2 -8.4
Jiangxi 0.0 2.5 0.0 7.8 -10.2
Beijing 0.0 0.9 0.0 10.9 -11.8
Hebei 0.3 4.0 0.0 11.3 -15.0
Shanghai 0.0 2.2 0.0 14.2 -16.4
Anhui 0.1 5.3 0.0 13.8 -19.0
Henan 0.1 5.6 0.0 20.9 -26.3
Jiangsu 0.2 9.9 0.0 24.4 -34.1
Shandong 0.1 6.6 0.0 29.8 -36.3
Total 96.3 96.3 245.5 245.5 0.0

Eastern China

Central China

Southern China

Northern China

Southwestern China

- Northeastern China

. Northwestern China

Southwestern China

Northwestern China

Southern China

Central China

Eastern China

Northeastern China

Northern China

Fig. 4. Money flow of regional distribution effect.

The first design incorporates the proportion limits of CCER in ETS.
Currently, the national ETS limits the use of CCER to 5%. When there
is a cap on CCER, the further reduction in benchmarks means that the
market needs to introduce paid auctions to fill the permit gap. If the
paid auction revenue funds can be used to support the development
of renewable energy, they will also tend to flow into the regions with
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higher renewable energy endowments. Therefore, even with the CCER
limitations, the redistribution effects shown in this paper are of general
significance. Moreover, the theory of this paper also highlights that the
appropriate relaxation of CCER will weaken the mitigation effect of the
ETS, but it can strengthen the role of the carbon market by driving the
development of renewable energy. A key conclusion of this paper shows
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Table 6
Regional Distribution Effect through the Interacted Markets.
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Provinces Money from ETS Money into ETS Money from RPS Money into RPS Total surplus
Southwestern China 2.82 6.22 116.14 15.22 97.53
Northwestern China 19.55 9.64 35.88 8.11 37.68
Southern China 25.77 9.89 28.39 31.79 12.47
Northeastern China 11.66 3.16 10.03 7.84 10.69
Central China 0.12 10.36 22.24 33.80 -21.80
Northern China 11.38 21.46 9.67 36.58 -36.99
Eastern China 24.95 35.52 23.10 112.11 -99.58

that as long as the carbon market constraints are tight enough, relaxing
the limit of 5% of CCER offset ratio can stimulate the development of
new energy. At the same time, due to the substitution effect of the new
energy on thermal power, the offset mechanism will not produce the
uncontrolled growth of thermal power.

The second market design focuses on the double-counting issue. Al-
lowing the double-counting of renewable energy generation would dis-
tort carbon market prices. On the one hand, renewable electricity will
obtain double benefits, but on the other hand, the sharp increase in
the supply of CCER will significantly reduce the equilibrium prices in
the ETS and RPS, resulting in fewer incentives. Therefore, policymakers
should clarify the linkage between renewable energy power generation
in two markets as early as possible to avoid the double-counting issue.

The third design touches upon the hydropower issue. In this paper,
we assume that CCERs are all derived from non-hydro renewable en-
ergy sources. However, Yunnan, Sichuan and other provinces can still
receive large money inflows, which can be explained by the high pro-
portion of hydropower endowments in the local power structure. Cur-
rently, China’s CCER mechanisms are still in the process of restarting.
According to historical experience and requirement of additionality, we
allow non-hydro renewable power generation such as wind power and
solar power that can be verified as CCER. Although hydropower gen-
eration cannot be verified as CCER, it can be transformed into green
certificates that can be traded in the RPS market. According to the cur-
rent setting of China’s official documents, the renewable energy port-
folio standard (RPS) sets two objectives: the minimum proportion re-
quirement of non-hydro renewable energy power generation (excluding
hydropower) and the minimum proportion requirement of all types of
renewable energy power generation (including hydropower). Although
provinces with abundant hydropower cannot obtain revenue through
CCER from the national carbon market, they can still obtain revenue
through trading in the RPS market. From the perspective of non-hydro
renewable endowments, the advantages of the southwestern provinces
may be less significant because the development space is quite limited
in southwestern provinces [56].

4.4.2. The impact of intra-province transaction on policy interactions

Incentives of local governments are also important in the dynamic
process of transition [57,58]. We further consider that the local govern-
ments may require power plants to give priority to trading within the
province. The intra-province trading will not change the scales of net
money inflow and outflow, but reduce the incentives level of the ETS for
local plants. On the one hand, the heterogeneities among power plants
within each province make it possible to induce intra-provincial trading.
For example, under 80% of current standards, the intra-province trading
volume will be 15.2 billion yuan annually, which accounts for 37.1% of
the market size of ETS. On the other hand, as the number of free permits
decreases, the importance of intra-province trading will be reduced. For
example, under 70% of current standards, the intra-province trading
volume only accounts for 4% of the market size of ETS.

5. Conclusion

This paper studies the policy interaction mechanisms between
China’s two market-based policy instruments, one is the national ETS
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and the other is the RPS market. We conducted simulation analyses to
investigate the distribution effects caused by the interactions between
the two markets. Plant-level analyses show that permits allocations vary
greatly among power units due to the different efficiencies as well as the
adjustment factors. Strict constraints in ETS will lead to greater impacts
on small-scale power units below 400 MW. The provincial-level results
show that policy interactions between ETS and RPS market will occur
when the benchmarks of ETS are tightened to 80% of the current stan-
dards. When this ratio is further tightened to 70%, with the carbon price
as high as 200 yuan/ton, the annual market size of the national ETS is
expected to be close to 100 billion yuan, and the annual market size of
the RPS market to be close to 250 billion yuan in 2030. Regional re-
sults show that eastern and northern provinces will face dual pressures
from both ETS and RPS market, but money outflow from the provinces
in these regions can be used to support the nationwide development of
renewable energies.

This study reveals the importance of market design of the market-
based instruments in both fields of mitigating carbon emissions as well
as promoting renewable energies. Firstly, different benchmark settings
can be viewed as an important force to induce the interactions between
the two markets. As a result, the lax standards adopted in the current
national ETS should be reconsidered in the future to increase the effec-
tiveness of the ETS. Secondly, offsetting mechanisms, including CCER,
play an important role in connecting different markets. It is not only
the results generated by the markets, but also the important sources of
revenue that can be used to develop renewable energies. Thirdly, RPS
market itself is an important market player in terms of its sheer market
size. To avoid uncertainties that may occur in these markets, issues such
as double counting and hydropower qualification should be studied and
clarified as early as possible.
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