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Abstract: The importance of coal power in maintaining the security of the national power supply
and the stability of the grid is irreplaceable for China at present, as was reflected in the “power
shortage” event of 2021. To achieve the goal of carbon neutrality, the low-carbon transition paths
of coal power for each province were analyzed in the context of China’s emission trading scheme
(ETS). The prospect and importance of coal power was preliminarily analyzed first. Following the
“bottom-up” direction, the real option method was used to establish decision models for investing in
carbon capture, utilization and storage equipment (CCUS) and eliminating high carbon-intensive
units. Results showed that Inner Mongolia will first adopt CCUS in 2037 and the thresholds can be
met in all provinces before 2050. However, the ETS will not lead to the elimination of coal power
during the studied period. Combined with an evaluation of the development potential of coal power,
four transition paths were distinguished for Chinese provinces. Considering that China’s ETS is in
the developing stage, its full potential for stimulating the low-carbon transition of coal power was
further discussed. On this basis, several policy implications were provided.

Keywords: emission trading scheme; coal power; carbon capture utilization and storage; low-carbon
transition path

1. Introduction

The rapidly increased GDP of China supported by an energy mix dominated by coal
has resulted in the highest carbon emissions in the world [1]. To achieve the goals of
“carbon peaking” and “carbon neutrality”, a low-carbon transition across the domestic high
carbon-intensive industries is required [2]. As the primary sector of energy consumption,
the power sector accounted for 53% of national carbon emissions in 2019, and over 97% of
that comes from coal power [1]. The Government of China has formulated development
planning for the electricity system including the large-scale diffusion of variable renewable
energy (VRE) and the establishment of the world’s cleanest coal utilization system. With the
rapid development in recent years, China has become the biggest producer of solar power
and wind power. However, due to the limitations of the intermittent and fluctuating output
of VRE, low carbon-intensive coal power is expected to continue playing an essential role
in ensuring the security of power supply and maintaining the stability of the grid.

Considering the importance of coal power in China’s electricity transition, the feasi-
bility of its low-carbon development paths, which include the elimination of high carbon-
intensive capacity [3-5] and the adoption of carbon capture utilization and storage (CCUS) [6-9],
needed to be evaluated. Additionally, due to the regional differences in power demand and
resource endowment, this study was conducted from the provincial perspective. Taking as
reference the EU’s ETS, China began a domestic pilot for carbon trading in 2011, and coal
power enterprises were involved in the first version of the trading list. With the accumula-
tion of operational experience, the nationwide carbon trading market was launched in 2021.
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This newly emerged charging mechanism has the potential to promote the low-carbon
transition of China’s coal power.

The high carbon-intensive emitters are less motivated to make changes when the
negative externalities of carbon emissions are apportioned to the whole society [10-12]. On
this basis, carbon policy instruments were introduced in the early 2000s and the carbon
emission trading scheme was the most representative one [13,14]. The ETS was established
on a quota system and emitters need to trade for the right of excess emissions beyond
the free quota [15-17]. Given that the distribution of the emission quota is equitable and
finite, the enterprises with higher carbon intensity will experience more pressure for carbon
reduction [18-20]. The participants can make tradeoffs between paying the carbon cost
or conducting a low-carbon upgrade [21]. At present, the ETS is used as the primary
instrument of carbon policies worldwide [22,23].

The EU made the first attempt at carbon trading in 2005. The positive influence of the
EU’s ETS on low-carbon electricity transition has been studied by many researchers [24,25].
Results showed that with the increase of the carbon price and the proportion of the quota
auction, low generation approaches with low carbon intensity were more attractive to in-
vestors. It can indirectly lead to technological innovation and diffusion of low-carbon gener-
ation technologies [21,26] and the optimization of high carbon-intensive power plants [11].
The total CO, emissions of the EU have decreased by 23.6% from 2005 to 2019. Additionally,
the CO; intensity of the EU’s power sector has also decreased from 0.48 kg CO, /kWh to
0.23 kg CO,/kWh during the same period [1]. In terms of China’s ETS, some obstacles
were identified from the pilot experience [27,28] including: (1) a price discovery process
is still absent, which results in market rigidity and abnormal fluctuation of the carbon
price [13,29]; (2) more supporting policies are still needed for China’s ETS to adapt to the
complexity among different provinces, considering that few universal experiences have
been concluded from the pilots [30-32]. At present, the mechanism of China’s ETS for the
low-carbon transition of coal power is unclear, which needs to be further studied.

To reflect the advantage of the ETS for stimulating China’s coal power industry to
conduct the low-carbon upgrade [33], the research perspective can be transferred to the
level of the power enterprises participating in the trading process [34,35]. The effect of
the ETS can be directly reflected in the investment decisions taken towards the goal of
the decarbonization transition. Due to the uncertain features of the ETS, the real option
approach (ROA) is often adopted to replace the traditional discounted cash flow (DCF)
method to simulate the decision process [36,37]. According to the real option theory, an
item with low current profitability can be treated as an alternative option when its value
is expected to increase in the future, which matches the characteristics of the low-carbon
generation technologies in the context of the ETS [38,39].

Following the “bottom-up” direction, the prospects and paths of the low-carbon
transition of coal power in China’s provinces were studied based on the decisions of the
coal power plants. Based on the real option approach, the potential effects and mechanisms
of the ETS on this process were evaluated. To provide more specific insights for each
province, the regional differences of power demand, price and resource endowment were
taken into consideration. Our aim was not to argue against the importance and necessity
of coal power in the future low-carbon electricity system, but to explore the most suitable
development mode in the context of the ETS and the effective regulatory policies needed.

The remainder of this paper is organized as follows: Section 2 conducts a preliminary
analysis of the prospect and importance of coal power for each province of China. The
methodology of this study is established in Section 3. The numerical analytical results are
derived in Section 4. Further discussion is provided in Sections 5 and 6 concludes.

2. Current Status of Coal Power in the Provincial Power Supply

Due to the limitations of the domestic resource endowment, the electricity structure of
China was dominated by coal power before 2010. With the slowing down of the national
economy, as well as the rapid development of renewable energy, the proportion of installa-
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tion capacity of coal power had decreased from 73.4% in 2010 to 59.5% in 2019 [40]. On the
other hand, coal power still accounted for more than 70% of national power production
by 2019. In order to meet the enormous power demand, coal power needs to continue
playing an important role in the electricity mix [41]. In addition, in order to make up for the
fluctuating output of renewable power, coal power is also essential to maintain the stability
of the power grid [42].

On this basis, the importance and prospects of coal power for each province was first
analyzed, and it was measured using the proportion of coal power in provincial power
production (PC) and the self-sufficiency rate of electricity (SR), here Equations (1) and (2).

— EC
pC= )
E;
R= = 2
S C, (2)

where E. is the provincial production of coal power in MWh, and E; and C; are the total
production and consumption of electricity for each province in MWh.

As shown in Figure 1, all the provinces of China were positioned in a coordinate
system, where SR is the x-axis and PC is the y-axis, and four types were first distinguished.
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Figure 1. Role of coal power in the provinces of China.

The first type includes the provinces which are the main producers and exporters of
coal and have high PC and SR, such as Shanxi, Inner Mongolia, Xinjiang, Ningxia and
Guizhou. Additionally, the coal resources excavated in these provinces are also transmitted
to other regions of China in the form of electricity as an important component of the
national West-East Electricity Transmission Project. Considering the advantage of their
resource endowments and the responsibility to make up the shortage of electricity supply
in other provinces, coal power is estimated to continue taking a big share in these provinces
with great potential for low-carbon upgrading.
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The second type assembled the economically developed provinces having high PC
and low SR, and included Shandong, Jiangsu, Zhejiang, Guangdong, Henan, Hebei and
Liaoning. The huge power demand to maintain their large-scale economic development
is the common feature among these provinces. Due to the insufficiency of their water
resources and the low generation efficiency of VRE, coal power remains attractive for them.
Additionally, their capital advantage can reduce the difficulty of making the upgrade decision.

The third type included Beijing, Shanghai and Tianjin which have high PC and low SR.
Their electricity consumption is largely reliant on transregional transmission from other
provinces. Unlike the second type, these municipalities are in the process of eliminating
their internal coal power capacity. Coal power in these municipalities tends to be a flexible
power source used with VRE to make up for its intermittent and fluctuating output. In this
case, the PC of these municipalities is estimated to decrease continuously.

The fourth type describes the provinces with high SR and low PC. The main producers
of hydropower are concentrated in this quadrant, including Yunnan, Sichuan and Guizhou.
Combined with the trend toward developing VRE, coal power has shown the lowest
competitiveness in these regions. Apart from these four types, the other provinces are in
an intermediate position in the coordinate system, and they combine the features of the
identified types above with more complexity.

The importance and prospects of coal power in the provincial electricity mix was
preliminarily analyzed. However, with the launch of China’s carbon trading market, much
complexity and uncertainty were infused into the low-carbon upgrade of coal power. To
reflect these features, a quantitative analysis able to identify and evaluate the optional
transition path of coal power for each province was needed.

3. Methodology

The enterprise value (EV) was the key indicator determining low-carbon decisions.
The learning effect for niche technologies was considered. The high carbon-intensive coal
power capacity can receive the residual value of the equipment from the elimination path.
The CCUS device can largely reduce the carbon intensity of the fossil fuel power plants,
while the generation cost will increase at the same time [43]. Considering that CCUS
was widely recognized as the most effective tool for carbon reduction, it was adopted to
represent the low-carbon upgrade option for coal power plants under the context of China’s
carbon trading scheme. Other low-carbon and pollution control technologies, which are
also useful to improve generation efficiency and reduce the emission of gaseous pollutants,
were not included. On this basis, the decision model was established in the remaining part
of this section.

3.1. Carbon Price

Considering that the carbon cost embodied in the ETS is the primary reason for coal
power enterprises to make the decision of low-carbon upgrading, the trend of carbon price
was first depicted. As shown in Equations (3) and (4), the carbon price (P;) was assumed to
follow geometric Brownian motion [44-46]. On this basis, the Poisson jump process was
also adopted to depict the unpredictable fluctuation [47,48].

dP. = a P.dt + 0. P.dz. + P.dw 3)
0,1—¢

dw = { ! . 4)
v, 9

a¢, 0. and dz. denote the drift factor, standard deviation and the Standard Wiener
increment of the carbon price, respectively. The Poisson jump process (dw) is inserted such
that P. will fluctuate by the degree of ¢ with the possibility of ¢.
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3.2. Learning Effect of CCUS

The technical progress of CCUS can reduce the costs of its acquisition and maintenance
with the accumulation of installation capacity [49], shown as Equations (5) and (6).

o ( Ic] )
i\ )
Clz,t - Ca,Oe 0 (5)

o < Ic] )
i i, T id

Cint = Ci e 0 (6)
C;pand Cfn,t are the acquisition and maintenance costs at the time of t in yuan; ¢/, , and

¢!, are the initial costs in yuan; <y; denotes the learning rate; IC} and IC} are the current
and the initial installation capacity in MW.

3.3. Decision Model for the Paths of Elimination and Upgrading

The investment decisions of elimination and upgrading are optional with the increase
of the carbon cost. By contrast, they can also remain unchanged if the costs of the low-
carbon modifications exceed the carbon costs. The decision criteria depend on the indicator
of the expected enterprise value per unit installation capacity (EV; ;7), which is shown in
Equation (7).

Pop(1—e”078lT) - Poy(c1=8)(1—¢) (1—e %) ey Py (1—e (me)lT) ¢y p(1—eFHT)

- hrey + F(a)  unchanged

p—ac (p—ar) P
EVirr = | Peu(1-ement?) Pu,t(czfé)(1&%1;@*@*“)”) _ eszy,t((lgf;(')”“””) 3 c,,,,l(lfpf"””) hrpy— Car  decision T @)
Vi decision II

_ —(p—ae)LT _ _ X _p—(p—ar)LT
ay = ( = ><Cu,t - <h1’f1 - hrfz> Pue ) (hi’flCm,O - hT’fZCm,l) 1ottt (rpen —hrpe) (1 @ ))

pi-1

where LT denotes the remaining lifetime of the generation units in years; c,, o is the main-
tenance cost of the original units in yuan; c; and cp are the emission rates before and
after adopting the CCUS equipment in tCO,/MWh,; J is the free quota rate; and ¢ is the
proportion of carbon cost delivering to the electricity price; ey and ey, are the generation
efficiency before and after using CCUS in t/MWh. hr¢ and hrp, are the operation times
of the coal power plants before and after installing CCUS in hours. hr¢> hrp, when the
additional maintenance cost (c,,1 — ¢,0) is higher than the reduction of carbon cost by
CCUS, and vice versa. p is the discount rate; F(a) is the option value of exercising the
upgrading decision in the future; V; is the residual value of the generation equipment
in yuan.

From the perspective of the ROA, the transition opportunity of decisions (I) and (II) is
an American option [50]. The decision will be made when the critical conditions of the
thresholds are met, which takes the uncertain factors into consideration.

The value of the option F(a) to install CCUS or terminate the units was solved using
Ito’s lemma:

1

Eaczrxf +acaF'(a) — pF(a) = 0- (8)
The general solution of Equation (8) is A1aP1t + AyaP2, where B1 (>1) and B, (<0) are

the roots of F(B) = 0. To ensure F(a) — 0 when a — 0, A, is implied to be 0. Here B is

the only positive root of the characteristic equation [51]:

)
M+“cﬁl_(P+¢)+p(l_¢)ﬁl =0 ©)

The thresholds for installing the CCUS device on fossil fuel power plants (a}) and
eliminating the high carbon-intensive units (a7,) are solved as follows:

0—a, I (o—ar)

(10)

P&
( ((e1=0)hrp—(ca—8)hrp, ) (1—e) (1—e~b—0allT) |
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Based on the decision model, the thresholds for each province to conduct the low-
carbon transition on the internal coal power capacity were simulated. The trends of China’s
ETS were depicted in Table 1. The regular mode was set as the BAU scenario, which was
used to get the main results of the study. On this basis, the FC scenario was also established
to explore the full potential of the ETS for the low-carbon transition of coal power in the
section of discussion. The provincial data of coal price, power price and annual operation
time of different types of generation units were collected using the statistics data from
the website of the National Energy Administration and the Development and Reform
Commission of China. Additionally, some other factors affecting the decision results, such
as learning effects, price parameters, lifetime of the units and electricity marketization,
were depicted in Table 2.

Table 1. Indicator setting for China’s ETS.

Scenarios
Description Symbol
BAU FC
Drift rate of carbon price ¢ 0.03 0.05
Volatility of carbon price oc 0.03 0.05
Jumping range of carbon price @ 0.2 0
Jumping possibility of carbon price b4 —0.3 —0.5
Free quote rate 1 0.3 0
Delivering rate of carbon cost € 0.5 0
Annual reduction of the operation hours of the coal AL 30 30
power plants without CCUS
Table 2. Default values of related parameters.
Description Symbol Unit Value
. Drift rate of electricity price e - 0.02
Price [52] Drift rate of coal p};i}c)e o - 0.01
Discount rate [50,53] Discount rate 0 - 0.06
. Learning rate of CCUS Ir - 0.03
Learning effect [49,54] Increasir:gg rate of CCUS icggz - 1.05
Emission rate of coal plants without CCUS 1 tCO, /MWh 0.75
Technical indicators [55] Emission rate of coal plants with CCUS cp tCO, /MWh 0.075
- Generation efficiency of coal plants without CCUS er t/MWh 0.51
Generation efficiency of coal plants with CCUS e t/MWh 0.39
Lifetime [56] Overall lifetime of fossil power plants LTy year 40
Unit acquisition cost of coal power plants yuan/MW 4,999,950
Costs [55,56] Unit acquisition cost of CCUS device yuan/MW 3,749,963
S Unit maintenance cost of coal power plants without CCUS yuan/MW-year 25
Unit maintenance cost of coal power plants with CCUS yuan/MW-year 71
4. Results

4.1. Installing the CCUS Device on Operating Coal Power Units

For each province, the threshold value of the upgrading path is expected to decrease
with the increase of the carbon price, as shown in Figure 2. All provinces are estimated to
adopt CCUS technology in their coal power plants before 2050, and the average time to
achieve this decision is 2043. As one of the biggest producers of coal power, the critical
condition will first be reached in Inner Mongolia in 2037, followed by Xinjiang, Heilongjiang,
Shaanxi and Jilin between 2039 and 2040. According to the latest development planning,
Beijing will shut down all fossil fuel generation units in the coming years, but it still has the
potential to develop low-carbon coal power by 2041. In contrast, Tibet, Qinghai, Guangxi,
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Jiangxi, Fujian and Henan will be the last batch of provinces reaching the thresholds for
adopting CCUS.

. . . . 204
B Decreasing amplitude Decision Time 048
2046
2044
' y =
2042 §
>
|l
2040
| ‘ | 2038
I 2036
I T R R S R S SR S P P
FFFE LR TEFETEE PO F S
. NN SO SR N &8 P PO NP IR
'OOO‘) N /\‘}\Q‘\ TP & RE RN &% & L F o § O
NU) BN NS o
¥ ©
Provinces

Figure 2. Ranges and critical time of the upgrading path for each province.

The national average value of the threshold would drop from 440 yuan/t CO; in 2020
to 120 yuan/t CO, in 2050. At the same time, the carbon price is estimated to increase from
84 yuan/t CO, to 359 yuan/t CO,. The effects of China’s ETS on the provincial low-carbon
transition of coal power is further measured by the decreasing amplitude of the thresholds.
On this basis, Heilongjiang, Jilin and Beijing have shown the largest changes during the
simulation period. In contrast, Qinghai, Tibet and Yunnan are less sensitive to the increase
of carbon cost than other provinces.

Combined with the preliminary analysis in Section 2, all provinces of Type I will prefer
to adopt the upgrading path earlier than the national average time. The low generation cost
of these main coal-producing provinces can largely offset the costs of CCUS. Additionally,
the provinces surrounding them in Figure 1, including Shaanxi, Jilin and Heilongjiang,
can also reach these thresholds earlier than the average. In contrast, provinces of Type IV,
which have abundant renewable energy, tend to maintain their existing generation mode
of coal power without CCUS, which is consistent with the result for their surrounding
provinces, including Qinghai, Guangxi and Fujian. According to Equation (5), the electricity
price is negatively correlated with the difficulty to make the upgrade decision. As a result,
the economically developed regions, including the municipalities in Type II and some
provinces in Type III (Jiangsu and Zhejiang), find it easier to make this decision.

4.2. Eliminating High Carbon-Intensive Coal Power Capacity

Due to the limitation of the high acquisition cost, the adoption of CCUS is not appli-
cable for those coal power plants with a short remaining lifetime. With an increase of the
carbon cost, high carbon-intensive units with low generation efficiency are expected to be
eliminated from the electricity mix.

The technical indicators were shown in Table 2, and the remaining lifetime was set as
5 years. Based on the recovery rate of the residual value rate as 0.2, the national average
critical values of the elimination path will increase from 1874 yuan/t CO; in 2020 to
4509 yuan/t CO, in 2050, which are much higher than the synchronous carbon price. The
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internals of the thresholds for all provinces from 2020 to 2050 were depicted in Figure 3.
According to Figure 3, the elimination decision is not applicable for any province when
additional policy regulation is absent. Heilongjiang, Jilin, Beijing, Tianjin and Liaoning
have the highest thresholds, while Qinghai, Tibet, Xinjiang and Yunnan find it relatively
easier to adopt the elimination decision. Combined with the results of Section 4.1, it is
found that provinces adopting CCUS early will prefer not to follow the elimination path,
and vice versa.
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Figure 3. Ranges of the thresholds for the elimination path for each province.

4.3. Development Potential Evaluation of Coal Power

The EVs of the coal power enterprises in different provinces were simulated in this
section in the context of China’s ETS. The CCUS device is feasible to reduce the carbon cost
of coal power plants in the future. The investment decision of simultaneously installing the
CCUS device on new coal power units can be considered as a special case of the upgrading
decision where the lifetime is full (40 years). As shown in Figure 4, the critical time to
achieve the investment decision is between 2031 (Inner Mongolia) to 2042 (Jiangxi, Guangxi,
Tibet and Qinghai). Such results were consistent with those in Section 4.1.

The future profitability of coal power for each province during the studied period
was evaluated. Due to the fact that all provinces were estimated to install CCUS on new
coal power plants during the studied period, the results of the revenues before and after
adopting CCUS were integrated at the points when the thresholds were reached. Results are
shown in Figure 5, the bars and lines represent the range and growth rates of the EVs of coal
power generation units in each province from 2021 to 2050. The highest EVs are achieved
in Heilongjiang, followed by Jilin, Beijing, Shanghai and Tianjin. By contrast, Qinghai has
the lowest value for this indicator, followed by Tibet, Xinjiang, Yunnan and Fujian. Due
to the EVs of coal power plants being significantly influenced by the initial values and
the regional power price and coal price, the growth rate was more suitable to reflect the
potential of coal power in each province. Qinghai had the highest growth rate of EVs,
followed by Tibet, Fujian and Hebei. In contrast, the development potential of coal power
for Heilongjiang and Jilin was limited. Combined with the results presented in Figure 4, it
can be seen that the correlation between the potential to develop coal power units and the
willingness to adopt the CCUS device for Chinese provinces was not significant.
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Figure 5. Ranges and growth rates of the EVs of coal power plants for each province.

4.4. Provincial Low-Carbon Transition Paths of Coal Power

In this section, the provincial development trend of coal power in the context of
China’s ETS was comprehensively evaluated from the perspectives of eliminating backward
capacity, adopting CCUS on existing units and investing in new coal power capacity. Results
showed that the pressure from carbon cost was insufficient to stimulate the elimination of
high carbon-intensive coal power capacity. Therefore, the transition paths of provincial
coal power were distinguished by the other two aspects. Based on the mid values of the
thresholds for adopting CCUS and the growth rate of the EVs, four paths were laid out, as
shown in Figure 6.
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Figure 6. Suggested transition paths of coal power for each province.

The first path was to continue installing coal power capacity without CCUS. Provinces
with high thresholds to adopt CCUS and that have potential to develop coal power were
assembled in this path, including Fujian, Jiangxi, Henan, Guangxi and Tibet. On this basis,
provinces following the second path will develop coal power with CCUS, which includes
Hebei, Shanxi, Shandong, Guizhou, Ningxia and Xinjiang. By contrast, the third branch,
including Beijing, Tianjin, Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu,
Zhejiang, Hainan, Shaanxi and Gansu, will also maintain the present coal power capacity
and install CCUS on them. Additionally, the importance of coal power will decline in
Anhui, Hubei, Hunan, Guangdong, Chongging, Sichuan, Yunnan and Qinghai and CCUS
was not applicable for these provinces.

5. Discussion

The potential contribution of China’s ETS for the low-carbon transition of coal power
for each province of China was analyzed. Based on the experience of the EU’s ETS, there
will be an unpredictable jump in the carbon price. Apart from the free quota, a proportion
of the carbon cost will also be added to the power price. As a result, the influence of the
ETS on the low-carbon power transition is weakened. To demonstrate the full potential
of the ETS, a special scenario is designed which removes the Poisson jump process of the
carbon price and the participants undertake the full carbon cost (6 = 0, = 0).

The national average thresholds for the paths of elimination and adopting CCUS are
shown in Figure 7. The critical values for eliminating high carbon-intensive units in the
new scenario can be sharply reduced to be less than 20% of that in the BAU scenario. Due
to the fact that the thresholds were still higher than the carbon price over the same period,
this decision remained unfeasible. By contrast, the critical time for the upgrading path
would be brought forward from 2043 to 2030, and the thresholds will reduce greatly. As a
result of this, 14 provinces were eligible to adopt the upgrading decision before 2031.
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Figure 7. Thresholds for elimination and upgrading paths in the FC scenario.

6. Conclusions and Policy Implications

This study analyzed the transition paths of coal power for each province of China
in the context of the goals of carbon neutrality. Additionally, the potential effects and the
associated mechanism of China’s ETS for this process were also evaluated. Due to the
pressure of the carbon cost, the high carbon-intensive coal power units might be terminated
before the end of their lifetime. With the development of decarbonization technology,
CCUS is also optional for coal power capacity. Additionally, the development potential
of coal power was also evaluated. On this basis, comparative analysis between different
provinces was conducted.

Based on the indicators SR and PC, the importance and development trend of coal
power for the provincial electricity mix was preliminarily analyzed. Following the ‘bottom-
up’ direction, the transition path of coal power for each province was analyzed from the
perspective of the low-carbon investment decision using the real-option method. Results
showed that provinces which are the main producers of coal power (Inner Mongolia,
Xinjiang and Heilongjiang) prefer to adopt CCUS technology earlier than regions having
a high proportion of renewable power (Yunnan and Sichuan). In term of the elimination
path, the critical conditions were not met in any province during the simulation process.
Additionally, there was a mismatch between the development potential of coal power and
the applicability of adopting CCUS at the provincial level. On this basis, four transition
paths were identified and most provinces will install CCUS for their existing coal power
capacity, while the gap in power supply will be filled by other generation approaches,
mainly VRE.

To explore the potential of China’s ETS, the FC scenario was established which as-
sumed that a jump in the carbon price can be prevented and that the carbon cost is fully
undertaken by the emitters. In this scenario, the decision to adopt CCUS can be achieved
more than ten years earlier than in the BAU mode. By contrast, the elimination path
remained unfeasible, which meant additional policy instruments are needed to terminate
high carbon-intensive plants in advance.

Additionally, some policy implications are provided as follows:

(1) The fluctuation of the carbon price can significantly enlarge the thresholds for low-
carbon investment decisions. The government of China should maintain the stability
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of the carbon price through the establishment of an efficient management system.
Policy intervention is also optional at the current stage of the ETS.

(2) The allocation policy of the free quota is important to promote the utilization of CCUS
through improving the cost perception of coal power plants. The allocation plan
should take the goals of carbon reduction, the development stage of the ETS, as well
as the composition of the participants into consideration.

(3) The coal power plants equipped with CCUS can supply electricity with high stabil-
ity and low carbon intensity, which is not in contradiction with the goal of carbon
neutrality. Due to the regional heterogeneity in the future development paths of coal
power among the domestic provinces, the government of China should formulate
differentiated policies to achieve a comprehensive low-carbon transition.

Several further aspects remain outside the scope of this study. The allocation plan
for the free quota, including the Grandfathering and Industrial Benchmark methods, is
important for understanding the impact of the ETS on low-carbon investment decisions,
which can be absorbed into the model. In addition, comparison analysis of competitiveness
between coal power with CCUS and renewable power (wind and solar) under the carbon
emission trading scheme can be conducted in the future.
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