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A B S T R A C T

This study aims to decarbonize coal-fired power plants (CFPPs) in China through CO2 source-sink matching 
analysis. A comprehensive assessment of CO2 emissions from China’s CFPPs and the CO2 sequestration potential 
of oil and gas fields in China is investigated. A detailed CO2 source-sink matching analysis is performed. Af
terwards, the pros and cons of the associated CO2 capture, utilization and storage (CCUS) deployment are dis
cussed. There are CO2 emissions of 4,814.23 Mtpa from 972 existing CFPPs in China. The estimated CO2 storage 
capacity of 556 oil fields and 164 gas fields is 5.31 Gt and 5.50 Gt, respectively. Furthermore, there is a CO2 
reduction potential of 1.03 Gt to 5.12 Gt in the oil and gas fields in China by 2060. The investment cost for CCUS 
projects between 2030 and 2060 ranges from $26.5 billion to $167 billion. A net present value (NPV) of $12.4 
billion to $68.3 billion can be generated by deploying the CCUS projects. Finally, the top ten CCUS projects for 
the CFPPs in China are proposed.

1. Introduction

193 Parties have submitted autonomous contributions to climate 
change, covering 99 percent of global greenhouse gas emissions [1,2]. 
China has pledged to strengthen its contributions by adopting ambitious 
policies. It has set a strategic goal to reach peak CO2 emissions by 2030 
and attain carbon neutrality by 2060 [3–6]. As the world’s largest CO2 
emitter, China accounts for around 30% of global CO2 emissions [7,8]. 
Of this, carbon emissions from coal consumption account for 75% of 
China’s total CO2 emissions [9]. The power sector’s carbon emissions 

are predominantly from coal-fired power generation, which contributes 
about 48% of China’s total 12.1 billion tonnes of CO2 emissions in 2021 
[10]. The decarbonization of coal-fired power plants (CFPPs) over the 
next 40 years in China is important in achieving the climate target of the 
Paris Agreement [11,12].

While various decarbonization technologies exist, such as energy 
efficiency improvements, hydrogen production and utilization, and 
renewable energy sources, carbon capture, utilization, and storage 
(CCUS) stands out as a unique and indispensable technological pathway 
[13]. One of the key advantages of CCUS is its seamless integration with 
existing energy infrastructure. For instance, in high-emission industrial 
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sectors such as steel, cement, and chemicals, CCUS can directly capture 
CO2 emissions generated during production processes [14]. In addition, 
CCUS complements emerging low-carbon energy carriers like green 
hydrogen by facilitating carbon recycling, thereby improving overall 
resource efficiency.

Moreover, CCUS occupies both competitive and complementary 
positions within the broader decarbonization landscape [15]. Hydrogen 
energy is considered a critical alternative to fossil fuels [15]. However, 
hydrogen energy continues to face significant cost challenges in pro
duction, storage, and transportation. Most hydrogen production 
methods still rely on fossil fuels, which result in substantial carbon 
emissions and limit their net decarbonization potential. In contrast, 
CCUS can directly capture and permanently store CO2, thereby 
enhancing overall emission reduction outcomes. Furthermore, while 
renewable energy sources such as wind and solar offer promising 
decarbonization options, their intermittent nature constrains their 
ability to provide a stable and reliable power supply. CCUS provides a 
dependable solution for mitigating emissions from CFPPs without 
compromising power system reliability [16].

Retrofitting the CFPPs with CCUS is a reliable way for decarbon
ization needs [17]. The total installed capacity of CFPPs is 1,080 GW in 
China. Over 50% of the global CFPPs were located in China in 2020 
[18]. Notably, a large proportion of the CFPPs are relatively new. 
Around 80% of the CFPPs are in operation for less than 15 years [19]. 
The International Energy Agency (IEA) states that all unabated CFPPs 
without CCUS should be retired in China by 2045 to meet climate target 
[20]. The CCUS is broadly recognized as an essential technology for 
CFPPs to mitigate carbon emissions and progress toward net-zero targets 
[21,22]. Furthermore, the CCUS provides a viable solution for extending 
the operational lifespan of the CFPPs [23].

One of the challenges to retrofit the CFPPs with CCUS is the high cost 
[24]. The policy incentives of CCUS have been proposed [25]. The 
United States provides financial incentives for CCUS projects through 
the 45Q Tax Credit Act [26]. The European Union imposes a high carbon 
tax[27]. Besides, Canada plans to increase its carbon tax to $134 per 
tonne [24,28]. The national emissions trading scheme (ETS) in China is 
the world’s biggest carbon market [29]. On the other hand, carbon di
oxide enhanced oil recovery (EOR) enables large-scale CO2 sequestra
tion. It also generates economic benefits by improving oil and gas 
recovery and helps to offset the CCUS cost [30,31]. The CCUS projects 
have been successfully deployed in the Shengli oil field, Changqing oil 
field and Jilin oil field, etc [32–34]. CO2 storage in the saline aquifers is 
an alternative option for CCUS without the economic benefits of the 

Nomenclature

API Oil gravity, ◦

BCF Billion cubic feet
CCUS Carbon capture, utilization and storage
CFPPs Coal fired power plants
CO2 EOR Carbon dioxide enhanced oil recovery
GIS Geographic information systems
IEA International energy agency
MMP CO2 minimum miscibility pressure, MPa
MMbbl Million barrels
NPV Net present value, $
USD United states dollar, $
Gt 109 tonnes
Gtpa 109 tonnes per year
Mtpa 106 tonnes per year
Mt 106 tonnes
MW 106 W
T Temperature, ◦F

Table 1 
Previous studies on CO2 source-sink matching in China.

Studies CO2 sources and sinks Main conclusions

Lin et al., 
2024[41]

Source: 481 steel mills in 
China; Sink: saline aquifers

The average unit costs of CCUS 
under the low (30 %), medium 
(60 %) and high CO2 capture (90 
%) targets are $83, $91 and $118 
per ton of CO2, respectively.

Gu et al., 
2024[42]

Source: 135 steel mills; Sinks: 
97 oil fields and 58 saline 
aquifer blocks

CO2 source-sink matching of the 
111 steel mills screened can 
achieve a total of 420.07 million 
tons per year of CO2 reduction.

Wang et al., 
2024[43]

Source: Cement factories; 
Sink: 867 oil fields and saline 
aquifers in 24 sedimentary 
basins

To achieve carbon emission 
reductions of 20 %, 40 %, and 60 
% in China’s cement industry, the 
CCUS should be deployed in 229, 
445, and 627 cement plants, 
respectively. The corresponding 
estimated economic costs for 
these scenarios are CNY 79.4 
billion, 167.9 billion, and 269.5 
billion, respectively.

Wang et al., 
2024[44]

Source: 3,745 stationary 
plants in the power, steel and 
cement industries; Sink: 
onshore oil fields, saline 
aquifers, non-minable coal 
seams

The CCUS deployment capacity 
of 601.8 million tons per year to 
1203.5 million tons per year is 
planned. The unit supply chain 
cost ranges from $28.5 per tonne 
to $36.0 per tonne of CO2.

Sun et al., 
2024[45]

Source: 635 CFPPs; Sink: 
Offshore oil and gas basins

The CO2 storage capacity of 
China’s offshore sedimentary 
basins is estimated to be 767.3 
Gt, and the storage potential can 
reach 721.9 million tons per year 
through CO2 source-sink 
matching.

Tang et al., 
2023[3]

Source: 484 stationary CO2 

emission plants (coal-fired 
power generation, steel mills 
and cement factories, 
ammonia synthesis); Sink: Oil 
fields, saline aquifers

Capturing 174 million tons of 
CO2 annually by 2050 requires 
nearly 19,000 km of pipelines. 
12, 16, 20, and 24 inches 
pipelines account for more than 
65 % of the total pipeline length.

Dai et al., 
2023[46]

Source: 18 coal to oil projects; 
Sink: saline aquifers and oil 
fields

The deployment of CO2 EOR and 
storage in saline aquifers 
necessitates the construction of 
36 pipelines, with an average 
transport distance of 319.13 km.

Sun et al., 
2022[47]

Source: 1,591 power plants, 86 
steel plants, 335 cement 
plants, 70 oil refineries and 
581 ammonia plants; Sink: oil 
fields, coal seams and saline 
aquifers

The CO2 storage potential is 
approximately 3.6–4.6 Gt when 
utilizing all onshore oil fields for 
CO2 EOR.

Li et al., 
2022[48]

Source: 584 CFPPs; Sink: oil 
fields, saline aquifers

The best window for retrofitting 
China’s existing CFPPs will be 
closed soon. The cumulative CO2 

mitigation potential will drop by 
3.76 Gt–17.14 Gt (over 40%) if 
the CCUS deployment time is 
delayed by 10 years from 2025.

Zhang et al., 
2022[49]

Source: 194 fossil fuel power 
plants, 32 iron and steel 
plants, 39 cement plants, and 
13 oil refineries; Sink: gas and 
oil fields and saline aquifers in 
the offshore sedimentary 
basins in China between 
Shanghai and Hainan

The CO2 storage capacity of 
China’s offshore sedimentary 
basins is estimated at 76.73 Gt. 
These basins have the potential to 
store up to 721.9 million tons of 
CO2 annually.

Fan et al., 
2021[50]

Source: 607 CFPPs; Sink: 
saline aquifers and 412 oil 
fields

The storage capacity for CO2 in 
saline aquifers and oil fields 
exceeds 1,000 Gt and 5 Gt, 
respectively. 401 CFPPs can be 
matched for CCUS within 100  
km. The annual capacity for CO2 

sequestration is estimated to 
reach approximately 1,204 
million tons.

(continued on next page)
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additional oil recovery [35,36]. Therefore, oil and gas reservoirs are the 
preferable candidates for the CCUS projects in China.

CCUS source-sink matching can help to reduce the cost and increase 
the profit by considering the shared infrastructure, projected lifetime of 
CFPPs, CO2 transport distance, CO2 EOR potential, etc [37,38]. The 
successful implementation of CCUS depends on several critical factors, 
including effective CO2 source-sink matching, CO2 cost and oil price, 
cooperation among different companies, and policy support [39,40]. A 
summary of previous research on CO2 source-sink matching in China is 
presented in Table 1.

Previous studies on CCUS mainly focus on cost and benefits estima
tion, CO2 transport pipeline networks planning at regional scales 
[3,41,57], and point-to-point source-sink matching analysis within 
specific regions[48]. The above studies in Table 1 primarily consider 
saline aquifers as the main CO2 sinks. However, the large-scale CCUS 
deployment in saline aquifers in China is challenging due to the CCUS 
cost [58,59]. The economic benefit of CO2 EOR in the oil and gas fields is 
important for large-scale CCUS deployment in China [60].

This study addresses a critical gap in the existing research by opti
mizing CO2 source-sink matching between CFPPs and oil and gas fields 
in China. A comprehensive analysis of CO2 storage in China’s oil and gas 
fields is conducted. Afterwards, an economic analysis in different sce
narios is performed based on the CO2 source-sink matching. Most 
importantly, a layout of top ten CCUS projects considering the CFPPs 
lifetime, CO2 transport distance, and CO2 EOR potential is proposed.

2. Methodology

This study aims to establish an optimal CO2 source-sink matching 
framework for CCUS between CFPPs and oil and gas fields in China by 
2060. As shown in Fig. 1, a comprehensive assessment of CO2 emissions 
is conducted for 972 stationary CFPPs in China. Afterwards, the CO2 
storage capacity in 556 oil fields and 164 gas fields is evaluated. The CO2 
source-sink matching for CCUS in China is analyzed under varying 
constraints, including deployment timelines and source-sink distance. 
Finally, the economic feasibility of the CCUS deployment in China is 
investigated. Thus, the layout of the top ten CCUS projects is proposed.

2.1. CCUS source-sink matching modeling

In this study, a comprehensive investigation is carried out on 972 
CFPPs across China, with a combined installed capacity of 1,034.09 GW. 
CO2 emissions of the power plants are recorded [61,62].

On the other hand, the CO2 emissions from these CFPPs can be 
captured and sequestered in nearby oil and gas reservoirs. The amount 
of CO2 sequestered in the oil and gas fields can be estimated using the 
equations provided below [24,33,63]: 

mCO2 = ρCO2
× OGIP × Bg × R (1) 

mCO2 = ρCO2
× OOIP × Bo × (R + RCO2 ) (2) 

In this context, mCO2 represents the mass of CO2 stored, measured in 
kilograms; ρCO2 

denotes the CO2 density under reservoir conditions in 
kg/m3. OGIP refers to the original gas in place at standard conditions in 
m3, while OOIP indicates the original oil in place within the reservoir 
under standard conditions in m3. Bg represents the gas formation volume 
factor as a fraction, and R is the recovery factor prior to tertiary recovery 
in%; RCO2 refers to the CO2 EOR factor in fraction; Bo is the oil formation 
volume factor in rm3/Sm3.

CO2 EOR is advised for oil fields where the oil API gravity exceeds 
27◦ [24,64]. For oil fields with API gravity below this threshold, the CO2 
EOR is not recommended. If the oil sample is not available, the minimum 
miscibility pressure (MMP) for CO2 EOR can be estimated by the 
following equation [65,66]. If reservoir pressure surpasses the MMP, the 
CO2 EOR is assumed to be in miscible phase when estimating CO2 
storage in the oil fields. Otherwise, the CO2 EOR is considered in 
immiscible phase. 

MMP = − 329.558 +

[

7.727
(

8864.9
API

)
1

1.012
(
1.005T)

]

− 4.377
((

8864.9
API

)
1

1.012

)

(3) 

Where API is the specific gravity of crude oil; T represents the tem
perature of the reservoir in◦F.

Table 2 presents the parameters employed to calculate the CO2 
storage capacity of the oil and gas fields. In gas fields, CO2 injection not 
only enhances natural gas recovery but also directly affects the ultimate 
storage capacity and injection efficiency. The initial recovery factor for 
gas fields typically ranges from 70% to 80% [24,67], with a value of 
75% adopted in this study [67].

In oil fields, secondary recovery techniques typically involve water 
or gas injection to maintain reservoir pressure and enhance oil pro
duction. For secondary recovery, the recovery factor generally ranges 
from 30% to 40% [24,68], and a value of 35% is used in this study [24]. 
During the CO2 EOR process, the recovery factor increases depending on 
whether miscible or immiscible CO2 injection is applied. Studies show 
that in immiscible CO2 flooding, the recovery factor ranges from 4.7% to 
12.5%, with 8.5% adopted in this study [69,70]. In contrast, for miscible 
CO2 flooding, the recovery factor typically ranges from 8% to 15%, and a 
value of 12% is employed here [24,71].

Table 1 (continued )

Studies CO2 sources and sinks Main conclusions

Nakaishi， 
2021[51]

Source: 316 CFPPs; Sink: none The implementation of carbon 
capture technologies in 316 coal- 
fired power plants across China 
could lead to a reduction in CO2 

and SO2 emissions by 52 % and 
39 %, respectively. The 
corresponding reduction 
potentials for CO2 and SO2 are 
1.517 million tons and 3,773 
tons, respectively.

Fan et al., 
2020[52]

Source: 607 CFPPs; Sink: 17 
onshore sedimentary basins

The near-term CCUS projects can 
be deployed in Hebei, Xinjiang, 
Tianjin, Jiangsu, and Anhui.

Wang et al., 
2020[53]

Source: 765 CFPPs; Sink: 
saline aquifers and oil fields

Most of the captured CO2 can be 
stored in the Songliao, Bohai Bay, 
and North Jiangsu basins, 
especially in the saline aquifers. 
The total abatement cost for 
implementing CCUS is estimated 
to be $121.2 billion.

Li et al., 
2019[54]

Source: Coal chemical 
industry; Sink: saline aquifers

CO2 enhanced water recovery in 
China can mitigate 269 Mt of CO2 

at a unit cost of $12/ton to $30/ 
ton for industrial separation 
processes.

Wang et al., 
2018 [55]

Source: 108 CFPPs; Sink: 6 
sedimentary basins in North 
China.

The CO2 capture capacity from 
CFPPs in North China is 
estimated to total approximately 
22.8 Gt. The CCUS cost is 
estimated at around $78 per 
tonne of CO2. The required CO2 

transportation pipeline network 
is about 52,876 km.

Sun and 
Chen, 
2017[56]

Source: 218 fossil fuel power 
plants; Sink: 12 coalbed seams, 
4 oil field, 7 saline aquifers.

An investment of about $1.6 
billion is required for CO2 storage 
of 1,620 Mt in the Beijing- 
Tianjin-Hebei region in 
2020–2050. 2,200 km of 
pipelines need to be constructed 
for CO2 transportation.
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2.2. Economic analysis

The CO2 source-sink matching model for CCUS deployment includes 
the cost of capture, transportation, and sequestration [72,73]. The 
objective is to minimize the CCUS cost and maximize the CCUS profits. 
Economic assessment is integral to determining the viability of CCUS 
projects [74]. It includes CO2 capture, compression, pipeline, geo- 
utilization and storage [75,76]. A representative source-sink model is 
employed to estimate the costs and net present value (NPV) of the CCUS 
implementation in China from 2030 to 2060 [77,78]. 

y1 = min
∑k

t=1

∑m

i=1

(
at

iCt
i + at

iTt
i dt

i + at
iSt

i

(1 + r)t

)

(4) 

y2 = max
∑k

t=1

∑n

j=1

(
bt

j f t
j ηt

jOt
j

(1 + r)t

)

(5) 

NPV = max(y2 − y1) (6) 

In the cost stream, y1 represents cost of the CCUS projects, encom
passing CO2 capture, transportation, and storage in $; ai denotes quan
tity of CO2 captured in tons; Ci denotes unit cost of CO2 capture in $/t; Ti 

is the cost of CO2 transportation in $/t/km; di denotes distance between 
the CO2 source and sink in km; Si indicates cost of CO2 storage in $/t; r is 
expressed as a percentage, with a 5% discount rate included in this 
analysis.

In the revenue stream, y2 denotes the total income generated by 
CCUS projects, incorporating supplementary CO2 EOR in $;bi represents 
the CO2 volume stored within a CO2 EOR project in tons; fj indicates the 
oil-to-CO2 injection ratio in the CO2 EOR project in ton/ton; ηj indica
tes the conversion factor for oil quantities, translating tons to barrels in 
bbl/t; Oj corresponds the market value of oil price in $/bbl; cj refers to 
the amount of CO2 retained in oil and gas reservoirs in tons.

The implementation of CCUS is projected to span the period from 
2030 to 2060. 

2030 ≤ k ≤ 2060 (7) 

The number of CFPPs for CO2 emissions to be captured is 972. 

0 ≤ m ≤ 972 (8) 

There are 720 CO2 storage candidates nationwide, including 556 in 
oil fields and 164 in gas fields. 

0 ≤ n ≤ 720 (9) 

All captured CO2 is permanently sequestered in the oil and gas fields. 

Fig. 1. Proposed research framework for CCUS source-sink matching in China.

Table 2 
Parameters for estimating CO2 storage capacity in oil and gas fields.

Type of fields Recovery factor Input data

Gas fields The initial recovery factor in gas fields 75 [24,67]
Oil fields Oil recovery factor in the secondary oil recovery 35 [24,68]

Immiscible CO2 EOR 8.5 [69,70]
Miscible CO2 EOR 12 [24,71]

Table 3 
Parameters for CCUS economic analysis.

Parameters Value References

CO2 capture cost in CFPPs ($/t) 46 [79–81]
Onshore – pipeline transportation cost 

($/t/km)
0.03 [82,83]

Onshore –storage cost ($/t) 6 [81,83,84]
Onshore − pipeline construction cost 

($/km)
1,004,545 [85]

Conversion factor of oil from tons to 
barrel

7.3 [24,53]

Oil production/CO2 injection (ton/ 
ton)

0.15(Low)，0.2(Mid)， 
0.25(High)

[24,53]

Oil price ($/bbl) 80 ​
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∑k

t=1

∑m

i=1
at

i =
∑k

t=1

∑n

j=1
ct

j (10) 

Not all of the CO2 captured can be stored in the oil fields. Most of the 
CO2 is stored for CO2 EOR in the oil fields. The rest is stored in the gas 
fields. 
∑k

t=1

∑n

j=1
bt

j ≤
∑k

t=1

∑n

j=1
ct

j (11) 

The components analyzed in the economic study of CCUS use are 
shown in Table 3.

2.3. Basic assumption

The following assumptions are proposed in the CCUS source-sink 
matching. (1) This study focuses on CFPPs with an installed capacity 
of at least 600 MW, annual CO2 emissions exceeding 3 Mtpa, and a 

remaining operational lifespan of 15 years or above in 2030. The life
time of the CFPPs is 40 years [48,86]. (2) CO2 EOR is considered as the 
top priority in the CO2 source-sink matching [87]. (3) When selecting 
storage sites, priority is given to oil and gas fields that are located near 
emission sources and have sufficient storage capacity [33]. (4) In the 
source-sink matching process, CFPPs with higher CO2 emissions are 
prioritized to optimize CO2 transportation and storage. Specifically, 
each CFPP is paired with a storage site in descending order of its CO2 
emissions [52]. (5) The CO2 capture rate is 90% for the CFPPs 
[48,52,88]. (6) A discount rate of 5% is used in the economic analysis 
[24]. (7) The annual CO2 emissions of the CFPPs are the same each year 
between 2030 and 2060 [87]. (8) The transportation distance between 
the CO2 source and sink is assumed to be 1.1 times the crow flies. It 
accounts for potential topographical barriers that may hinder the con
struction of the CO2 pipeline, such as rivers, roads, railroads, and 
mountains [43].

2.4. Scenario description

This study develops nine distinct scenarios for analyzing the CCUS 
source-sink matching (Table 4). For example, S1 scenario means the 
CCUS projects in the CFPPs in China are deployed between 2030 and 
2060. Only the distances between CO2 sources and sinks within 100 km 
are considered in the S1 scenario. While the CO2 source sink distances 
within 250 km and 800 km are considered in the S2 and S3 scenarios, 
respectively. S4-S6 scenarios indicate that CCUS projects in the CFPPs in 
China are deployed between 2035 and 2060. S7-S9 scenarios represent 
the CCUS projects in the CFPPs in China that are deployed between 2040 
and 2060 [54,89].

Table 4 
Nine different CCU matching scenarios.

Scenarios CCUS deployment time Maximum CO2 transportation distance (km)
2030 2035 2040 100 250 800

S1 √ ​ ​ √ ​ ​
S2 √ ​ ​ ​ √ ​
S3 √ ​ ​ ​ ​ √
S4 ​ √ ​ √ ​ ​
S5 ​ √ ​ ​ √ ​
S6 ​ √ ​ ​ ​ √
S7 ​ ​ √ √ ​ ​
S8 ​ ​ √ ​ √ ​
S9 ​ ​ √ ​ ​ √

Fig. 2. CO2 emissions in China’s 972 CFPPs (This map is based on a standard map from the Map Technical Review Center of the Ministry of Natural Resources 
(Review No. GS(2024)0650), and the boundaries of the base map have not been modified).
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Fig. 3. The CO2 emissions and installed capacity in China’s 972 CFPPs.

Fig. 4. CO2 storage capacity of 556 oil fields and 164 gas fields in China (This map is based on a standard map from the Map Technical Review Center of the Ministry 
of Natural Resources (Review No. GS(2024)0650), and the boundaries of the base map have not been modified).
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3. Results

3.1. Identification of CO2 sources and CO2 sinks

A comprehensive analysis is conducted on 972 CFPPs across China in 
this study. The CO2 emissions data for the CFPPs are compiled from 

various sources, including official websites, reports, and peer-reviewed 
journal publications [7,11,90–94]. Fig. 2 illustrates the spatial 
arrangement of CFPPs. There are CO2 emissions of 4,814.23 Mtpa and an 
installed capacity of 1,034.09 GW from 972 existing CFPPs. The five 
leading provinces possess the greatest installed capacity and CO2 
emissions from existing CFPPs: Inner Mongolia, Shandong, Jiangsu, 

Fig. 5. The number and CO2 storage potential of 556 oil fields and164 gas fields in China.

Fig. 6. Comparison of CO2 source-sink matching results for nine scenarios.
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Guangdong, and Zhejiang (Fig. 3). While the CO2 emissions from the 
CFPPs in western China are relatively lower than those in the eastern 
and central China.

The oil and gas database is derived from a variety of sources, such as 
reports, books, and journal publications [95–100]. The spatial distri
bution of the 556 oil fields and 164 gas fields is shown in Fig. 4. The CO2 
storage capacity of 556 oil fields is estimated at 5.31 Gt. There is a po
tential for CO2 EOR of 7,594.79 million barrels (MMbbl). Specifically, 
the CO2 storage capacities of oil fields in Heilongjiang, Xinjiang and 
Shandong Province are 1,388 Mt, 1,028 Mt and 783 Mt, respectively 
(Fig. 5). Natural gas resources are primarily concentrated within the 
Sichuan, Junggar, Tarim, and Qiongdongnan basins. The total CO2 
storage capacity amounts to 5.50 Gt across 164 gas fields. Among that, 
the CO2 storage capacities are 1,676 Mt, 1,450 Mt and 1,100 Mt in 
Sichuan, Xinjiang and Hainan provinces, respectively.

3.2. CO2 source-sink matching

This study selects 169 of 972 CFPPs with an installed capacity above 
600 MW. The annual CO2 emissions from a single CFPP of the 169 CFPPs 
are greater than 3 Mtpa. The remaining lifetimes of the CFPPs exceed 15 
years in 2030. This corresponds to a retrofit potential of 18.62 GW to 
53.70 GW. The findings of CO2 source-sink matching using GIS-based 
methods across various scenarios are illustrated in Figs. 7-9. The re
sults from nine scenarios of the CCUS source and sink matching are 
summarized in Table 5. The CO2 emissions mitigation by CCUS between 
2030 and 2060 ranges from 1,025.60 Mt in S7 scenario to 5,116.51 Mt in 
S3 scenario (Fig. 6). The corresponding CO2 EOR potential ranges from 

598.95 MMbbl to 2,737.52 MMbbl.
In scenarios S1, S4, and S7, the CO2 transportation distance is limited 

to within 100 km. The spatial distribution of the selected CO2 sources 
and sinks for these scenarios is presented in Fig. 7. The cumulative CO2 
emissions mitigation by 2060 is 1,771.07 Mt, 1,398.34 Mt, and 1,025.60 
Mt in the S1, S4, and S7 scenarios, respectively. Because the CCUS is 
proposed to be deployed since 2030, 2035 and 2040 in the S1, S4, and S7 
scenarios, respectively. The CFPPs are mainly located in Xinjiang, Hei
longjiang, Jilin, Hebei, and Shandong, etc. The CO2 EOR potential is 
mainly located in Xinjiang, Shandong, Heilongjiang, and Jilin.

If the maximum CO2 transportation distance increases to 250 km, 
more CO2 emissions can be mitigated by CCUS. The geographical dis
tribution of the selected CO2 sources and sinks for scenarios S2, S5 and 
S8 is shown in Fig. 8. The cumulative CO2 emissions mitigation by 2060 
is 2,879.60 Mt, 2,247.40 Mt and 1,615.19 Mt in the S2, S5, and S8 
scenarios, respectively.

The CO2 transportation distance within 800 km is considered in 
scenarios S3, S6 and S9 (Fig. 9). The cumulative CO2 emissions miti
gation by 2060 is 5,116.51 Mt, 4,004.78 Mt and 2,893.06 Mt in S3, S6 
and S9 scenarios, respectively. However, the offshore CCUS is recom
mended in southeastern China including Shanghai, Zhejiang, Fujian, 
Guangdong, Guangxi, and Hainan [49,101,102].

3.3. Economic analysis

Following the alignment of CO2 sources and sinks, an economic 
evaluation of CCUS implementation is conducted. The outcomes are 
depicted in Fig. 10 and Table 6. For example, initiating CCUS 

Fig. 7. CO2 source sink matching within 100 km in scenarios S1, S4, and S7(This map is based on a standard map from the Map Technical Review Center of the 
Ministry of Natural Resources (Review No. GS(2024)0650), and the boundaries of the base map have not been modified).
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deployment in 2030 entails total investment costs of $58.8 billion, $97.7 
billion and $167 billion for the S1, S2, and S3 scenarios, respectively. 
Under a 5% discount rate, the NPVs for the S1, S2, and S3 scenarios are 
$23.8, $37.9, and $68.3 billion, respectively.

The CCUS cost includes four primary components (Fig. 10). The CO2 
capture cost dominates in all CCUS scenarios, accounting for more than 
65% of the total cost. CO2 pipeline transportation costs accounted for 
about 10%-20% of the total costs in all scenarios. CO2 storage costs 
range from 5% to 10% of the total costs for each scenario.

Most of the CO2 can be stored in oil reservoirs for CO2 EOR in Sce
narios S1, S2, and S3. This is because the CO2 storage capacity in the 
nearby oil fields is not enough. 137.75 Mt, 250.07 Mt, and 428.97 Mt of 
CO2 are stored in the gas fields, respectively (Table 5). Every instance of 
CO2 storage is implemented within oil fields across scenarios S4 to S9. 
Delaying CCUS deployment from 2030 to 2040 reduces cumulative NPV 
(Table 6). Compared to the NPV in the scenarios S1, S2, and S3 ($23.8 
billion − $68.3 billion), the NPV of CCUS deployment is lower in the 
scenarios S7, S8, and S9 ($12.4 billion − $35.6 billion). Furthermore, 
the NPV increases as the maximum CO2 transport distance extends from 
100 km (S1) to 800 km (S3). Specifically, the cumulative NPV of sce
narios S3, S6, and S9 ($35.6 billion − $68.3 billion) is higher than that of 
scenarios S1, S4, and S7 ($12.4 billion − 23.8 billion).

4. Discussion

The top ten CCUS projects proposed for 2030 are illustrated in Fig. 11
and detailed in Table 7. The CFPPs are distributed across eight provinces 
in China, including Xinjiang, Shandong, Ningxia, and Shaanxi. CO2 

emissions from the ten CFPPs are 103.73 Mtpa, with a cumulative CO2 
reduction potential of up to 2,058.29 Mt. Notably, CO2 emissions from 
the CFPPs in Xinjiang and Shandong provinces account for 47% of the 
ten power plants by 2060, at 24.68% and 22.38%, respectively. The CO2 
storage capacity and CO2 EOR potential of the oil fields are estimated at 
2,286.30 Mt and 3,231.41 MMbbl, respectively.

The total NPV of the proposed ten CCUS projects is $33.2 billion 
(Table 7). Among these, the NPVs of CCUS in Xinjiang and Shandong 
provinces are $7.75 billion and $7.21 billion, respectively, accounting 
for 45% of the total NPV. Furthermore, the CCUS projects are proposed 
to be materialized in four groups (Fig. 11). The CCUS plans interconnect 
multiple CO2 emission points and storage sites using shared networks. In 
group I, the CCUS proposal covers Shandong, Henan and Hebei prov
inces, including Huadian Laizhou, Yantai Bajiao, Pingdingshan Luyang, 
and Caofeidian power plants. CO2 emission from the CFPPs is 37.97 
Mtpa. CO2 EOR candidates include the Shengtuo, Gudao, Jing’anpu, 
Dongxin, and Gudong oil fields. In group II, CCUS projects are proposed 
at Wujiaqu and XPCC Shihezi Cogen power plants in the Xinjiang 
province. CO2 emissions from the CFPPs of Xinjiang are 25.93 Mtpa. CO2 
EOR candidates include the Kelamayi, Tahe, Baikouquan, Luliang and 
Niuquanhu oil fields. In group III, the CCUS proposal covers Ningxia and 
Shaanxi, including Shenhu Yuanyang and Leilongwan power plants. CO2 
emissions from the two CFPPs of Ningxia and Shaanxi are 22.68 Mtpa. 
CO2 EOR candidates include the Ansai, Jing’an, Yongning and Xifeng oil 
fields. In group IV, CCUS projects are implemented at Huolinhe Zhanute 
power plant in Inner Mongolia and CPI Baicheng power plant in Jilin. 
CO2 emissions from the CFPPs in the Inner Mongolia and Jilin are 17.15 
Mtpa. CO2 EOR candidates include the Lamadian, Daqingzijing, Qian’an 

Fig. 8. CO2 source sink matching within 250 km in scenarios S2, S5, S8(This map is based on a standard map from the Map Technical Review Center of the Ministry 
of Natural Resources (Review No. GS(2024)0650), and the boundaries of the base map have not been modified).
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Fig. 9. CO2 source sink matching within 800 km in scenarios S3, S6, S9(This map is based on a standard map from the Map Technical Review Center of the Ministry 
of Natural Resources (Review No. GS(2024)0650), and the boundaries of the base map have not been modified).

Table 5 
Nine different scenarios demonstrate the results of CO2 source-sink alignment.

Indicators (Scenarios) Cumulative CO2 emissions 
reduction (Mt)

CO2 EOR 
potential 
(MMbbl)

CO2 storage in oil 
fields (Mt)

CO2 storage in gas 
fields (Mt)

Number of 
matched CFPPs

Installed capacity of 
selected CFPPs (GW)

2030–2060 100 km 
(S1)

1,771.07 953.86 1,633.32 137.75 19 18.62

250 km 
(S2)

2,879.60 1,535.65 2,629.54 250.07 29 31.50

​ 800 km 
(S3)

5,116.51 2,737.52 4,687.54 428.97 46 53.70

2035–2060 100 km 
(S4)

1,398.34 816.63 1,398.34 / 19 18.62

250 km 
(S5)

2,247.40 1,312.48 2,247.40 / 29 31.50

800 km 
(S6)

4,004.78 2,338.79 4,004.78 / 46 53.70

2040–2060 100 km 
(S7)

1,025.60 598.95 1,025.60 / 19 18.62

250 km 
(S8)

1,615.19 943.27 1,615.19 / 29 31.50

800 km 
(S9)

2,893.06 1,689.55 2,893.06 / 46 53.70
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and Xinmin oil fields. For all four groups, the separation between CO2 
emission points and storage locations ranges up to 800 km and 
numerous instances under 200 km.

5. Limitations

This research presents certain limitations that should be acknowl
edged. First, to calculate the CO2 storage potential within oil and gas 
fields, this study posits that the reservoir’s pore space is entirely filled 
with stored CO2. However, the injected CO2 can’t fully displace the 
aquifer that intrudes into the reservoirs. The actual CO2 storage capacity 
may be overestimated [24]. The degree of CO2-oil miscibility is deter
mined by the reservoir fluid composition and operating conditions. Due 
to the unavailability of oil composition data for 556 oil fields, Equation 
(3) is utilized to assess the CO2-oil miscibility. Second, this study 

assumes that economic costs, CO2 capture rates, and oil prices remain 
constant. However, economic assessments can be influenced by oil price 
fluctuations, carbon markets, and cost reductions in technology inno
vation [103,104]. Third, this paper posits that the operational status and 
energy consumption patterns of all CFPPs remain unchanged [87]. 
However, in practice, these factors may be affected by technological 
advancements, fluctuations in energy prices, and policy changes [105]. 
Specifically, as technologies mature and market conditions evolve, the 
operational efficiency and emissions levels of CFPPs may undergo sig
nificant changes [106,107]. Fourth, due to limited geological data, this 
study does not sufficiently consider environmental and geological fac
tors that may influence CO2 storage in different regions. Variables such 
as reservoir type and groundwater levels could affect both the storage 
capacity and the long-term stability of CO2 [108]. Fifth, this study as
sumes that China has not yet implemented a carbon tax policy. As a 
result, the amount of CO2 stored in oil and gas fields is relatively low, 
and the model does not account for alternative deployment strategies 
that could be employed under a carbon tax policy. As carbon tax policies 
are gradually implemented and market conditions evolve (e.g., fluctu
ations in carbon prices and policy adjustments), more CO2 may be stored 
in saline aquifers [109,110]. Sixth, the study does not sufficiently 
consider the potential impact of the rapid expansion of renewable en
ergy sources such as wind, solar, and hydropower on the future 
deployment of CCUS. As renewable energy capacity continues to in
crease, the operational load of conventional CFPPs may decline, thereby 
affecting their CO2 emissions levels and the scale of CCUS deployment 
[111].

6. Policy implications

In light of the earlier CCUS source-sink matching in China, this study 
offers policymakers the following suggestions. First, regional coordina
tion and CO2 source-sink matching hubs should be established, partic
ularly in the areas exhibiting a high concentration of CFPPs and oil 
fields. Strategic locations such as Jinan, Xi’an, Urumqi, and Harbin are 
proposed as locations for these hubs to optimize resource allocation. 
These hubs will serve as centers for decision-making, regulatory 

Fig. 10. CCUS costs and NPV for each scenario.

Table 6 
CCUS cost and NPV results for 9 Scenarios.

Scenarios CCUS 
deployment time

Total cost 
($)

NPV ($)

Low Mid High

100 km 
(S1)

2030 5.88E +
10

3.15E +
09

2.38E +
10

4.45E +
10

250 km 
(S2)

2030 9.77E +
10

4.01E +
09

3.79E +
10

7.18E +
10

800 km 
(S3)

2030 1.67E +
11

7.35E +
09

6.83E +
10

1.29E +
11

100 km 
(S4)

2035 4.07E +
10

5.18E +
09

2.05E +
10

3.58E +
10

250 km 
(S5)

2035 6.69E +
10

8.32E +
09

3.34E +
10

5.85E +
10

800 km 
(S6)

2035 1.15E +
11

1.51E +
10

5.94E +
10

1.04E +
11

100 km 
(S7)

2040 2.65E +
10

2.68E +
09

1.24E +
10

2.22E +
10

250 km 
(S8)

2040 4.28E +
10

4.13E +
09

1.98E +
10

3.54E +
10

800 km 
(S9)

2040 7.34E +
10

7.66E +
09

3.56E +
10

6.35E +
10
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compliance, resource management, and technical support. Their estab
lishment will enhance CCUS deployment efficiency and help to achieve 
carbon reduction targets. Second, the large-scale CFPPs close to the light 
oil fields should be given the top priority for CCUS. For example, the 
CFPPs such as Wujiaqu, Huadian Laizhou, and Huolinhe Zhanute are 
close to the oil fields for CO2 EOR. Third, the infrastructure for CO2 
transportation networks should be properly planned based on the CCUS 
source-sink matching. Policies should emphasize establishing a nation
wide CO2 transportation network that efficiently connects the high CO2 
emission regions (e.g., Shandong and Xinjiang) with suitable oil field 
storage sites. Fourth, policymakers should allocate government funding 
to drive technological innovations for CCUS costs reduction, particularly 
for CO2 capture cost in the CFPPs. Government support for CCUS 
demonstration projects is crucial to mitigating the financial risks asso
ciated with CCUS investments. Fifth, a robust monitoring and regulatory 
framework should be established. This includes implementing a 
comprehensive monitoring, reporting, and verification system for CO2 
capture, transportation, and storage.

7. Conclusions

This study evaluates CO2 emissions from 972 operational CFPPs and 
the storage potential in 556 oil fields and 164 gas fields across China. A 
detailed analysis of CO2 source-sink matching has been carried out to aid 
China in meeting its 2060 decarbonization goals for CFPPs. The key 
findings of this study are as follows: 

1) CO2 emissions of 4,814.23 Mtpa and an installed capacity of 
1,034.09 GW from 972 existing CFPPs are investigated in China. 
There is a CO2 storage potential of 5.31 Gt in the 556 oil fields and 
5.50 Gt in the 164 gas fields, respectively.

2) 169 of 972 CFPPs are selected for CCUS. There is a CO2 reduction 
potential of 1.03 Gt to 5.12 Gt in the oil and gas fields in China by 
2060. Expanding the maximum permissible transport range from 
100 km to 800 km will increase the number of CO2 emission sources 
eligible for CCUS deployment.

3) CCUS deployment for CO2 EOR offers both economic and environ
mental benefits. The investment costs of the CCUS projects between 
2030 and 2060 range from $26.5 billion to $167 billion, yielding an 
NPV of $12.4 billion to $68.3 billion. For the same maximum 
transportation distance, delaying CCUS deployment from 2030 to 
2040 reduces the NPV by $11.4 billion to $32.8 billion at a 5% 
discount rate. Conversely, extending the transportation distance 
from 100 km to 800 km results in an NPV increase of $23.2 billion to 
$44.5 billion for the same deployment timeframe.

4) The top ten CCUS projects are proposed for 2030. CO2 emissions 
from the ten CFPPs are 103.73 Mtpa. These CCUS projects will 
generate an NPV of $33.2 billion between 2030 and 2060. Based on 
the CO2 source-sink matching framework, a four-group deployment 
strategy is outlined.

CRediT authorship contribution statement

Xudong Gao: Writing – original draft, Visualization, Investigation, 
Data curation. Kai Zhang: Writing – review & editing, Writing – original 

Fig. 11. Source sink matching results for the top ten preferred projects(This map is based on a standard map from the Map Technical Review Center of the Ministry of 
Natural Resources (Review No. GS(2024)0650), and the boundaries of the base map have not been modified).

X. Gao et al.                                                                                                                                                                                                                                     Fuel 401 (2025) 135723 

12 



draft, Project administration, Funding acquisition. Dongqi Ji: Valida
tion, Project administration, Data curation. Haoming Ma: Writing – 
review & editing, Supervision, Resources. Yang Meng: Software, 
Investigation. Shu Jiang: Project administration, Funding acquisition. 
Wei Tian: Validation, Supervision. Yuhang Tang: Methodology, 
Conceptualization. Liu He: Investigation. Chaohua Liu: Methodology. 
Hon Chung Lau: Validation, Supervision. Zhangxin Chen: Writing – 
review & editing, Supervision, Resources.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgement

The authors gratefully acknowledge financial supports from the 
National Natural Science Foundation of China (Project No. 52474054), 
and the Scientific Research Funds at China University of Geosciences 
(Wuhan) (Project No. 2022161, Project No. BH20240008, Project No. 
2024XLA80).

Data availability

Data will be made available on request.

References

[1] UNFCCC. Nationally determined contributions under the Paris Agreement. Sharm 
el-Sheikh Climate Change Conference-November; UNFCCC Secretariat; 2022. 

Available at: https://unfccc.int/sites/default/files/resource/cma2022_04.pdf
(accessed April 15, 2024).

[2] Shi Q, Liang Q, Huo T, You K, Cai W. Evaluation of CO2 and SO2 synergistic 
emission reduction: The case of China. J Clean Prod 2023;433:139784.

[3] Tang H, Chen W, Zhang S, Zhang Q. China’s multi-sector-shared CCUS networks 
in a carbon-neutral vision. iScience 2023;26(4):106347.

[4] Fuhrman J, Clarens AF, McJeon H, Patel P, Ou Y, Doney SC, et al. The role of 
negative emissions in meeting China’s 2060 carbon neutrality goal. Oxford Open. 
Clim Change 2021;1(1):kgab004.

[5] Liang B, Chen C, Jia C, Wang C, Wang X, Zha Y, et al. Carbon capture, utilization 
and storage (CCUS) in oil and gas reservoirs in China: Status, opportunities and 
challenges. Fuel 2024;375:132353.

[6] Jiang S, Li Y, Wang F, Sun H, Wang H, Yao Z. A state-of-the-art review of CO2 
enhanced oil recovery as a promising technology to achieve carbon neutrality in 
China. Environ Res 2022;210:112986.

[7] International Energy Agency(IEA). World energy outlook 2022. Paris: 
International Energy Agency; 2022. Available at: https://www.iea.org/reports/ 
world-energy-outlook-2022 (accessed April 11, 2024).

[8] Lu H, Xie Z, Liu Y, Xu G. Study on the impact of regional carbon emissions on 
enterprise technological innovation under the background of low-carbon 
transformation in China. Front Environ Sci 2024;12:1290338.

[9] Liu B, Liu S, Xue B, Lu S, Yang Y. Formalizing an integrated decision-making 
model for the risk assessment of carbon capture, utilization, and storage projects: 
From a sustainability perspective. Appl Energy 2021;303:117624.

[10] International Energy Agency (IEA). Energy technology perspectives 2020 – 
Special report on carbon capture utilisation and storage. Paris: IEA; 2020. 
Available at: https://www.iea.org/reports/energy-technology-perspectives-2020
(accessed March 10, 2024).

[11] Nguyen MC, Zhang Y, Li J, Li X, Bai B, Wu H, et al. A geostatistical study in 
support of CO2 storage in deep saline aquifers of the Shenhua CCS project, Ordos 
Basin. China Energy Procedia 2017;114:5826–35.

[12] Tong D, Zhang Q, Zheng Y, Caldeira K, Shearer C, Hong C, et al. Committed 
emissions from existing energy infrastructure jeopardize 1.5 ◦C climate target. 
Nature 2019;572(7769):373–7.

[13] Tasleem S, Bongu CS, Krishnan MR, Alsharaeh EH. Navigating the hydrogen 
prospect: A comprehensive review of sustainable source-based production 
technologies, transport solutions, advanced storage mechanisms, and CCUS 
integration. J Energy Chem 2024;97:166–215.

[14] Saxena A, Prakash Gupta J, Tiwary JK, Kumar A, Sharma S, Pandey G, et al. 
Innovative pathways in carbon capture: Advancements and strategic approaches 

Table 7 
Proposed top ten power plants and their corresponding reservoir layouts for CCUS carbon sources in 2030.

Group CFPPs name Province Annual CO2 

emissions 
(Mtpa)

Installed 
capacity 
(MW)

Start up 
year of 
the 
CFPPs

CO2 EOR potential (MMbbl) Total CO2 

EOR 
potential 
(MMbbl)

CO2 storage 
capacity in 
oilfields 
(Mt)

Cumulative 
CO2 reductions 
by 2060(Mt)

Mid 
CCUS 
NPV($)

I Huadian 
Laizhou

Shandong 16.4 4,078 2012 Shengtuo(167.88), Gudao 
(138.10), Bohnan(81.75), 
Niuzhuang(55.06), Binnan 
(33.23), Shanghe(32.33)

508.35 365.59 324.72 4.67E 
+ 09

I Yantai Bajiao Shandong 5.39 1,340 2018 Dongxin(96.62), Gudong 
(93.66), Linpan(32.33), 
Shangdian(48.47)

271.08 202.35 135.83 2.54E 
+ 09

I Pingdingshan 
Luyang

Henan 9.11 2,060 2010 Pucheng(96.16), Wennan 
(45.04), Wendong(35.05), 
Shuanghe(30.35), 
Wenzhong(26.15), 
Huzhuangji(18.65), 
Wenmingzhai (9.16)

260.57 164.15 163.98 3.07E 
+ 09

I Caofeidian Hebei 7.07 1,600 2009 Jing’anpu(113.31), Renqiu 
(45.18), Gaoshangbao 
(40.81)

199.30 125.82 120.90 2.72E 
+ 09

II Wujiaqu Xinjiang 16.02 3,640 2011 Kelamayi(522.46), 
Baikouquan(95.42)

617.88 336.51 302.78 4.41E 
+ 09

II XPCC Shihezi 
Cogen

Xinjiang 9.91 2,640 2013 Tahe(272.94), Luliang 
(71.45), Niuquanhu(37.38)

381.76 222.20 205.14 3.34E 
+ 09

III Shenhu 
Yuanyang

Ningxia 14.51 3,520 2010 Yongning(94.79), Xifeng 
(80.86), Dingbian(45.48), 
Xingzichuan(37.46), Maling 
(30.76)

289.35 268.23 261.18 3.80E 
+ 09

III Leilongwan Shaanxi 8.17 2,000 2018 Ansai(117.66), Jing’an 
(103.39), Wayaobu(26.49)

247.55 229.48 205.88 2.67E 
+ 09

IV Huolinhe 
Zhanute

Inner 
Mongolia

10.81 2,300 2013 Lamadian(280.68) 280.68 260.19 223.77 3.69E 
+ 09

IV CPI Baicheng Jilin 6.34 1,320 2010 Daqingzijing(73.65), 
Qian’an(58.01), Xinmin 
(43.23)

174.89 111.78 114.12 2.26E 
+ 09

Total / / 103.73 24,498 / / 3,231.41 2,286.30 2,058.29 3.32E 
+ 10

X. Gao et al.                                                                                                                                                                                                                                     Fuel 401 (2025) 135723 

13 

https://unfccc.int/sites/default/files/resource/cma2022_04.pdf
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0010
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0010
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0015
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0015
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0020
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0020
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0020
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0025
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0025
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0025
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0030
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0030
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0030
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0040
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0040
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0040
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0045
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0045
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0045
https://www.iea.org/reports/energy-technology-perspectives-2020
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0055
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0055
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0055
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0060
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0060
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0060
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0065
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0065
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0065
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0065
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0070
http://refhub.elsevier.com/S0016-2361(25)01448-6/h0070


for effective carbon capture, utilization, and storage. Sustainability 2024;16(22): 
10132.

[15] Ma H, Sun Z, Xue Z, Zhang C, Chen Z. A systemic review of hydrogen supply chain 
in energy transition. Frontiers in Energy 2023;17(1):102–22.

[16] Chen X, Wu X. The roles of carbon capture, utilization and storage in the 
transition to a low-carbon energy system using a stochastic optimal scheduling 
approach. J Clean Prod 2022;366:132860.

[17] International Energy Agency (IEA). An energy sector roadmap to carbon 
neutrality in China. Paris: International Energy Agency; 2021. Available at: 
https://www.iea.org/reports/an-energy-sector-roadmap-to-carbon-neutrality-in- 
china (accessed March 13, 2024).

[18] National Bureau of Statistics (NBS). China energy development report. National 
Bureau of Statistics; 2020.

[19] Xia Y, Deng J, Hu B, Yang Q, Li J, Gu H, et al. Ready-to-implement low-carbon 
retrofit of coal-fired power plants in China: optimal scenarios selection based on 
sludge and photovoltaic utilization. Environ Sci Ecotechnol 2022;9:100147.

[20] International Energy Agency. Iron and Steel Technology Roadmap. Paris: 
International Energy Agency; 2020.

[21] Su X, Tachiiri K, Tanaka K, Watanabe M, Kawamiya M. Identifying crucial 
emission sources under low forcing scenarios by a comprehensive attribution 
analysis. One Earth 2022;5(12):1354–66.

[22] Wei YM, Kang JN, Liu LC, Li Z, Zhang Y, Wang K. A proposed global layout of 
carbon capture and storage in line with a 2 ◦C climate target. Nat Clim Change 
2021;11(2):112–8.

[23] Jewell J, Vinichenko V, Nacke L, Cherp A. Prospects for powering past coal. Nat 
Clim Change 2019;9(8):592–7.

[24] Zhang K, Lau HC, Chen Z. The contribution of carbon capture and storage to 
Canada’s net-zero plan. J Clean Prod 2023;404:136901.

[25] Abanades JC, Rubin ES, Mazzotti M, Herzog HJ. On the climate change mitigation 
potential of CO2 conversion to fuels. Energy Environ Sci 2017;10:2491–9.

[26] Gilmour J. 45Q: Toward a stronger federal carbon capture tax credit. Environ 
Claims J 2023;35(3):235–53.

[27] Ghazouani A, Xia W, Ben Jebli M, Shahzad U. Exploring the role of carbon 
taxation policies on CO2 emissions: Contextual evidence from tax implementation 
and non-implementation European countries. Sustainability 2020;12(20):8680.

[28] Environment, Natural Resources. The federal carbon pollution pricing 
benchmark. Government of Canada; 2021. Available at: https://www.canada.ca/ 
en/environment-climate-change/services/climate-change/pricing-pollution- 
how-it-will-work/carbon-pollution-pricing-federal-benchmark-information.html 
(accessed 10 March 2024).

[29] Li C, Lei T, Wang L. Examining the emission reduction effect of carbon emission 
trading and carbon tax synergism and their impact mechanisms to reduce the 
carbon emission of company: based on 247 listed companies of China. Technol 
Anal Strateg Manag 2024:1–16.

[30] Morgan A, Ampomah W, Grigg R, Dai Z, You J, Wang S. Techno-economic life 
cycle assessment of CO2-EOR operations towards net negative emissions at 
Farnsworth field unit. Fuel 2023;342:127897.

[31] Wei N, Li X, Dahowski RT, Davidson CL, Liu S, Zha Y. Economic evaluation on 
CO2-EOR of onshore oil fields in China. Int J Greenh Gas Control 2015;37: 
170–81.

[32] He L, Shen P, Liao X, Li F, Gao Q, Wang Z. Potential evaluation of CO2 EOR and 
sequestration in Yanchang oilfield. J Energy Inst 2016;89(2):215–21.
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