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Abstract  

The People’s Republic of China (“China”) officially launched its national emissions 
trading system (ETS) in 2017, and it will come into operation in 2021. Initially 
covering the power sector, which accounts for over 40% of China’s energy-related 
CO2 emissions, the ETS is set to subsequently be expanded to other energy-
intensive sectors. China’s national ETS could be an important market-based 
instrument to help the country meet its recently enhanced climate goals to have 
CO2 emissions peak before 2030 and achieve carbon neutrality before 2060. 

This report explores how China’s ETS can spur emissions reductions from 
electricity generation and support power sector transformation. It builds on 
understanding of power sector development and policy trends and relies on in-
depth national and provincial scenario modelling of China’s power system from 
2020 to 2035. This study also analyses how the ETS’s output- and rate-based 
design affects overall power sector emissions, technologies and costs, and 
regional distribution. Finally, it recommends ways China’s ETS can play a stronger 
role in incentivising cost-effective and structural power sector decarbonisation to 
support the country’s long-term climate ambitions.  
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Executive summary 

China recently made major announcements concerning its more ambitious 
medium- and long-term climate goals. At the United Nations General Assembly in 
September 2020, President Xi’s declaration of the People’s Republic of China’s 
(“China”) aims to have CO2 emissions peak before 2030 and achieve carbon 
neutrality before 2060 set a ground-breaking vision for the country for the next four 
decades. China also announced in December 2020 that it would enhance its 
Nationally Determined Contribution (NDC) under the Paris Agreement for 2030, 
including reducing its CO2 emissions intensity per unit of GDP by more than 65% 
from the 2005 level, increasing the share of non-fossil fuels in primary energy 
consumption to around 25% and expanding the total installed capacity of wind and 
solar power to over 1 200 GW. The 14th Five-Year Plan (FYP) stipulates 
formulation of an action plan to peak CO2 emissions before 2030 and adoption of 
stronger policy measures in an effort to reach carbon neutrality before 2060. 

In this context, China's emissions trading system (ETS) can be an important 
market-based tool to help the country achieve its climate goals and energy 
transition. China’s national ETS was officially launched in 2017 and will come into 
operation in 2021 in the power sector, before being expanded to cover other 
energy-intensive sectors. Even in its initial phase, it will be the world’s largest ETS, 
covering coal- and gas-fired power plants that are responsible for over 40% of 
China’s CO2 emissions from fossil fuel combustion.  

China’s ETS currently employs output- and rate-based allowance allocation, 1 
whereas mass-based ETSs, such as the EU-ETS and California’s Cap-and-Trade 
Program, have a predetermined absolute cap on emissions levels covered. 
Allowances in China’s ETS are allocated based on a unit’s actual generation during 
the compliance period (e.g. total MWh of electricity generated in 2019-2020) and 
predetermined emissions intensity benchmarks for each fuel and technology (e.g. 
CO2 emissions per MWh set for each type of coal- and gas-fired power plant). 
Allowances are currently allocated for free, with the introduction of auctions a future 
possibility (MEE, 2021). At the end of 2020, the Ministry of Ecology and Environment 
(MEE) released the allowance allocation plan for the power sector, with the first 
compliance obligations covering 2019 and 2020 emissions (MEE, 2020a).  

 
                                                                 
1 A rate-based ETS is often termed a tradable performance standard. 
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This report explores how China’s ETS can spur emissions reductions from 
electricity generation and support power sector transformation. It builds on 
understanding of power sector development and policy trends and relies on in-
depth national and provincial scenario modelling of China’s power system from 
2020 to 2035.  

Analysis is based on a capacity expansion and dispatch model that minimises total 
power system costs2 under technical, resource and policy constraints. The model 
assumes economic dispatch for China’s power system from 2025 onwards and 
expanded interprovincial trade. For wind and solar PV, feed-in tariffs (FITs) for 
newly installed capacity are assumed to be phased out after 2020, but new policies 
are assumed to be implemented to support continuous capacity expansion.  

The model implements the ETS with an output- and rate-based allocation design, 
with the number of allowances calculated according to electricity generation and 
technology-specific benchmarks for four categories of coal- and gas-fired units.3 
The allowance price, which is an output of the model, reflects the marginal cost of 
emissions abatement that minimises total system costs to meet the allocated 
number of allowances. The allowance price depends strongly on the stringency of 
the benchmarks. 

This study analyses three scenarios to evaluate potential ETS impacts on China’s 
power sector.  

• The No-Carbon-Pricing Scenario is the counterfactual scenario against which 
the role of the ETS is evaluated.4 The No-Carbon-Pricing Scenario incorporates 
no specific policies to control CO2 emissions (i.e. neither an ETS nor command-
and-control policies such as emissions caps or energy consumption standards), 
but it assumes economic dispatch from 2025 and policy support for wind and solar 
PV capacity deployment.  

• The ETS Scenario is the main scenario for assessing the role of China’s ETS in 
the power sector. In addition to the assumptions in the No-Carbon-Pricing 
Scenario, the ETS Scenario implements a national ETS with free, output-based 
allowance allocation for electricity generation from 2020 onwards. It also assumes 
that benchmarks for all coal-fired technologies become more stringent over time. 

 
                                                                 
2 Total system costs include annualised capital costs and operating costs for electricity generation, as well as costs of 
balancing electricity supply and demand and of transmission. 
3 Benchmark trajectory design is explained in Chapter 2. Assumptions for 2020 benchmark values differ from the official 
benchmarks, as they were defined before China’s ETS 2019-2020 allowance allocation plan for the power sector was 
published. Analysis in this report is based on scenario modelling, and findings on structural implications of the ETS remain 
relevant for other initial benchmark values. 
4 The No-Carbon-Pricing Scenario serves as the baseline scenario to assess the ETS’s effects and potential. It differs from 
the World Energy Outlook (WEO) Stated Policies Scenario (STEPS), which reflects the impact of existing policy frameworks 
and announced policy intentions and includes carbon prices for China’s power, industry and aviation sectors.  
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As in China’s current ETS allowance allocation plan, gas-fired units with an 
allowance deficit are not required to purchase allowances for compliance. 

• The ETS Auctioning Scenario explores the potential effects of gradually 
introducing emissions allowance auctioning into the ETS. This scenario adopts the 
same output-based allowance allocation mechanism and benchmark-tightening 
trajectory as the ETS Scenario. Auctions are assumed to be introduced in 2025, 
moderately reducing the share of freely allocated allowances in the system first by 
10%; then by 30% in 2030; and by 50% in 2035.  

Key findings 
With benchmark-tightening, China’s ETS can cost-
effectively make power sector CO2 emissions peak 
before 2030 

With benchmarks that are gradually tightened (i.e. lowered), China’s national ETS 
can have an important role in reversing the upward trend of CO2 emissions from 
electricity generation, supporting power sector emissions to peak well before 
2030. This would be essential to achieve China’s goal of attaining economy-wide 
peak CO2 emissions before 2030 and would contribute to the country’s ambition 
to reach carbon neutrality before 2060.  

Figure 1 CO2 emissions from electricity generation by scenario, 2020-2035 

 
IEA. All rights reserved. 

Note: Mt CO2 = million tonnes of carbon dioxide. 
 

Under increasingly stringent benchmarks in the ETS Scenario, the allowance price 
would rise gradually from around CNY 100/t CO2 (USD 15/t CO2) in 2020 to 
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Carbon-Pricing Scenario (a drop of around 570 Mt CO2, equivalent to Canada’s 
total CO2 emissions from fuel combustion in 2018).  

The ETS would drive emissions reductions mainly by improving the efficiency of 
coal-fired power generation, particularly between 2020 and 2030, and by enlarging 
the deployment of carbon capture, utilisation and storage (CCUS) in the power 
sector from 2030. With technology-specific benchmarks and free allocation, the 
impact of the ETS on fuel-switching away from coal is nevertheless limited. 

Figure 2 Factors yielding additional emissions reductions in the ETS Scenario 
compared with the No-Carbon-Pricing Scenario, 2025-2035 

  
IEA. All rights reserved. 

 

In combination with the power sector reform, an ETS with free allowance allocation 
could achieve these emissions reductions by 2035 while the average electricity 
cost remains at the 2020 level.5 In addition, the ETS would be more cost-effective 
than using mandatory energy consumption standards for coal-fired power plants, 
delivering the same emissions reductions at lower additional system costs.  

ETS allocation design encourages efficiency in coal-fired 
power generation and in the capacity mix  

With its installed capacity having increased fourfold since 2000 to reach 1 007 GW 
in 2018, China’s coal-fired power fleet is today the world’s largest, as well as one 
of the youngest and most efficient (IEA, 2020a). Nevertheless, less-efficient units 
such as subcritical units still represent almost half of China’s operational coal-fired 

 
                                                                 
5 The electricity cost reflects the average system cost per unit of electricity generated. Under free allocation, entities receive 
allowances for free, and total allowance surpluses and deficits among entities balance out at the system level, limiting the 
increase in system costs. 
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power capacity. Managing its coal-fired fleet will be essential for China to achieve 
its emissions reduction objectives and clean energy transition. 

With its output-based allowance allocation design, the ETS will prompt more 
efficient unabated coal-fired power generation, 6  as units achieving emissions 
intensities below the applicable benchmark could sell surplus allowances while 
those exceeding the benchmark would need to purchase them. The benchmarking 
approach and the shift to economic dispatch would encourage high-efficiency 
units to run significantly more than they currently do. In the ETS Scenario, 
generation from ultra-supercritical units accounts for 66% of the coal-fired power 
mix in 2025 and 94% of unabated coal-based generation by 2035. Meanwhile, 
less-efficient and (usually) older units would either serve as back-up capacity with 
low annual running hours or be retired.  

In addition to changing operating patterns, the ETS can accelerate the 
replacement of less-efficient units by the most high-performing ones. In the ETS 
Scenario, nearly 150 GW of subcritical, high-pressure and circulating fluidised bed 
(CFB) units would retire between 2020 and 2030, 43% more than in the No-
Carbon-Pricing Scenario. The drive for efficiency under the ETS would increase 
the capacity factor of more-efficient coal-fired units, but it could also incentivise 
more construction of new efficient coal-fired power capacity than the No-Carbon-
Pricing Scenario by 2030. 

The average energy consumption of unabated coal-fired units could fall to 
275 grammes of standard coal equivalent per kWh (gce/kWh) by 2035 in the ETS 
Scenario, which would be an 11% reduction from the 13th FYP target of 
310 gce/kWh for coal-fired units in operation in 2020. As a result, the emissions 
intensity of unabated coal-fired power generation could decrease to 
764 g CO2/kWh, 5% below the projected level without ETS implementation. 

Current ETS design has the potential to support CCUS 
technology uptake in the power sector by 2030 

The current ETS allowance allocation design has the potential to promote CCUS 
technology deployment in the power sector from 2030 onwards by allowing units 
equipped with carbon capture technology to gain revenues by selling surplus 
allowances. If applying the benchmark for large coal-fired power units to CCUS-

 
                                                                 
6 Unabated coal power generation refers to coal-fired power generation lacking any technology to substantially reduce its 
CO2 emissions, such as CCUS. 
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equipped units, the ETS could provide a substantial financial incentive for 
coal+CCUS technology and make it cost-competitive in certain regions by 2030. 

In the ETS Scenario, generation from CCUS-equipped coal-fired units would 
account for 3% of total coal-fired power generation by 2030 and 8% by 2035. By 
displacing more than 470 TWh of unabated coal-fired power generation, the 
deployment of this technology could avoid nearly 300 Mt CO2 of electricity 
generation emissions in 2035 and reduce the average emissions intensity of coal-
fired generation to around 710 g CO2/kWh. 

Technical specificities of the ETS, such as allocation design and exemption rules, 
could drive the introduction of less-carbon-intensive technologies in co-ordination 
with other support policies.  

Multiple benchmarks and free allocation limit incentives 
to switch to gas and non-fossil sources 

While the ETS could provide an incentive for China’s coal-fired power fleet to 
become more efficient and potentially use CCUS technology, its promotion of gas-
fired power and non-fossil alternatives would be limited under the current output-
based design with multiple benchmarks and free allocation.  

The output-based design grants units allowances in proportion to their production 
activities, encouraging plants in each technology category to reduce their 
emissions intensity to below the applicable benchmark so that they gain an 
allowance surplus rather than a deficit. Under a certain allowance price, the 
effective carbon cost (e.g. in CNY per kWh of generation produced) applying to a 
power unit would also depend on its performance relative to the benchmark. While 
having multiple benchmarks could help address distributional effects among 
technologies, they actually differentiate the effects of emissions trading for the 
various technologies even more than using a single benchmark would (Goulder et 
al., 2020).  

As the benchmarks for coal- and gas-fired units are separate and China’s ETS 
currently does not include non-fossil sources directly, entities covered by the ETS 
could receive surplus allowances for coal-fired units with relatively low emissions 
intensities but would not necessarily gain any revenue by switching from coal to 
gas or nuclear or renewables. Meanwhile, under an output-based design with free 
allocation, units need to pay for allowances only if they perform below the 
applicable benchmark and have an allowance deficit, which also limits the effective 
carbon cost imposed on emitting units and thus reduces the incentive for fuel 
switching.  
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In the ETS Scenario with free output-based allocation and technology-specific 
benchmarks, generation from gas and non-fossil sources would be only marginally 
higher than in the No-Carbon-Pricing Scenario by 2035. As wind- and solar-based 
generation would not be specifically encouraged, they would remain at roughly the 
same level in 2035 in both scenarios. Capitalising on the ETS’s untapped potential 
to encourage fuel switching could further enhance its ability to drive emissions 
reductions and power sector transformation.  

Introducing auctioning in an output-based ETS could 
lead to even greater power sector decarbonisation  

Under an output-based ETS, total emissions are not limited by a fixed cap but 
depend on production activities and benchmarks applied. With free allowance 
allocation, the carbon cost imposed by the ETS remains limited, as only entities 
facing allowance deficits need to purchase allowances for compliance. 
Conversely, introducing auctions would require most entities to purchase a certain 
amount of allowances, raising the effective carbon cost faced by emitters and 
making it less attractive to raise the allowance volume through production choices. 
Auctioning could thus reduce emissions even further.  

In the ETS Auctioning Scenario, with the share of auctioning increasing after 2025 
and gradually reaching 50% in 2035, carbon emissions from electricity generation 
could peak at a lower level than under free allowance allocation, reducing annual 
electricity generation emissions by an additional 10% (nearly 500 Mt CO2) in 2035. 
Auctioning could therefore cut electricity system CO2 emissions to below the 2020 
level by 2035. 

Implementing allowance auctions would strengthen the competitiveness of 
renewables-, nuclear- and gas-based technologies vis-à-vis coal-fired plants, 
leading to faster decommissioning of existing coal-fired units and fewer 
installations of new ones. Moderate auctioning could reduce the share of unabated 
coal-fired power generation in the mix to below 40% by 2035, compared with 
nearly 50% in the ETS Scenario. Compared with free allowance allocation, 
auctioning would double gas-fired generation in 2035 and increase generation 
from wind (by 10%) and solar (by over 40%). The higher the share of allowance 
auctioning, the deeper and quicker power sector decarbonisation is likely to be.  



The Role of China’s ETS in Power Sector Decarbonisation Executive summary 

PAGE | 15  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
. 

Figure 3 Factors yielding additional emissions reductions in the ETS Auctioning 
Scenario compared with the No-Carbon-Pricing Scenario, 2025-2035 

IEA. All rights reserved. 

Moderately raising the share of allowances auctioned over time would keep total 
system cost increases in check while creating revenues that could be used 
towards the clean energy transition and technology development as well as to 
address electricity affordability and equity. In the ETS Auctioning Scenario, annual 
revenues generated by allowance auctioning could reach CNY 685 billion 
(USD 99 billion) in 2035, counterbalancing a substantial portion of the increase in 
total system costs. 

Regional distributional effects could arise under the ETS 
Equity concerns at the regional level could emerge if allowance surpluses and 
deficits are distributed unevenly, depending on a region’s generation mix.  

In the ETS Scenario, regions with a higher share of ultra-supercritical units could 
benefit from the ETS in 2020, while those with more subcritical and high-pressure 
units were likely to face additional costs. With the tightening of benchmarks and 
greater CCUS deployment, regional distributional effects could change 
significantly and widen over time. Regions with CCUS-equipped coal-fired units 
have the potential to gain high allowance surpluses while all unabated coal-fired 
power technologies would accrue deficits by 2035. Combined with a higher 
allowance price, the monetised impact could further widen regional disparities. 
Addressing potential equity issues could be important to strengthen fairness and 
political acceptance of the ETS. 
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Policy recommendations 
The national ETS becoming operational is an important step in China’s climate 
policy development and expanded market mechanism use. To help the ETS 
incentivise more cost-effective and structural power sector decarbonisation, and 
to further align its short- and medium-term effects with China’s ambitions of 
reaching peak emissions before 2030 and attaining carbon neutrality before 2060, 
China could: 

1. Tighten its ETS benchmarks and gradually merge them to enhance the 
effectiveness of the output-based design. 

2. Accelerate power market reform to amplify the effects of the ETS.  

3. Introduce allowance auctioning to provide stronger signals for fuel switching and 
to generate revenues. 

4. Transition to a mass-based design with a fixed cap to guarantee emissions 
trajectory certainty and support its emissions-peaking and carbon-neutrality goals. 

5. Strengthen policy co-ordination for ETS implementation in the power sector and 
its expansion to other industrial sectors, e.g. co-ordinate it with renewables 
deployment, energy efficiency and CCUS support policies. 

 

Tighten and gradually merge benchmarks to enhance the 
effectiveness of the output-based ETS 

Stringent benchmarks will be essential for an output-based ETS to drive power 
sector decarbonisation, as benchmarks guide the emissions intensity trajectory 
and determine the total number of allowances for given output levels.  

Gradually lowering the benchmark values will be crucial for the ETS to be 
consistently effective and to support China in meeting its climate goals. As 
average fleet efficiency improves as older units are retired and a greater share of 
generation comes from more efficient technologies, the average emissions 
intensity of thermal power generation will decrease over time. The benchmark 
trajectory should integrate such improvements and reduce the risk of over-
allocation while continuing to provide further incentives to achieve the intended 
transition objectives. Depending on the stringency of the initial benchmarks and 
the evolution of the power fleet, the rate of benchmark tightening could be 
gradually adjusted for a smooth transition, before being accelerated to meet higher 
policy ambitions. 

In parallel, merging benchmarks will reduce the differentiation of carbon price 
signals for different technologies and guide more cost-effective emissions 
reductions. Gradually transforming the multi-benchmark design into a single 
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benchmark will optimise emissions abatement options across a larger group of 
technologies and assets, increasing the economic efficiency of the ETS and its 
encouragement of fuel switching. This would reduce the risk of providing financial 
incentives to high-emitting assets whose emissions could be locked in over the 
long term.  

Having a clear benchmark trajectory will provide visibility and certainty for market 
participants, guide plant management and investment decisions (including for 
technology innovation) and accelerate power sector decarbonisation.  

Co-ordinate power market reform with the ETS to amplify 
the effects on shared policy goals 

Having the similar goal of promoting the use of efficient, low-emissions and least-
cost resources, ongoing power market reforms and the ETS should be 
co-ordinated to be mutually supportive. 

Reforms favouring least-cost dispatch will be particularly vital for the ETS to be 
effective. Power dispatch and pricing in China continue to be determined largely 
by administrative mechanisms, but wide-ranging reforms aim to enlarge the role 
of market-based mechanisms and important progress has been made, including 
in pilot spot markets in several regions. Accelerating the dispatch reform would 
better enable the ETS and amplify its value, as a merit order dispatch system 
would take account of the carbon cost imposed by the ETS on less-efficient units 
and authorise lower-emitting technologies to operate more often. If reform 
progress is slow, however, and electricity generators are unable to adjust their 
operations based on ETS price signals, the ETS’s effectiveness in curbing 
emissions could be considerably constrained. 

Meanwhile, the ETS can support power market reforms by integrating carbon 
costs into dispatch decisions and providing incentives for plants to operate more 
flexibly depending on their CO2 emissions levels. If externality costs (such as that 
of carbon) are not taken into consideration and high-emitting sources remain cost-
competitive, the power market reform might optimise the cost of electricity 
production in a manner not necessarily aligned with the transition to a low-carbon 
electricity mix.  
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Introduce auctioning to incentivise fuel switching, and 
use revenues to expand climate action and make 
electricity more affordable  

Allowance auctioning in China’s output-based ETS would make it more attractive 
to switch to non-fossil and gas fuel sources, driving more fuel switching and 
amplifying the impact of the ETS. As auctioning raises the carbon cost imposed 
on CO2-emitting technologies, it affects production from high-emitting sources and 
therefore reduces total associated emissions. By making gas-fired and non-fossil 
technologies more competitive, allowance auctioning would make the ETS more 
effective in driving power sector transformation.  

Gradually phasing in allowance auctioning according to a clear timeline would 
accelerate the energy transition while allowing market participants time to adapt 
to the system and could keep electricity cost increases moderate. Part of the 
revenues generated by the auctions could be used to address electricity 
affordability and the distributional effects of the ETS, and they could also be 
invested in low-carbon technology development to foster more rapid 
decarbonisation.  

Transition to an ETS with a fixed cap to ensure 
emissions trajectory certainty 

As China aims to have its emissions peak before 2030 and to reach carbon 
neutrality before 2060, limiting its total emissions in addition to reducing emissions 
intensity will be essential. When it expands the ETS beyond power to other 
industrial sectors, using the current output-based allowance allocation design 
would likely be more complicated and challenging than adopting a fixed-cap 
system.  

Transitioning to a mass-based design with an absolute cap would provide 
significantly more certainty for controlling emissions from sectors covered by the 
ETS, reduce the risk of encouraging the construction of additional high-carbon 
assets, and ensure coherence with China’s economy-wide emissions-peaking and 
carbon neutrality plans. Using a mass-based design would also allow the ETS to 
send uniform carbon price signals and promote the most cost-effective choices for 
emissions reductions (Goulder et al., 2020), including by providing further 
incentives for switching to low-carbon energy sources. The initial phase of ETS 
implementation will improve emissions monitoring and supply valuable information 
for setting an absolute ETS cap and mapping out its trajectory. 
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Strengthen policy co-ordination when implementing and 
expanding the ETS  

To achieve the low-carbon energy transformation required for carbon neutrality 
before 2060, China will need to implement numerous ambitious policies aimed at 
a variety of objectives.  

Figuring within a complex policy landscape, the ETS interacts with various 
economy-wide and sector-specific mechanisms. Strengthening co-ordination 
between the ETS and other policy instruments, such as those affecting 
renewables deployment, energy efficiency and technology innovation (e.g. 
CCUS), could increase the effectiveness of many policies and achieve a more 
cost-effective and impactful outcome, whereas a lack of co-ordination might lead 
to duplicated or counterproductive policy efforts (IEA, 2020a).  

Co-ordinating the ETS with other market-based policies, such as the Chinese 
Certified Emissions Reduction (CCER) offsetting scheme, renewable portfolio 
standards or green power trading certificates, could enhance mitigation and 
accelerate the low-carbon energy transition while reducing the overall costs of the 
transition.  

The ETS, through its allocation design and by using market forces, could provide 
influential price signals to accelerate the deployment of innovative and low-carbon 
technologies. This analysis demonstrates the potential of an ETS to spur CCUS 
deployment, but it could also encourage the use of other new low-carbon 
technologies such as emerging renewables and utility-scale storage with adapted 
design.  

However, ETS price signals would be effective only if accompanied by policies to 
reduce investment risks for these nascent technologies. In the case of CCUS, an 
ETS with output-based allocation could provide an important financial incentive, 
but near-term companion policies would be needed to: create favourable 
investment conditions by offering direct support for early CCUS projects; co-
ordinate the development of CCUS hubs and incentivise the construction of CO2 
storage in key regions; and support research and development (R&D) and 
demonstration projects to further improve CCUS performance and reduce costs. 

In addition to supporting power sector decarbonisation, an ETS can serve as an 
umbrella policy to enable cost-effective emissions reductions in emission-
intensive sectors. After a short period of initial application to the power sector, 
national ETS coverage should be rapidly expanded to key industrial sectors. The 
ETS could thus provide pricing incentives for energy efficiency measures and 
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encourage demand-side switching to low-carbon sources. Exploring synergies 
with energy efficiency mechanisms such as energy efficiency obligation schemes 
could raise the effectiveness of both policies.  

With expanded emissions coverage and better co-ordination with other energy 
and climate policies, the ETS could become a primary policy instrument to deliver 
cost-effective emissions reductions, accelerate emissions-peaking and foster 
energy sector decarbonisation to realise China’s long-term goal of carbon 
neutrality. 
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Chapter 1 The ETS in an evolving 
power sector 

The People’s Republic of China’s (“China”) national emissions trading system 
(ETS) was officially launched in 2017 and will come into operation in 2021. In its 
initial phase, it will cover coal- and gas-fired power plants, including those for 
co-generation,7 to improve thermal power plant efficiency and help China peak 
and thereafter reduce its power sector CO2 emissions.  

The effectiveness of China’s ETS will depend on how well it is tailored to and 
co-ordinated with power market regulations and with energy and technology 
policies targeting the power sector. This chapter provides a brief overview of 
China’s ETS development, introduces trends in electricity sector development and 
describes major areas of policy co-ordination for the power sector.  

ETS development in China 
Since taking office in 2013, President Xi Jinping has called for energy sector 
reform and pledged sustainable economic development, creating political 
momentum around China’s climate commitment. Concrete steps have included 
submission of China’s first Nationally Determined Contribution (NDC), 
development of a vision of “ecological civilisation” for a collective global future in 
response to environmental degradation, and climate considerations and 
emissions reduction goals in its Five-Year Plans (FYPs) and longer-term 
strategies (IEA, 2020a). In September 2020, President Xi announced at the United 
Nations General Assembly that “China aims to have CO2 emissions peak before 
2030 and achieve carbon neutrality before 2060”. This implies that emissions will 
peak earlier than previously committed to in China’s first NDC and lays out a clear 
and ambitious CO2 emissions reductions trajectory for the next four decades for 
China to reach carbon neutrality. 

To reduce emissions – complementary to command-and-control regulations such 
as energy efficiency standards – China has used market-based instruments since 
the 11th FYP (2006-10) to provide enhanced cost-effective mitigation options. 
Building on the experience it gained by participating in the Clean Development 

 
                                                                 
7 Co-generation refers to the combined production of heat and power. 
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Mechanism (CDM) under the United Nations Framework Convention on Climate 
Change (UNFCCC), China launched its first regional pilot ETS in 2013 during the 
12th FYP. There are currently eight regional pilot ETSs in force in China. With the 
13th FYP promoting the establishment of China’s national ETS, in 2017 the 
country launched the initial phase with the aim of having it operational around the 
end of 2020 (Figure 1.1).  

Since 2017, implementation of the national ETS has consisted of three phases. 
The first focused on constructing market infrastructure, while the second involved 
data collection, training sessions and power sector allowance allocation 
simulations. The third phase, begun in early 2021, focuses on deepening and 
expanding the launch of the operational ETS.  

Starting with allowance trading for compliance purposes in the power sector, 
China has reaffirmed its intention to expand the ETS to other energy-intensive 
sectors during the 14th FYP period. As China’s ETS becomes operational in the 
power sector, it will be the largest in the world in terms of emissions covered – 
more than twice the size of the EU-ETS, which has so far been the largest.  

Figure 1.1 Timeline of ETS development in China 

  

  
IEA. All rights reserved.  

 

In September 2019, the Ministry of Ecology and Environment (MEE) released 
benchmark settings for training purposes for the power sector (including for 
captive power plants and co-generation) (MEE, 2019). Benchmark categories 
were defined giving consideration to fuel, technology and unit size. Two options 
were proposed, differing only by the number of benchmarks for conventional coal-
fired power plants. At the end of 2020, the MEE published a draft allocation plan 
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for public consultation (MEE, 2020b) and subsequently released the final 
allowance allocation plan for the power sector, with compliance obligations 
covering 2019 and 2020 emissions (MEE, 2020a). The plan specifies 2 225 
entities to be covered by the first compliance cycle (MEE, 2020c). In January 2021 
the MEE also published the adopted Interim Rules for Carbon Emissions Trading 
Management, which came into effect in February 2021 (MEE, 2021). 

Monitoring emissions will be an essential component of the ETS. For those coal-
fired power plants that do not measure their emissions (or coal carbon content), a 
high default emissions factor will be applied to encourage them to enhance their 
monitoring capacity and thus improve data quality (IEA, 2020a). 

China’s ETS currently uses an output- and rate-based approach for allowance 
allocation, in contrast with the cap-and-trade model used in the European Union 
and North America. No predetermined absolute cap on the total number of 
emissions allowances is imposed for the initial stage of China’s ETS; instead, 
allowances are determined according to actual electricity and heat output over the 
compliance period and predetermined CO2 emissions intensity benchmarks. 
Output-based allocation helps control overall emissions intensity while providing 
flexibility in the context of China’s continuous energy demand growth and industrial 
capacity expansion at the same time as it addresses distributional concerns for 
certain technologies.  

Coal- and gas-fired plants will receive emissions allowances based on their 
electricity and heat generation, multiplied by the CO2 emissions intensity 
benchmarks specific to the plant’s fuel, technology and size. ETS compliance will 
require that a plant return the number of allowances corresponding to its verified 
emissions, which are calculated based on its fuel consumption and fuel emissions 
factor. If a plant’s emissions intensity is higher than its applicable benchmark 
(typically when the plant is less efficient than the benchmark implies), it will face 
an allowance deficit and will have to buy allowances to be compliant. Conversely, 
if its emissions intensity falls below the benchmark, the plant will surrender the 
number of allowances corresponding to its verified emissions and can sell or 
potentially bank the surplus.  

The 2019-2020 allowance allocation plan defines four benchmark categories for 
coal- and gas-fired power plants (MEE, 2020a). Allowance allocation also takes 
load factors into account for all-electricity coal-fired plants, which will allow units 
running at less than 85% to receive more allowances than defined by the 
applicable benchmarks. A covered entity with an allowance deficit will be required 
to not only surrender all the free allowances allocated to it based on its benchmark 
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and generation output, but will also have to purchase allowances to make up the 
deficit, capped at up to 20% of its verified emissions, to meet its compliance 
obligation.  

Gas-fired power plants are currently exempted from the obligation to purchase 
allowances when they experience an allowance deficit. This exemption aims to 
limit the constraints the ETS puts on gas-fired power and to encourage coal-to-
gas switching (MEE, 2020a). Entities are allowed to use Chinese Certified 
Emissions Reduction (CCER) offset credits to meet compliance obligations for up 
to 5% of verified emissions (MEE, 2021). Allowances are currently allocated to 
power plant operators for free, but it would be possible to introduce allowance 
auctions in the future (MEE, 2021). 

China’s power sector generates one-quarter 
of global electricity 

Global electricity generation, largely dominated by coal (38%) and natural gas 
(23%) in 2018, is expected to increase 45-60% by 2040 in all IEA scenarios (IEA, 
2019a). China accounted for around 27% of global electricity generation at almost 
7 170 TWh in 2018, with its electricity production rising nearly 7% annually 
between 2010 and 2018. Although the Covid-19 crisis temporarily curbed China’s 
electricity demand growth in 2020, it is still set to increase at a more rapid pace 
than global demand – 60-75% by 2040 – with the share of coal-based power in 
the mix falling steadily and renewables increasing. 

Figure 1.2 STEPS global electricity generation outlook by region, 2018-2040 

 
IEA. All rights reserved. 

Notes: STEPS = Stated Policies Scenario. Based on WEO 2019 data.  
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China’s electricity generation alone will make up almost one-third of global growth 
by 2040 in both the Stated Policies Scenario (STEPS) and the Sustainable 
Development Scenario (SDS) of the World Energy Outlook (WEO) (IEA, 2019a). 
A large amount of new installed capacity will therefore be required to satisfy 
demand (Figure 1.2). 

Electricity generation in China relies strongly on coal, which fuelled more than 66% 
of electricity produced in 2018, followed by hydropower (17%), wind (4%) and 
nuclear (4%). Natural gas contributed 3% while solar accounted for 2.5% (IEA, 
2020b). 

China’s coal-fired power capacity more than quadrupled from 222 GW in 2000 to 
1 007 GW in 2018, and an additional 200 GW is currently under construction or 
planned even though the average full-load hours of the coal-fired fleet has been 
on a declining trajectory since 2004, falling to less than 5 000 hours in 2018. 
Although the share of more efficient supercritical and ultra-supercritical plants has 
increased significantly since 2005, subcritical and less-efficient high-pressure and 
circulating fluidised bed (CFB) plants still represent almost half of China’s 
operational coal-fired power fleet. Today China has the largest – and one of the 
youngest and most efficient – coal-fired fleets globally (IEA, 2020a).  

China is also the world leader in renewable capacity installations for hydro, wind 
and solar. For new installed capacity, renewables outpaced coal-fired power by 
three times in 2018, and the increase in generation from renewables has been 
higher than from coal-fired units since 2018. Nevertheless, the total increase in 
coal-based power generation from 2010 to 2018 (1 500 TWh) was 50% higher 
than the increase from renewables (1 000 TWh) including hydro, wind and solar. 
China’s clean energy transition will depend heavily on how well it manages its 
current coal-fired power fleet. 

The dominance of coal led to emissions of almost 4.4 Gt CO2 from electricity 
generation in China in 2018 (Figure 1.3), corresponding to 13% of global CO2 
emissions and 46% of China’s emissions from fossil fuel combustion (IEA, 2020a). 
Of China’s emissions from electricity generation only, 98% (around 4.3 Gt CO2) 
came from coal-fired power plants. The less-emitting gas-fired fleet is almost 
20 times smaller than the coal-fired fleet, mainly because domestic gas supplies 
are limited while coal resources are abundant and inexpensive. Gas-fired power 
plants produced 3.1% of China’s electricity in 2018, accounting for 80 Mt CO2 of 
its power sector emissions (IEA, 2020c). 
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Figure 1.3 China’s electricity generation and related CO2 emissions, 2018 

 
IEA. All rights reserved. 

  

China’s average CO2 emissions intensity (emissions per unit of electricity 
generated) of gas-based power plants is about half that of coal-fired plants. 
However, due to a lack of domestic gas resources and production, limited gas 
infrastructure and the higher price of gas, large-scale coal-to-gas switching in the 
power sector would require strong incentives. Although the share of gas-based 
generation in China's power mix could rise to 10% by 2040 (according to the 
WEO’s STEPS), it is likely to help displace coal in a more indirect way by aiding 
variable renewable energy integration (IEA, 2019b). 

During the Covid-19 crisis, electricity generation from coal dropped temporarily for 
the first time during the first quarter of 2020 while renewable energy generation 
expanded. Nonetheless, thermal power generation rebounded as economic 
activities and electricity demand resumed (IEA, 2020f; 2020d). While renewable 
energy will represent a large majority of new capacity additions by 2040, new coal-
fired power plants may still be constructed and the coal-fired fleet will remain 
significant. To reduce CO2 emissions, China’s power sector transformation could 
involve not only switching from coal to low-carbon power technologies but 
managing the remaining coal-fired units better and retrofitting and retiring less-
efficient plants. Policies are needed to reform the power sector, increase 
operational flexibility and strengthen support for low-carbon energy technology 
innovation and deployment in areas such as emerging renewables, carbon 
capture, utilisation and storage (CCUS), advanced nuclear, transmission 
infrastructure and storage (IEA, 2020f). 

Developing and implementing China’s energy and climate policies involves 
multiple national-level ministries and commissions, provincial governments and 
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state-owned enterprises. Legislation, FYPs, long-term action plans and various 
other regulatory instruments are used to transform the energy mix and the power 
market, address air pollution and climate change, and promote energy efficiency 
(IEA, 2020a). Led by the National Development and Reform Commission (NDRC), 
the FYP is China’s main planning and policymaking tool. The 13th FYP (2016-20) 
built on and enlarged the previous FYP’s targets to increase non-fossil energy 
usage and reduce China’s energy and carbon intensities. Since the 13th FYP 
came into effect, China has submitted its Nationally Determined Contribution 
(NDC) to the Paris Agreement, advanced its power market reforms and officially 
launched the development of its national ETS. The 14th FYP (2021-25) will be 
critical to the success of China’s clean energy transition, which is necessary to 
achieve carbon neutrality by 2060 (Energy Foundation China, 2020). 

Power market reform  
China’s power sector is currently undergoing wide-ranging reforms to enlarge the 
potential of market-based mechanisms to determine power sector operations and 
improve system efficiency. 

The history of China’s power sector reform process dates to the 1980s, with 
attempts by the central government to cope with power shortages that were 
hampering economic development. It was at that time that third parties were first 
allowed to invest in the power sector, with investor certainty being provided 
through administrative regulations such as the “fair dispatch rule” that allocated 
roughly the same number of full operational hours to all plants of the same 
technology. In 2020, dispatch and pricing continued to be determined 
administratively through a planned-dispatch mechanism. 

Important reforms under Policy Document No. 5 in 2002 restructured the power 
system by separating the power generation and transmission functions of the 
vertically integrated utility, strengthening regulation and introducing elements of 
market-based mechanisms.  

Then in 2015, Document No. 9’s ambitious goals marked a new milestone in 
China’s power sector transformation. It introduced several major advances: 

• Separate rates for transmission and distribution tariffs, following a revenue cap 
model based on authorised costs and a permitted revenue margin. However, 
these tariffs had not been implemented as of February 2021.  

• Wholesale energy prices decided by negotiation or auction between generators 
and large consumers as well as newly established suppliers in mid- to long-term 
electricity markets developed under the reform. The retail price charged to these 
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large customers is the sum of the wholesale price plus transmission and 
distribution tariffs, taxes and government surcharges.  

• Authorisation for retail companies to aggregate smaller customers and represent 
them in the wholesale market. 

Although Document No. 9 implementation is an ongoing process, significant 
progress has been made, notably through an increase in the share of energy 
traded through energy trading institutions. For example, 2 300 TWh of electricity 
were traded in 2019, accounting for nearly 32% of total electricity consumption 
and representing a 6% year-on-year increase. However, although more than 
4 000 retail companies have registered with trading institutions, it is important to 
note that trading through energy trading institutions is insufficient to enable market 
efficiency. When trading through energy trading institutions, participants should 
have the incentive to bid at their marginal cost and all resources should be able to 
participate equally, meaning no resources should be left out of the market or have 
guaranteed generation.  

At the same time, the geographical coverage of the power ancillary services 
market has also broadened, with 19 regions having power ancillary services 
markets by the end of 2019, making 65 GW of peak-regulation flexibility available 
(Guo et al., 2020).  

Spot markets, which enable the energy exchanges on a day-ahead, real-time 
basis, help minimise short-term system costs through effective resource allocation 
and dispatch. As spot markets are a key component of China’s power system 
reform, their construction has advanced considerably since promulgation of 
Document No. 9. Eight regional pilot spot markets have been established since 
August 2017 and development accelerated further after the NDRC and the 
National Energy Administration (NEA) issued the Opinions on Deepening the Pilot 
Work of Power Spot Market Construction in August 2019 (NDRC and NEA, 2019). 
Since that time, the eight pilots have carried out successful trial operations, 
implemented settlement tests and prepared for subsequent continuous 
settlements. Co-ordination among the regional pilot spot markets will be critical to 
inform and support the elaboration of future national spot market rules. 

China’s power market reform has the potential to significantly raise system 
efficiency, reduce system costs and foster power sector decarbonisation. The 
IEA’s China Power System Transformation report of 2019 compares two 
scenarios: one fixes the planned-dispatch approach at 2017 levels, while the other 
uses economic dispatch with a moderate carbon price and maintains a modest 
generation allocation for gas-fired power in 2035 (IEA, 2019c). The analysis finds 
that a transition from planned to economic dispatch will result in significantly lower 
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power system operational costs, better wind and solar power integration, and a 
considerable drop in power sector emissions.  

Because it also aims to expand the use of efficient, low-emissions and least-cost 
resources, China’s national power market reform could reinforce the effectiveness 
of the ETS. Notably, the ETS’s price on carbon would be reflected in the merit 
order arrangement, and it would have a stronger impact on power plant generation 
in a least-cost dispatch system.  

However, despite recent progress in China’s power market reform, its dispatch 
mechanism still differs from the least-cost approach used in most mature power 
markets. The timing of its market reform rollout may complicate the application of 
allocation methodologies and benchmark-setting (IEA, 2020a). Effective policy 
co-ordination, design flexibility and timely adjustments are thus vital to improve 
system efficiency and facilitate China’s clean energy transition. 

Renewables deployment  
Thanks to continuous policy support and declining costs, the world’s yearly 
renewable capacity additions more than doubled in the past decade, reaching 
almost 200 GW in 2019. China has been the global engine of renewable capacity 
growth, responsible for 40% of the world’s new installations during 2010-2019 
(Figure 1.4). With its great resource potential, China now has the highest total 
installed hydropower, onshore wind, solar PV and bioenergy capacity globally. 

Figure 1.4  Annual renewable capacity additions by region, 2010-2019  

 
IEA. All rights reserved. 

Source: IEA (2020), Renewable Energy Market Update. 
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China’s success in renewable energy expansion was driven by a long-term vision 
and continuous policy support. Since 2006, the Renewable Energy Law covering 
the full spectrum of renewable technologies has been the legal and policy 
foundation for the large-scale development of renewables. The law covers such 
fundamental elements as capacity targets, planning, incentives, pricing 
mechanisms and cost sharing, and it has guided the formulation and promulgation 
of a series of FYPs on renewable development. 

The 13th FYP on Renewable Energy Development for 2015-2020 introduced 
ambitious development targets and policy mechanisms for renewables. For the 
power sector, it targeted installed renewable capacity of 675 GW by 2020: 
340 GW of conventional hydropower, 210 GW of wind power, 110 GW of solar 
and 15 GW of biomass. Renewable generation is set to account for 27% of total 
generation.  

A feed-in tariff (FIT) set by the government to cover all non-hydro technologies 
has been the main stimulus to achieve targets. As a result of its relatively high 
FITs, China had already achieved its non-hydro renewable capacity targets in 
2019 and attained around 280 GW of wind and 250 GW of solar PV installed 
capacity in 2020 (NEA, 2020; 2021).  

However, rapid renewable capacity development since 2015 has also introduced 
two key challenges. First, the FIT schemes created a national subsidy deficit that 
grew quickly because installed capacity greatly exceeded initial expectations, 
resulting in payment delays to renewable energy developers. Second, wind, solar 
PV and hydropower generation had to be curtailed substantially, especially over 
2015-2017. 

To meet these challenges and create a sustainable renewable energy industry, 
China’s national energy authorities are accelerating the policy transition from FITs 
to competitive auctions for wind and solar PV to reduce subsidies and achieve grid 
parity for renewables. Rapid transmission line construction and renewable 
portfolio mechanisms have also reduced curtailment rates and facilitated 
interprovincial renewable electricity trading.  

Government action will remain fundamental to renewable energy deployment 
during this policy transition. The effectiveness of the renewable portfolio standards 
officially introduced in 2020 to enable continuous renewable energy expansion 
needs to be tested and co-ordinated with other policies such as the ETS, green 
certificates and provincial electricity spot markets.  
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Following announcement of its ambition to reach carbon neutrality before 2060, 
China pledged to enhance its NDC commitments such that by 2030, 25% of its 
total primary energy consumption will be non-fossil energy (including renewables 
and nuclear) and its installed wind and solar power capacity will rise to more than 
1 200 GW (MoFA, 2020). 

System integration and flexibility sources 
Integrating variable renewable energy (VRE) such as wind and solar PV into the 
power system requires a progressive approach to ensure power system flexibility 
(Figure 1.5). The IEA has identified six phases that describe the changing impacts 
of VRE on the power system and resulting integration issues. At the lowest level 
the VRE share is marginal, while at the higher stages VRE dominates the power 
mix and long-term system flexibility is essential (IEA, 2020g). 

Figure 1.5 Key characteristics of the different phases of system integration 

 
IEA. All rights reserved. 

Source: IEA (2020), Introduction to System Integration of Renewables. 
 

In 2019, VRE generation in China accounted for 8.7% of total power production. 
Together with other integration indicators, this places China in Phase 2 nationally, 
although some provinces have considerably higher shares (e.g. Qinghai [25.5%] 
and Gansu [20.9%]), putting these regions in Phase 3. If VRE deployment remains 
rapid for several more years, China can expect to move to a higher level, which 
may require better and more flexible grid management, enhanced interprovincial 
electricity trading and the deployment of emerging power system technologies and 
flexibility measures. 

https://www.iea.org/reports/introduction-to-system-integration-of-renewables
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Comprehensive power system transformation to achieve high VRE proportions 
requires that action be taken in: 1) system operations and market rules, to increase 
the efficiency of plant operations and integrate environmental and climate costs 
such as the carbon cost; 2) flexible resource planning and investment; and 
3) system-friendly VRE deployment. Effective measures would not only promote 
VRE integration, but boost power system operational efficiency, reduce 
environmental impacts, promote investment and competition, and increase 
reliability and resilience. 

Coal-fired power plants, as the dominant component in China’s power mix, have 
enormous potential to provide system flexibility once their operational flexibility 
has been unlocked. In fact, in its 13th FYP for 2016-2020 China already identified 
and adopted flexibility-boosting retrofits of thermal power plants as an effective 
means to enhance overall system flexibility. The 13th FYP on Electric Power 
Development therefore seeks to retrofit 133 GW of co-generation capacity and 
86 GW of pure condensing coal-fired power plants to enhance their operational 
flexibility by 2020. This represents roughly one-fifth of China’s installed coal-fired 
power capacity. 

However, overall retrofitting progress has been relatively slow, with only 57 GW of 
coal-fired capacity retrofitted by the end of 2019. This can be ascribed largely to 
insufficient economic incentives and a lack of means to manage costs. As coal-
fired power is expected to hold a major share of China’s power portfolio for a 
relatively long time and its role in providing both electricity and flexibility remains 
critical, dedicated policy improvements and market design are required. 

Broader regional co-ordination, greater transmission interconnectivity and 
increased power trading are important flexibility resource options that could yield 
substantial economic benefits for China’s power system. The 2019 IEA report 
China Power System Transformation with an outlook to 2035 found that the fully 
optimised use of interregional transmission lines would cut operational costs 
substantially and significantly reduce VRE curtailment (IEA, 2019c). In addition, 
advanced flexibility options such as demand-side energy efficiency and the 
targeted use of electricity storage are crucial to accelerate China’s power system 
transformation. 

Some of the necessary advanced-flexibility technologies, such as for grids, 
storage infrastructure and digitalisation, will require further innovation to improve 
performance and reduce costs before they can be widely deployed. The IEA ETP 
Clean Energy Technology Guide outlines the pressing technology advances 
needed to meet net-zero targets, as well as ongoing research, development and 
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demonstration (RD&D) activities globally that could support Chinese decision 
makers’ efforts to guide domestic innovation (IEA, 2020h). To ensure that 
emerging energy technologies are fully adapted to China’s specific needs, all key 
components of China’s innovation system (e.g. RD&D investments, market 
incentives and smooth knowledge-sharing among innovators) could be 
strengthened in the 14th FYP. 

Boosting power system flexibility from the existing power fleet (coal-fired, gas-fired 
and hydro), creating further transmission interconnections and making storage 
and demand-response options readily available are therefore important priorities 
to enable rapid power system transformation in China. 

CCUS development  
Equipping coal- and gas-fired power plants with CCUS technology could cut their 
CO2 emissions by well over 90%. CCUS could thus be an important element of 
power sector decarbonisation, supplementing and supporting renewable energy 
expansion. 

• Retrofits: Fitting existing coal-fired power plants with CCUS permits them to 
continue operating, avoiding the costly early retirement of valuable assets and 
allowing the continued use of domestic coal resources. As nearly half of the global 
coal-fired power capacity of 2 100 GW in operation today is in China, where coal-
fired plants are less than 13 years old on average, the risk of emissions being 
locked in for decades is high (IEA, 2020i). 

• Integration of renewables: While coal- and gas-fired power plants already 
provide flexibility and stability to the electricity system, equipping them with CCUS 
would allow them to continue doing so at a substantially lower emissions intensity. 
Being able to generate electricity on a continuous basis is a particularly valuable 
service for electricity systems with strong seasonal variations in renewable energy 
output.  

Although CCUS equipment raises electricity generation costs for plants 
individually, it could be integrated into an optimised low-carbon portfolio that 
minimises electricity costs for the system overall. Furthermore, equipping plants 
with CCUS could facilitate more gradual job transitioning in the coal industry. 

In the IEA Sustainable Development Scenario, CCUS is credited with around 15% 
of the world’s cumulative power sector emissions reductions to 2070. However, 
attaining this level would require the amount of CO2 captured from coal- and gas-
fired power plants worldwide to increase continuously over the coming decades. 
Coal-fired plants equipped with carbon capture are the main application of CCS to 
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2040, mainly in China. They capture around 1 250 Mt CO2 in 2040 and provide 
over 2% (900 TWh) of the global electricity supply (IEA, 2020i). 

CCUS retrofits are particularly relevant for China. According to a 2016 IEA 
assessment, 310 GW of the 560 GW of coal-fired power plants then operated by 
members of the China Electricity Council (CEC) met the basic CCUS retrofit 
suitability criteria pertaining to CO2 storage access, plant age, size, load factor and 
location. With costs adjusted to representative Chinese levels, the 100 GW of 
coal-fired power plants with the lowest retrofit costs have a maximum additional 
levelised cost of electricity (LCOE) of CNY 168/MWh (around USD 24/MWh) (IEA, 
2016). 

More innovation and deployment are needed to improve performance and 
decrease the costs of CCUS technologies so that they meet China’s power sector 
decarbonisation needs (IEA, 2020f). There is evidence that the cost of CCUS for 
large-scale coal-fired power plants has already fallen owing to the learning-by-
doing effect: for instance, the capture cost at the Petra Nova CCUS plant is 35% 
lower than at the Boundary Dam CCUS project (GCCSI, 2019; IEAGHG, 2018). 
Further LCOE reductions of up to 30% are expected with CCUS, with the adoption 
of various emerging capture technologies (IEA, 2020i). Market-based instruments 
such as China’s national ETS could provide additional incentives for low-carbon 
energy RD&D, including for CCUS technologies. 

The economic viability of CCUS depends on storage availability, project-specific 
costs, and competitiveness with other low-carbon solutions. Renewable electricity 
generation is likely to have a cost advantage over CCUS-retrofitted power plants 
on a per-kWh basis in regions with abundant wind and solar resources. In fact, 
onshore wind is already more cost-effective than coal + CCUS generation in most 
of China’s provinces (Fan et al., 2019) and renewable energy consumption is 
expected to be facilitated by planned high-voltage transmission lines. CCUS in the 
power sector will most likely be successful only if its value for the entire power 
system is recognised.  

While no large-scale CCUS power generation projects8 are currently operational 
in China, several are being planned and some demonstration projects have been 
operated successfully in the past decade. Opportunities for the near-term 
development of CCUS hubs for power plants and industries include regions with 
good CO2 enhanced oil recovery opportunities or a high concentration of coal-fired 
power plants with energy-intensive industrial facilities in close proximity to CO2 

 
                                                                 
8  In this analysis, “large-scale” implies the capture of at least 0.8 Mt CO2/year for a coal-based power plant and 
0.4 Mt CO2/year for a natural gas-based plant. 
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storage resources, notably in China’s northern provinces (Xinjiang, Inner 
Mongolia, Heilongjiang, Jilin, Shanxi and Shaanxi) (IEA, 2020i). 

Policy support is also vital to develop and deploy CCUS technologies. China has 
included CCUS in its future national carbon mitigation strategies since the 12th 
FYP (2011-2015), the National Climate Change Plan (2014-2020) identifies CCUS 
as a key breakthrough technology, and multiple guidance documents have 
included support for CCUS. Furthermore, the updated May 2019 “Roadmap for 
Development of Carbon Capture, Utilisation and Storage Technology in China” 
provides a strategic vision and sets incremental goals to 2050 for CCUS 
development in China (ACCA21/MOST, 2019). The roadmap stipulates CCUS 
readiness for industrial applications by 2030 and aims to reduce CO2 capture costs 
and energy consumption 10-15% by 2030 and 40-50% by 2040. However, 
challenges include the lack of a legal and policy framework, limited market 
stimulus and inadequate subsidies (Jiang et al., 2020).  
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Chapter 2 China’s ETS supports 
power sector transformation and 
the peaking of CO2 emissions 

By assessing the effects of an emissions trading system (ETS) on China’s national 
and regional power generation mixes and CO2 emissions under free allocation, 
this chapter explores how China’s national ETS can support the country’s power 
sector transformation. The analysis, based on in-depth power sector modelling for 
2020 to 2035, offers insights to design a benchmark trajectory that would promote 
the peaking of power generation CO2 emissions before 2030 and make the ETS 
an important driver of power system transition.  

This study assumes full implementation of the national ETS in the power sector 
during the 14th Five-Year Plan (FYP) period and significant power market reform 
by 2025, including a transition towards least-cost dispatch that also integrates the 
cost of carbon, and interprovincial transmission line expansion. Despite declining 
during the Covid-19 crisis in the first quarter of 2020, electricity demand is 
expected to resume sustained growth to 2035. Policy support for gas and low-
carbon energy technologies (e.g. nuclear, renewables, CCUS and grid equipment) 
is assumed to continue as China tries to achieve its clean energy transition and 
meet its emissions-peaking and carbon-neutrality goals.  

Modelling approach and key assumptions  
This report uses a market-based power system model that minimises total power 
system costs, and that includes both endogenous capacity and transmission line 
expansion and dispatch modules, to analyse how China’s ETS affects the 
country’s power sector. The model uses 2015 as the base year and then iterates 
in five-year increments to assess potential ETS impacts up to 2035. The simulation 
for 2020 has been strongly calibrated based on 2019 statistics and the 13th FYP 
targets.9 Initial national and provincial capacity and generation mixes are based 
on data from the China Electricity Council (CEC). 

 
                                                                 
9 When actual development differs significantly from the initial 13th FYP targets (such as for installed solar PV capacity), 
results for 2020 are calibrated to reflect actual development. 
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The modelling exercise incorporates key assumptions for power sector 
development, technology costs and policy trends, permitting the simulation of 
coherent and robust scenarios to assess the ETS’s effects on China’s power 
system and its potential to support China in achieving its climate and energy 
objectives (see Annex A for a more detailed description of the model and key 
inputs): 

• Electricity demand data for 2015 are drawn from the CEC. Assumptions for 2020 
take into account development to 2019, and a 1.7% growth rate was set for 
national electricity demand during 2019-2020 to reflect Covid-19 impacts. 
Assumptions for future electricity demand are aligned with the WEO Stated Policy 
Scenario (STEPS) (IEA, 2019a).  

• The model assumes partly planned dispatch in 202010 and economic dispatch 
from 2025 onwards, and optimises capacity and generation mixes accordingly. 
Minimum operating hours (2 500 hours per year) are assumed for gas-fired plants 
to reflect the political push and incentives for gas-fired power generation. 

• Installation and operating cost assumptions for different technologies are based 
on CEC data (CEC, 2016), Cost of Electric Power Projects (EPPEI and CREEI, 
2017), World Energy Outlook 2019 (IEA, 2019a), China Power System 
Transformation (IEA, 2019c), and a National Renewable Energy Laboratory 
(NREL) study (Hand et al., 2016).  

• Regional coal prices for 2015 and 2020 are based on data from the China Coal 
Transportation and Distribution Association (CCTD), while regional gas prices for 
2015 and 2020 are based on the gate price for gas in China and on the IEA New 
Policies Scenario (NPS) Full flex case in China Power System Transformation 
(IEA, 2019c). Average annual fuel price growth follows the WEO STEPS (IEA, 
2019a). 

• FITs for newly installed wind and solar PV are phased out after 2020. Continuous 
wind and solar development are assumed to be supported by other technology, 
energy or fiscal policies. Minimum levels of wind and solar PV capacity expansion 
are assumed based on 13th FYP trends. 

• The model assumes that all units monitor their CO2 fuel factor. This assumption 
might be optimistic for 2020, but it is expected to be standard by 2025. As 
bituminous coal is the main type of coal used for electricity generation, this study 
uses 95 kg CO2/GJ as the average monitored fuel factor for coal, based on  IPCC 
2006 guidelines for the emission factor of “other bituminous coal” (IPCC, 2006). 

The ETS is modelled by an emissions constraint function wherein total verified 
CO2 emissions cannot be superior to the total CO2 allowances allocated under the 
ETS. The model implements the ETS with an output- and rate-based allocation 

 
                                                                 
10 A minimum of 1 500 operating hours per year is applied to all coal-fired units. 
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design, with the number of allowances based on electricity generation and 
technology-specific benchmarks. Verified CO2 emissions represent allowances 
that must be returned for compliance with the ETS, and they are calculated by 
multiplying fuel consumption by the CO2 fuel factor. The allowance price is an 
output of the model; it reflects the marginal cost of emissions abatement that 
minimises total system costs to meet the allocated number of allowances. The 
allowance price depends strongly on the stringency of the benchmarks. 

The electricity cost reflects the average system cost per unit of electricity 
generated. Total system costs include annualised capital costs and operating 
costs for electricity generation, as well as the costs of balancing supply and 
demand, and of transmission. The electricity unit cost is calculated as the total 
power system cost divided by total electricity generation. 

Scenario design  
This analysis relies on quantitative outputs from scenario simulations designed 
specifically to compare and evaluate the roles and effects of ETS design in China’s 
power sector.  

China’s ETS is currently designed to encourage greater thermal power plant 
efficiency, limit power sector CO2 emissions and support the emissions-peaking 
goal. This analysis assumed a set of benchmark values for the ETS Scenario, 
which apply to four technology categories: unconventional coal-fired units; 
conventional coal-fired units at and below 300 MW; conventional coal-fired units 
above 300 MW; and gas-fired power units. The benchmark design for 2020 
(Table 2.1) would reduce the average CO2 emissions intensity 11  of thermal 
electricity by about 3.5% from the 2015 level.12 Only the ultra-supercritical units 
have an average CO2 emissions intensity lower than the benchmark applied to 
them (Figure 2.1). 

Coal- and gas-fired power units equipped with CCS are assumed to be subject to 
the same benchmark as the large conventional coal- and gas-fired units 
respectively. The average CO2 emissions capture rate by a CCS-equipped unit is 
set at 85% for this analysis.  

 
                                                                 
11 In this analysis, CO2 emissions intensity refers to CO2 emissions per unit of electricity generated, expressed in gCO2/kWh. 
12 Benchmark value assumptions were defined before the publication of China’s ETS 2019-2020 allowance allocation plan 
for the power sector and are different from the official benchmark values for 2019-2020. This report’s analysis is based on 
modelling results from the scenarios presented. 
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 Benchmark design assumptions for 2020 

Benchmark category Technology type 
CO2 emissions benchmark 
for electricity generation 

(g CO2/kWh) 

Unconventional coal-fired units Circulating fluidised bed (CFB) 989 

Conventional coal-fired units at and 
below 300 MW  

High-pressure 
Subcritical ≤ 300 MW 
Supercritical ≤ 300 MW 

907 

Conventional coal-fired units above 
300 MW 

Subcritical > 300 MW 
Supercritical > 300 MW 
Ultra-supercritical 
Coal+CCS 

829 

Gas-fired units Gas 
Gas+CCS 376 

Figure 2.1 CO2 emissions intensity by technology in 2015 and benchmark design for 
2020 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

The average CO2 emissions intensity of coal-fired units will decrease gradually, 
as new deployment will involve mainly high-efficiency units. Low-efficiency or older 
ones will be retired upon reaching the end of their lifetime (assumed to be 
30 years) or as continued operation becomes uneconomical. This will result in a 
surplus of total CO2 allowances if the benchmarks remain unchanged, leading to 
a lack of incentives for coal- and gas-fired units to reduce their CO2 emissions 
(IEA, 2020a). Thus, the ETS Scenario assumes that benchmarks will gradually be 
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be lowered by small increments during the initial years of the ETS to reduce shock 
for market participants and facilitate smooth introduction of the system. The 
tightening rate increases from 2025 to support the peaking of power sector CO2 
emissions before 2030. 

Two scenarios have been developed to evaluate the implications of China’s ETS 
with an output-based design and free allocation (Table 2.2):  

• The No-Carbon-Pricing Scenario is the counterfactual scenario against which 
the role of the ETS is evaluated. 13  The No-Carbon-Pricing Scenario has no 
specific policies to control CO2 emissions (i.e. neither an ETS nor command-and-
control policies such as an emissions cap or energy consumption standards), but 
it assumes economic dispatch from 2025 and minimum wind and solar PV 
capacity deployment. 

• The ETS Scenario is the main scenario for assessing the role of China’s ETS in 
its power sector. In addition to the assumptions in the No-Carbon-Pricing Scenario, 
the ETS Scenario implements a national ETS for electricity generation from 2020 
onwards with free output-based allowance allocation. It also assumes that 
benchmarks for all coal-fired technologies are lowered (i.e. made stricter) over 
time. As in China’s current ETS allowance allocation plan, gas-fired units with an 
allowance deficit are not required to purchase allowances for compliance. There 
is no provision for allowance banking.  

• An Intensity Target Case within the No-Carbon-Pricing Scenario simulates the 
effects of using mandatory energy consumption standards to drive emissions 
reductions. For comparison purposes, this case follows the same emissions 
reduction trajectory as the ETS Scenario. 

 Scenario design 

Scenario 
Emissions-

control 
instrument 

Allowance 
allocation 

Benchmark trajectory 

 2020-
2025 

2025-
2030 

2030-
2035 

No-Carbon-
Pricing 

Scenario 

No specific 
emissions controls -/- -/- 

ETS Scenario Emissions trading 
system Free allocation 

Benchmark tightening 
at the same rate for 
all coal-fired units’ 
benchmarks. 

3% 6% 6% 

Constant benchmark for gas-fired units. 

Note: Percentage values show reductions over the five-year period.  
 

 
                                                                 
13 The No-Carbon-Pricing Scenario serves as the baseline scenario to assess the ETS’s effects and potential. It differs from 
the World Energy Outlook (WEO) Stated Policies Scenario (STEPS), which reflects the impact of existing policy frameworks 
and announced policy intentions and includes carbon prices for China’s power, industry and aviation sectors.  
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Overview of power sector development under 
the No-Carbon-Pricing Scenario 

Fuelling the country’s rapid economic growth, electricity demand in China has 
increased more than fivefold since 2000. Although the average annual growth rate 
has fallen gradually from 13% in 2000-2005 to 6.4% in recent years, growth is still 
significant and remains well above the world average of 3.1% (IEA, 2020b). 
China’s electricity demand is expected to continue growing at an average annual 
rate of nearly 3% between 2020 and 2035. Most of the projected increase occurs 
during 2020-2025, when demand rises 20-25%; thereafter, growth slows to around 
10-15% during the periods of 2025-2030 and 2030-2035 (IEA, 2019a).  

Without specific policy incentives to reduce emissions, sustained electricity 
demand growth during 2020-2035 would lead to higher generation from all 
sources, including from unabated coal-fired technologies. This would cause power 
sector CO2 emissions to climb despite fleet efficiency improvements and steady 
renewables deployment.  

In our No-Carbon-Pricing Scenario, electricity generation from both fossil and non-
fossil fuels expands to meet increasing demand (Figure 2.2). Shares of coal-fired 
electricity fall to 52% of the generation mix and 32% of capacity by 2035 as other 
generation sources, particularly wind and solar, expand more rapidly. 
Nevertheless, coal-based generation still increases 29% in absolute terms. Within 
coal-fired power, ultra-supercritical units become the dominant source by 2025 as 
their running hours increase significantly after the transition to economic dispatch 
and as their share as the most efficient technology in the coal-fired capacity mix 
grows. By 2035, ultra-supercritical units account for 74% of coal-fired power 
generation.  

Meanwhile, the running hours of CFB and high-pressure units drop by more than 
50% by 2035, while those of subcritical and supercritical units stabilise at around 
3 200 hours (subcritical) and 4 300 hours (supercritical) during 2025-2035. 
Average fuel consumption declines from 310 gce/kWh in 2020 to 300 gce/kWh by 
2025, then decreases at a slower pace to 289 gce/kWh by 2035. Gas-fired units 
maintain a stable share of the electricity mix. By 2035, the average emissions 
intensity of the thermal power fleet decreases to 757 g CO2/kWh in the No-
Carbon-Pricing Scenario, an 8% reduction from 2020. 
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Figure 2.2 Electricity generation and related CO2 emissions in the No-Carbon-Pricing 
Scenario, 2020-2035 

 
IEA. All rights reserved. 

 

Total coal-fired power capacity remains relatively stable between 2020 and 2025 
at slightly below 1 100 GW, a target set in the 13th FYP and reaffirmed by the 
NDRC in June 2020 (NDRC, 2020; NDRC and NEA, 2016a, 2016b). It begins to 
decline slowly before 2030 to fall to around 1 050 GW by 2035. The coal-fired 
capacity mix continues to shift towards the most efficient units as old and less-
inefficient ones are retired at the end of their expected lifetimes or because they 
have become uncompetitive, while new installations include only the most efficient 
ultra-supercritical units (Figure 2.3). Nearly 220 GW (44%) of the less-efficient 
coal-fired power capacity in 2020 (152 GW of subcritical, 53 GW of high-pressure 
and 12 GW of CFB) could retire by 2035 in the No-Carbon-Pricing Scenario. As 
the retirement pace accelerates, less-efficient units are retired at a rate of 40 GW 
during 2020-2025, 65 GW in 2025-2030 and 115 GW in 2030-2035.  

Around 50 GW of supercritical and ultra-supercritical units could also be retired 
before 2035 as their average expected lifetime of 30 years comes to an end or 
they lose economic competitiveness under least-cost dispatch rules due to high 
local fuel costs, though this represents less than 20% of expected retirements. 
Meanwhile, more than 220 GW of ultra-supercritical capacity could be installed 
between 2020 and 2035 to meet rising electricity demand, resulting in a relatively 
stable level of total coal-fired power capacity. By 2035, ultra-supercritical units 
could account for 55% of coal-fired capacity, and the average operational 
efficiency of the coal-fired fleet could reach 43%. No CCS-equipped units are 
expected to be installed without policy support. 
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Figure 2.3 Capacity changes in coal- and gas-fired power capacity in the No-Carbon-
Pricing Scenario, 2020-2035 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

With wind and solar capacity expanding at the same pace as during the 13th FYP 
period, the share of non-fossil sources in the total capacity mix would increase 
steadily from 43% in 2020 to 62% in 2035. Nevertheless, their share in the 
generation mix would grow by only 10 percentage points to 44% in 2035, with the 
share of renewables increasing from 29% to 36% and nuclear reaching 8%, 
bringing the average CO2 emissions intensity of total electricity generation to 
431 g CO2/kWh, roughly 21% lower than in 2020. 

As unabated coal-fired power continues to dominate the power mix, emissions 
from electricity generation climb to 4.89 Gt CO2 by 2035 in the No-Carbon-Pricing 
Scenario, a 21% increase from the projected level of 4.04 Gt CO2 for 2020 14 
(Figure 2.2). While growth slows significantly after 2020-2025 (the period in which 
two-thirds of the increase in annual emissions occurs), emissions from electricity 
generation would continue their upward trend beyond 2030 at an average annual 
growth rate of 0.5%. This would limit China’s ability to achieve its updated NDC 
commitment of peaking economy-wide CO2 emissions before 2030. 

 
                                                                 
14 The model’s estimate is likely to be 5-10% lower than actual emissions from electricity generation, as the model applies 
the IPCC 2006 guideline value of 95 kg CO2/GJ for “other bituminous coal” as the average CO2 fuel factor for coal.  
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The ETS could accelerate national-level 
power sector decarbonisation  
Overview of ETS impacts on power sector emissions 

With benchmarks that become more stringent over time, China’s ETS can have 
an important role in reducing power sector CO2 emissions by 2035 without raising 
average electricity costs from 2020.  

In the ETS Scenario, technology benchmarks with free allocation produce an 
allowance price slightly above CNY 100/t CO2 (USD 15/t CO2) in 2020, increasing 
to around CNY 360/t CO2 (USD 52/t CO2) in 2035.15 The price rise is moderate 
during the first five years because the benchmark-tightening rate is designed to 
smoothen ETS implementation; as the benchmarks are lowered (i.e. made more 
stringent) more rapidly from 2025, the price almost doubles to around 
CNY 340/t CO2 in 2030. Allowance prices would increase much more slowly in the 
2030-2035 period, as CCS deployment would generate significant allowance 
surpluses at a lower emissions-reduction cost than in 2030.  

With an effective and evolving allowance price, emissions from electricity 
generation could peak well before 2030 and then gradually fall to 4.3 Gt CO2 by 
2035 – 12% lower than in the No-Carbon-Pricing Scenario without ETS and about 
7% above the 2020 level (Figure 2.4). 

Figure 2.4 CO2 emissions from electricity generation and allowance prices in the No-
Carbon-Pricing and ETS scenarios, 2020-2035 

 
 IEA. All rights reserved. 

 

 
                                                                 
15 Under an ETS with output-based allocation, the allowance price does not directly translate into an effective carbon cost 
that applies to a power unit. The effective carbon cost will also depend on the unit’s performance relative to its benchmark 
and would thus differ from one technology to another.  
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The ETS incentivises multiple changes that contribute to CO2 emissions 
reductions. Figure 2.5 illustrates the effects of factors that spur additional CO2 
emissions reductions under the ETS Scenario compared with the No-Carbon-
Pricing Scenario in 2025, 2030 and 2035. In the ETS Scenario, emissions 
reductions would mainly result from advances in coal-fired power generation, and 
the ETS would impact the power mix in two successive phases.  

From 2020 to 2030, changes in operational patterns resulting from ETS allocation 
and the accelerated capacity mix shift from less- to more-efficient unabated coal-
fired power technologies are the main sources of additional emissions reductions. 
They could reduce emissions by more than 180 Mt CO2 in 2035.  

From 2030 onwards, the ETS would support CCUS deployment for coal-fired 
power plants as the allowance price rises and as CCS-equipped coal-fired units 
begin to benefit most from the tightened coal-fired-power benchmark. More than 
50% of the additional emissions reduction in 2035 under the ETS results from a 
shift from unabated to CCS-equipped coal-fired generation.  

In addition, prospective efficiency improvements of all technologies would reduce 
CO2 emissions by 50 Mt and account for 9% of the additional CO2 emissions 
reductions in the ETS Scenario in 2035. 

Finally, the technology-specific benchmarking approach leaves untapped some of 
the ETS’s potential to incentivise gas-fired power, renewables and other non-fossil 
technologies. The ETS Scenario with tightening benchmarks and free allocation 
would not offer further encouragement for non-fossil electricity generation before 
2030 and would provide only a small incentive after 2030, resulting in 5% of the 
additional CO2 emissions reductions compared to the No-Carbon-Pricing Scenario 
by 2035. The shift from coal- to gas-fired power generation is marginal due to the 
high domestic price gap between coal and gas, but also because technology-
specific benchmarks encourage emissions intensity improvements within each 
benchmark category rather than a technology shift. 
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Figure 2.5 Factors yielding additional emissions reductions in the ETS Scenario 
compared with the No-Carbon-Pricing Scenario, 2025-2035 

  
IEA. All rights reserved. 

 

An ETS with tightened benchmarks could trigger 
changes in the coal-fired power mix 

China’s ETS has the potential to significantly alter the coal-fired power mix, as it 
could lead to the most efficient ultra-supercritical technology becoming dominant, 
both by influencing coal-fired unit operations and by reshaping the capacity mix.  

The ETS’s allocation design encourages higher coal-fired power generation 
efficiency. In the ETS Scenario, ultra-supercritical units would benefit the most 
from allowance surpluses, while other coal-fired technologies on average would 
have allowance deficits from the start of the ETS in 2020; this distributional effect 
by technology continues to widen slightly in 2025 (Figure 2.6). The ETS thus 
increases the generation costs of the less-efficient technologies, shifting the 
generation mix and accelerating the retirement of less-competitive units.  
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Figure 2.6 Net allowance balance by coal technology in the ETS Scenario, 2020 and 
2025 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

In the ETS Scenario, the share of generation from ultra-supercritical units in total 
coal-fired generation (excluding CCS-equipped units) rises rapidly to 66% in 2025, 
compared with 58% in the No-Carbon-Pricing Scenario. By 2035, nearly all 
unabated coal-fired electricity would be generated by ultra-supercritical or 
supercritical units, with ultra-supercritical accounting for over 90% (Figure 2.7).  

The average efficiency of the unabated coal-fired fleet thus improves more rapidly 
under the ETS. Average energy consumption per unit of electricity produced could 
fall to 294 gce/kWh by 2025, a 5% improvement from the 310 gce/kWh target set 
in the 13th FYP for coal-fired power units in operation, and a reduction of 
6 gce/kWh more than under the No-Carbon-Pricing Scenario in 2025. The 
average efficiency of the unabated coal-fired fleet continues to improve to 
281 gce/kWh in 2030 and 275 gce/kWh in 2035 – 15 gce/kWh lower than without 
an ETS. The emissions intensity of unabated coal-fired generation thus decreases 
to 764 g CO2/kWh by 2035, which is an 11% reduction from 2020 and is 
significantly below the 803 g CO2/kWh modelled in the No-Carbon-Pricing 
Scenario.  
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Figure 2.7 Electricity generation by unabated coal-fired power technology in the No-
Carbon-Pricing and ETS scenarios, 2020-2035 

 
IEA. All rights reserved. 

Notes: No-CP = No-Carbon-Pricing. CFB = circulating fluidised bed. 
 

The ETS stimulates this change in the coal-fired power generation mix both by 
influencing the short-term operational patterns of coal-fired units and by guiding 
longer-term plant retirements and investment decisions.  

With the power system transitioning to economic dispatch, the incentives created 
by the ETS would directly affect generator operations and running hours. In 2025, 
subcritical units run 17% less in the ETS Scenario than in the No-Carbon-Pricing 
Scenario. By 2035, units with relatively low efficiency (CFB, high-pressure and 
subcritical) would serve as backup capacity only, with average running hours kept 
below 500. Meanwhile, for ultra-supercritical units that benefit from competitive 
electricity production costs and ETS allowance surpluses, operating hours rise 
further and are roughly 5% higher in the ETS Scenario than in the No-Carbon-
Pricing Scenario. 

In addition to important operational pattern changes, the ETS Scenario would also 
lead to more ultra-supercritical installations and the accelerated early retirement 
of less-efficient units before 2030 (Figure 2.8). 146 GW of subcritical, high-
pressure and CFB units could be retired between 2020 and 2030 – 43% more than 
in the No-Carbon-Pricing Scenario. The additional retirements of less-efficient 
units concern mainly 25 GW of subcritical and 17 GW of CFB capacity.  

Meanwhile, despite their higher efficiency, supercritical units subject to the 
benchmark for large conventional coal-fired power units (and thus facing the same 
stringency as ultra-supercritical units) would also be retired more under the ETS. 
Around 50 GW of supercritical units could be retired by 2030 in the ETS Scenario, 
more than three times the 15 GW under the No-Carbon-Pricing Scenario. 
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In contrast, the ETS Scenario could add 110 GW more ultra-supercritical capacity 
than the No-Carbon-Pricing Scenario would, particularly during 2025-2030. This 
demonstrates the effects of a widening allowance surplus for ultra-supercritical 
units and deficits for other technologies between 2025 and 2030 as the 
benchmarks tighten more sharply than during the first five-year period.  

Figure 2.8 Capacity changes by coal-fired power technology in the No-Carbon-Pricing 
and ETS scenarios, 2020-2035 

 
IEA. All rights reserved. 

Notes: No-CP = No-Carbon-Pricing. CFB = circulating fluidised bed. 
 

From 2030, however, as the emissions intensity benchmarks become increasingly 
stringent and create pressure even for ultra-supercritical units, the ETS shifts to 
encourage CCS technology uptake while spurring more retirements and fewer 
installations of all unabated coal-fired power technologies. 

China’s ETS could be a key mechanism to incentivise 
CCUS uptake and prompt the peaking of unabated coal-
fired power generation 

With the complementary effects of allowance prices rising as benchmarks tighten 
and CCUS technology costs falling thanks to greater innovation and deployment 
measures, the ETS could evolve to limit generation from all non-CCS coal-fired 
technologies to an even greater extent. Together with other policy tools, China’s 
ETS could support coal + CCS deployment in the power sector as early as 2030. 
This would help China’s power sector emissions fall by 2030 and lead total 
electricity generation from unabated coal-fired units to peak before 2035.  
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All unabated coal-fired power technologies, including ultra-supercritical units, will 
on average have an allowance deficit by 2030. Meanwhile, CCS-equipped coal-
fired units, which we assume to be covered by the same benchmark as other 
conventional coal-fired units above 300 MW but that emit significantly less CO2, 
will benefit from an allowance surplus to become competitive earlier despite their 
higher capital costs16 (Figure 2.9). 

Figure 2.9 Net allowance balance by coal-fired power technology in the ETS Scenario, 
2030 and 2035 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

As CCS-equipped coal-fired units can gain revenues by selling surplus allowances 
(estimated to be worth CNY 340/t CO2 in 2030), the ETS could act as a subsidy 
of approximately CNY 0.2/kWh17 for coal + CCS technology under the allowance 
allocation rules analysed. This would help reduce the overall coal + CCS 
generation cost to CNY 0.2/kWh in regions such as Inner Mongolia where coal 
prices are low, while the cost for the most efficient new ultra-supercritical units 
would be slightly higher at CNY 0.21/kWh (Figure 2.10). 

It is nevertheless important to note that the ETS does not operate as a unified 
carbon cost for all the technologies it applies to. Instead, costs and revenues 
depend on benchmark stringency relative to the emissions intensity of each 
technology. Consequently, while coal + CCS could benefit considerably from the 
ETS rules, the effective carbon cost for unabated coal-fired power would be much 

 
                                                                 
16 See Annex, Table A.2, for technology cost assumptions. 
17 The ETS incentive level is calculated by multiplying allowance surpluses received by coal+CCS units by the allowance 
price, divided by total generation from coal+CCS units.  
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lower on average, at around CNY 0.02/kWh in 2035 (the next section further 
analyses effective carbon costs by technology; see Figure 2.13).  

Figure 2.10 LCOE of ultra-supercritical and CCS-equipped coal-fired power in 
provinces with low coal prices (e.g. Inner Mongolia) in the ETS Scenario, 
2020-2035  

 
IEA. All rights reserved. 

Notes: USC = Ultra-supercritical. O&M = operation and maintenance. LCOE = levelised cost of electricity. 
 

With the support of its allowance allocation design, the ETS could act as a subsidy 
to help CCS-equipped coal-fired units enter the power mix. Sustained support for 
innovation in the near term and clear deployment policies in the medium term are 
critical to improve performance and reduce the costs of applying CCS to coal-fired 
generation. In 2030, new coal + CCS units are expected to make up 1.5% of coal-
fired power capacity and contribute 3% of output in the ETS Scenario. By 2035, 
the share rises to 5% of coal-fired capacity (57 GW) and 8% of generation 
(473 TWh). 

As CCS technology comes online and the costs of unabated coal-fired generation 
increase under the ETS, unabated coal-fired units generate approximately 
5 480 TWh in 2030 in the ETS Scenario – 3% (150 TWh) less than in the No-
Carbon-Pricing Scenario. And contrary to the continuous growth trend of the No-
Carbon-Pricing Scenario, unabated coal-fired power generation falls to 5 340 TWh 
in 2035 in the ETS Scenario, a reduction of 9% or nearly 540 TWh compared with 
no ETS (Figure 2.11).  
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Figure 2.11 Coal-fired power generation and capacity mixes in the No-Carbon-Pricing 
and ETS scenarios, 2025-2035 

 
IEA. All rights reserved. 

Notes: No-CP = No-Carbon-Pricing. CFB = circulating fluidised bed. 
 

By incentivising coal + CCS uptake and rapidly putting unabated coal-fired 
generation – the power sector’s largest emissions source – on a downward 
trajectory, the ETS delivers emissions reduction benefits. With CCS technology 
capturing 85% of plant emissions, the switch to coal + CCS could help avoid 
around 100 Mt CO2 of emissions in 2030 and 290 Mt CO2 in 2035. The average 
emissions intensity of the coal-fired fleet in the ETS Scenario falls to 
713 g CO2/kWh by 2035 with CCS deployment, 7% lower than the 764 g CO2/kWh 
of the unabated coal-fired fleet and 11% below the 803 g CO2/kWh in the No-
Carbon-Pricing Scenario. 

With technology benchmarks and free allocation, the 
ETS would provide limited incentives for gas-fired and 
non-fossil generation  

While the ETS’s allocation design can have a strong impact on China’s coal-fired 
power production, its role in incentivising non-fossil alternatives or gas-fired 
generation is limited by technology-specific benchmarks and free allowance 
allocation. 

While generation from unabated coal-fired technologies is notably lower under the 
ETS than in the No-Carbon-Pricing Scenario from 2030 onwards, the generation 
gap is mostly filled by CCS-equipped coal-fired units. In 2035, coal + CCS 
generation reaches 473 TWh (4% of total generation) under the ETS compared 
with being absent from the No-Carbon-Pricing Scenario mix. In contrast, 
generation from gas-fired units is only 22 TWh more under the ETS; the output 
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increase from non-fossil sources is equally small at 66 TWh and comes mainly 
from biomass and hydropower (Figure 2.12).  

Similarly, in terms of capacity, the ETS Scenario would not provide sufficient 
incentives to encourage installation of gas-fired or variable renewable energy 
capacity beyond what would be installed in the No-Carbon-Pricing Scenario. 
Instead, new coal-fired power capacity continues to be installed under the ETS, 
which could increase the risk of emissions lock-in and the need for future CCS 
retrofits or early retirements. 

Figure 2.12  Generation differences between the ETS and No-Carbon-Pricing 
scenarios, 2025-2035 

 
IEA. All rights reserved. 

Note: No-CP = No-Carbon-Pricing. 
 

Under free allocation, an ETS with an output-based design and technology-
specific benchmarks would have limited effect on promoting cross-technology 
switching. The output-based design and free allocation grant generators 
allowances in proportion to their production activities for free. Units generating 
electricity at an emissions intensity exceeding their applicable benchmark face 
allowance deficits, while those performing better than the benchmark (i.e. at a 
lower emissions intensity) receive allowance surpluses as they produce. The 
effective carbon cost (in CNY per kWh of generation produced) applied to a unit 
thus depends not only on the allowance price but also on the unit’s performance 
relative to its applicable benchmark, instead of on its absolute emissions intensity 
(Figure 2.13). The price of the allowances traded under the ETS therefore does 
not act as a uniform carbon tax on all technologies. 
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Under the ETS benchmark trajectory analysed, the effective carbon cost would be 
around CNY 0.01/kWh or lower for most unabated coal-fired power technologies 
in 2020-2025. Meanwhile, ultra-supercritical units would likely receive a monetary 
incentive, as they typically perform better than the benchmark for conventional 
coal-fired units above 300 MW. As benchmarks gradually tighten, the allowance 
balance shifts (Figure 2.6 and Figure 2.9) and the allowance price increases. The 
effective carbon cost could rise to more than CNY 0.12/kWh for the least-efficient 
coal-fired units by 2035, but on average it remains below CNY 0.02/kWh for ultra-
supercritical units, which account for the majority of unabated coal-fired power 
generation. 

Figure 2.13   Average CO2 cost by technology in the ETS Scenario, 2020-2035 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

Gas-fired power units have no obligation to purchase allowances and thus do not 
face an additional CO2 cost under the ETS, but they also would not be able to 
benefit from strong revenues the way coal + CCS units could. As the gas 
benchmark is set according to the emissions intensity of gas-fired units and is thus 
much lower than coal benchmarks, gas-fired units would receive an allowance 
surplus of less than 10 million annually between 2020 and 2035 under the 
benchmark trajectory analysed. In 2035, under an allowance price of around 
CNY 360/t CO2, the 7-million allowance surplus for gas-fired units would have a 
monetised value of CNY 2.6 billion; in comparison, coal + CCS would receive a 
270-million allowance surplus worth more than CNY 96 billion. While coal + CCS 
would benefit from an emissions abatement ‘subsidy’ of CNY 0.2/kWh, gas-fired 
units would receive only CNY 0.01/kWh through the ETS. As unabated coal-fired 
generation on average faces a limited CO2 cost of CNY 0.02/kWh under the coal 
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benchmarks, the cumulative cost benefit for gas-fired units would not be sufficient 
to make up for the high fuel cost differential (Figure 2.14).  

Figure 2.14   Average generation costs by technology in the ETS Scenario, 2035  

 
IEA. All rights reserved. 

Notes: O&M = operation and maintenance. Subsidies are included in the fuel costs for gas-fired power plants. Generation 
costs for coal-fired power are relatively low because much generation is concentrated in regions with low coal prices. 
Electricity from coal + CCS is generated only in Inner Mongolia and Xinjiang provinces. See Annex Table A.2 for technology 
cost assumptions and Table A.3 for coal price assumptions used in this analysis. 
 

As for renewables, since the ETS allowance allocation for the power sector covers 
only coal- and gas-fired power units, renewables-based units do not receive 
allowances and therefore cannot gain revenues by selling their surplus. The ETS 
thus reduces the competitiveness of coal- against renewables-based generation 
only through the carbon cost imposed on coal-fired power technologies, which is 
too low to encourage a strong additional shift from coal to renewables.  

The ETS could be a stronger stimulant of fuel and technology switching if relative 
benchmark stringency were adjusted or auctions were slowly introduced to raise 
the costs of the most carbon-intensive energy sources (see Chapter 3 for more on 
auctions). The ETS could also incentivise fuel switching by gradually including 
non-fossil technologies and merging benchmarks into fewer technology 
categories, ideally creating one single power sector benchmark. Having only one 
power sector benchmark covering both fossil-based and low-carbon technologies 
would change the allowance balance, offering fewer incentives for fossil fuel-
based power technologies such as ultra-supercritical unabated coal and 
coal+CCS, allowing lower-carbon solutions to benefit more from allowance 
surpluses and making the ETS more cost-effective (IEA, 2020a). It would also 
motivate power sector innovators to develop new low-carbon energy technologies 
beyond CCUS. Further research and modelling are necessary to explore the 
effects of the various options and optimise the ETS’s design. 
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The ETS could deliver significantly higher efficiency and 
lower emissions with limited impact on electricity costs  

By allowing the market to be more involved in guiding resource allocation and 
emissions abatement, an ETS can achieve significant CO2 emissions reductions 
and encourage power sector transition with only a slight increase in electricity 
costs. While similar emissions reductions could be realised through a command-
and-control approach, an ETS can be more cost-effective and can better shape 
the long-term decarbonisation pathway. 

In the No-Carbon-Pricing Scenario, the unit cost of electricity supply is set to fall 
more than 3% between 2020 and 2035 thanks to least-cost dispatch reform, 
improved fleet efficiency and cost savings as technologies mature. However, CO2 
emissions are still on a rising trend.  

In the ETS Scenario, as the ETS helps make power sector emissions peak before 
2030, it results in higher electricity costs than in the No-Carbon-Pricing Scenario, 
but the impact is limited under free allowance allocation. Compared with 2020, the 
per-unit electricity cost under the ETS with free allocation still decreases 0.8% by 
2035. Although the electricity cost is 0.25% higher than under the No-Carbon-
Pricing Scenario in 2025 and 1.5% higher in 2030, the ETS achieves CO2 
emissions reductions of 2% in 2025 and 7% in 2030. By 2035, a 12% (571 Mt CO2) 
emissions reduction can be reached under the ETS, while the electricity cost is 
only 2.7% higher than in the No-Carbon-Pricing Scenario (Figure 2.15). 

Figure 2.15 Unit electricity cost and CO2 emissions from electricity generation in the 
No-Carbon-Pricing and ETS scenarios, 2020-2035 

 
IEA. All rights reserved. 
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An Intensity Target Case has been developed to simulate the effects of using 
mandatory energy consumption standards to drive CO2 emissions reductions. It 
follows the command-and-control approach used in the 13th FYP with the target 
of average coal consumption of operating coal-fired power units (in gce/kWh). For 
coherence and comparison with the ETS Scenario, the Intensity Target Case is 
designed to achieve the same CO2 emissions reductions for each five-year period 
to 2030. CCS technology deployment is assumed to take place exogenously to 
reach the same level as under the ETS. 

 Design of the Intensity Target Case 

Case 
Emissions-

control 
instrument 

Instrument adjustments over time  

Intensity 
Target Case 

Mandatory energy 
consumption 

standards 

Average energy consumption of 
operating coal-fired power units 

2020-2025 2025-2030 

4.5% 2.7% 

Average energy consumption of 
operating gas-fired power units 

2020-2025 2025-2030 

3% 2.7% 

Notes: Percentage values show reductions over the five-year periods. In the Intensity Target Case, the reduction required 
for 2025-2030 is lower than for 2020-2025 due to the assumed development of CCS-equipped units. 

 

Similar CO2 emissions reductions can be achieved through an ETS as with a 
command-and-control approach, but with different implications for electricity costs 
and the power sector mix. In the Intensity Target Case, the operating coal-fired 
fleet is required to improve its efficiency to meet the energy consumption 
standards of 308 gce/kWh by 2020, 294 gce/kWh by 2025 and 286 gce/kWh by 
2030. Combined with efficiency requirements for gas-fired power and a similar 
level of coal + CCS development as under the ETS, the Intensity Target Case 
reaches the same level of emissions reductions as the ETS Scenario. In contrast, 
in the No-Carbon-Pricing Scenario (in which power sector CO2 emissions do not 
peak), the operating coal-fired fleet would have an energy consumption level of 
310 gce/kWh by 2020, 300 gce/kWh by 2025 and 295 gce/kWh by 2030.  

When comparing the ETS Scenario and the Intensity Target Case, the ETS 
reduces emissions at less additional cost to the system than the intensity target 
approach (Figure 2.16). To achieve an 86 Mt CO2 emissions reduction in 2025, 
which equates to about 2% of total CO2 emissions from electricity generation, the 
system cost increases CNY 30 billion under the Intensity Target Case, compared 
with CNY 8 billion under the ETS. As a result, the unit cost of electricity supply is 
0.7% higher in the Intensity Target Case than under the ETS Scenario in 2025.  
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Figure 2.16 Additional system costs in the ETS Scenario and Intensity Target Case 
compared with the No-Carbon-Pricing Scenario, 2025  

 
IEA. All rights reserved. 
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consumption standards do, as allowance trading allows the most affordable 
emissions abatement measures in the system to be deployed first. In contrast, 
under mandatory energy consumption targets, technologies need to reduce their 
respective energy consumption by a similar scale regardless of the relative cost.  

Moreover, in addition to achieving immediate emissions reductions, the ETS can 
reshape the electricity generation mix and has strong potential to optimise 
decarbonisation efforts in the long term. With emissions trading, the ETS 
encourages a generation switch from low- to high-efficiency units and allows CCS 
technology to be competitive through revenues from allowance sales. Conversely, 
energy consumption intensity targets would have little impact on the coal-fired 
power generation mix, as they drive emissions reductions through efficiency 
improvements in each technology. At the same time, given the technical limits on 
efficiency levels achievable for each technology, it will be increasingly difficult and 
expensive for the intensity target approach to continuously produce strong 
emissions reductions beyond 2030.  

Moreover, unlike the ETS, which allows CCS technology to develop by gaining 
from allowance trading, the intensity target approach cannot provide sufficient 
incentives for CCS deployment. Without the introduction of a market mechanism, 
reaching the same level of coal + CCS development as under the ETS would 
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Interregional distributional effects of the ETS  
Overview of regional power development and 
interprovincial power flows in the No-Carbon-Pricing 
Scenario 

China’s provincial administrative areas can be aggregated into six grid regions: 
the north grid (NG), the northwest grid (NWG), the northeast grid (NEG), the east 
grid (EG), the south grid (SG) and the central grid (CG). Details on the 
geographical division of grid regions are available in Annex A.1. 

Coal-fired power capacity has expanded in all regions since 2015. The north grid 
experienced the largest capacity increment of 53 GW during 2015-2020, followed 
by 44 GW in the northwest region, which had the highest growth rate in coal-fired 
power capacity (42%) during this five-year period. With nearly 300 GW of capacity 
in the north grid and 235 GW in the east in 2020, these two regions together 
represent half of China’s installed coal-fired power capacity and CO2 emissions. 

Under the No-Carbon-Pricing Scenario, coal-fired capacity increases in the three 
northern grid regions during 2020-2035 while decreasing in the east and south 
(Figure 2.17). In the northeast and northwest grids, it expands by one-fifth, and in 
the north grid by 10% as new coal-fired units are built mainly in major coal-
producing provinces such as Shanxi, Inner Mongolia, Xinjiang and Ningxia, where 
local resources are abundant and affordable. At the same time, coal-fired capacity 
in the east, central and south grids is set to contract by more than one-fifth in each 
region as the retirement of old units outpaces new installations. Further, the 
capacity and generation shares of highly efficient coal-fired plants will increase in 
each grid region owing to changes in dispatch patterns, the retirement of old, less-
efficient units, and the installation of new, more-efficient plants. 

New gas-fired plants will be built mainly in Qinghai and Chongqing, where 
moderate gas and relatively high coal prices make gas-fuelled generation more 
competitive. 
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Figure 2.17 Fossil power capacity by grid region in the No-Carbon-Pricing Scenario, 
2020 and 2035 

 
IEA. All rights reserved. 

Notes: NG = north grid. NWG = northwest grid. NEG = northeast grid. EG = east grid. SG = south grid. CG = central grid. 
CFB = circulating fluidised bed.  
 

Capacity additions of low-carbon technologies also differ across grid regions in 
the No-Carbon-Pricing Scenario. While the east grid has the greatest increase in 
nuclear capacity (48 GW) to accommodate its densely populated coastal areas, 
new hydropower stations would be built in the central and south regions due to 
increasing water scarcity in other parts of the country. In the north and northwest, 
low regional coal prices and the phase-out of FITs may limit the speed of wind 
capacity deployment between 2020 and 2035. New wind capacity is expected to 
be scaled up mostly in the central, east and south grid regions, where relatively 
high coal prices make wind power more competitive. Solar capacity expands in all 
regions during 2020-2035, especially the south, where it increases more than 
eightfold. By 2035, the north, northwest and south grid regions have solar power 
capacity of more than 100 GW each and together account for nearly three-
quarters of national solar capacity. 

As regional electricity supply and demand differences are expected to widen, 
enhanced interconnectivity and grid balancing across larger areas will facilitate 
electricity exchanges among the grid regions. In fact, total interprovincial electricity 
exports are likely to increase by more than 200 TWh to about 1 120 TWh during 
2020-2035, with the three northern regions (which have relatively high shares of 
coal-fired power in their generation mixes) exporting electricity to other grid 
regions. The northeast grid especially could more than double its share of 
electricity exports to 18%. With the greater need for electricity transmission 
between regions, transmission capacity is expected to grow 36% by 2035 (starting 
from 200 GW in 2020). The greatest increases occur between the northwest and 
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central regions (+25 GW), the northwest and the north (+13 GW), and the 
northeast and north (+13 GW). 

Under the No-Carbon-Pricing Scenario, CO2 emissions rise in all regions between 
2020 and 2035, but total emissions and growth levels vary widely. Even though 
emissions increase by only 13% over the period, the north grid remains the largest 
emitter at more than 1.7 Gt CO2 in 2035. And although the central grid region has 
the highest rate of emissions growth, its emissions remain the lowest of the six 
regions. Only in the east grid are emissions expected to peak before 2035. 

ETS impact on the power sector across regions  
ETS implementation will accelerate early retirement of low-efficiency coal-fired 
power units and encourage the development of plants with lower CO2 emissions 
intensity, but at varying degrees depending on the region (Figure 2.18). Compared 
with the No-Carbon-Pricing Scenario, the largest additional retirements of coal-
fired plants by 2035 under the ETS would be in the northwest region (31 GW), 
followed by more than 20 GW in the central and south grids each. For additional 
new coal-fired capacity development under the ETS, the north grid would lead, 
with 80 GW deployed by 2035. In the three northern regions, the increase in new 
highly efficient coal-fired units (ultra-supercritical and coal + CCS) would outpace 
additional retirements of old capacity, resulting in a higher coal-fired plant capacity 
in these regions under an ETS than in a No-Carbon-Pricing Scenario. Coal + CCS 
capacity development will be strongly concentrated in the provinces of Xinjiang, 
Eastern Inner Mongolia and Western Inner Mongolia. Despite significant gains 
through the ETS, the capital costs of CCS-equipped units continue to be very high, 
so they are cost-competitive only in regions with low coal prices. 



The Role of China’s ETS in Power Sector Decarbonisation Chapter 2 China’s ETS supports power sector transformation 
and the peaking of CO2 emissions 

PAGE | 62  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
. 

Figure 2.18 Coal-fired power capacity by grid region in the No-Carbon-Pricing and 
ETS scenarios, 2035 

IEA. All rights reserved. 

Notes: No-CP = No-Carbon-Pricing. NG = north grid. NWG = northwest grid. NEG = northeast grid. EG = east grid. SG = 
south grid. CG = central grid. CFB = circulating fluidised bed.  
 

Under an ETS, CO2 emissions from electricity generation would peak at the 
national level before 2030, and in 2035 could be 12% lower than in a No-Carbon-
Pricing Scenario. However, emissions trends are not the same at the regional 
level, as the ETS encourages the most cost-effective reduction measures 
(Figure 2.19). In contrast to the No-Carbon-Pricing Scenario, CO2 emissions are 
lower in 2035 in all but the central grid region. The north region would achieve the 
highest total emissions reduction (more than 230 Mt), while the northwest grid 
would have the highest reduction rate of 16%. Emissions peak in four regions 
before 2035 under an ETS, compared with only one in the No-Carbon-
Pricing Scenario. Only emissions in the south and central grid regions would 
continue increasing through 2035 despite being subject to a carbon price.  
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Figure 2.19 CO2 emissions from electricity generation by grid region in the No-
Carbon-Pricing and ETS scenarios, 2020 and 2035  

 
IEA. All rights reserved. 

Notes: No-CP = No-Carbon-Pricing. NG = north grid. NWG = northwest grid. NEG = northeast grid. EG = east grid. SG = 
south grid. CG = central grid. 
 

Growth in interregional electricity exchanges and in transmission capacity under 
the ETS are expected to be similar in scale to the No-Carbon-Pricing Scenario, 
with variations among certain regional electricity flows. The northwest, north and 
northeast grids remain exporting regions in the ETS Scenario, with electricity 
exports totalling about 1 250 TWh in 2035, slightly less than in the No-Carbon-
Pricing Scenario. However, the northwest grid region exports 6% less electricity 
under the ETS, while amounts increase in the north (+6%) and northeast (+5%). 
Under the ETS, the transmission capacity increments for 2020-2035 are higher 
between the northwest and north (+3.6 GW), the central and south (+3.5 GW) and 
the northeast and north grid regions (+1.4 GW). The highest transmission capacity 
increment remains between the northwest and central grids, at 24 GW by 2035.  

ETS distributional effects and fairness 
As an intensity-based allowance allocation design generates surpluses and 
deficits for different technologies, the introduction of an ETS is likely to lead to 
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CNY 1 billion. All together, the three regions benefiting from the ETS could gain 
CNY 1.6 billion for 2020. In addition to the heterogeneity of the installed coal-fired 
power fleet from one province to the next, the regional distributional effects will be 
directly related to the stringency of allocation benchmarks according to fuel and 
technology.  

As ETS benchmarks tighten and CCS deployment scales up, the distributional 
effects linked to allowance allocation would create significant disparities by 2035 
(Figure 2.20); the north grid could swing to an allowance surplus while the east 
region faces allowance shortages. As CCS-equipped plants could have a huge 
allowance surplus under the assumed benchmark design, regions with such plants 
potentially accumulate substantial revenues. The three northern grid regions, 
which include Eastern Inner Mongolia, Western Inner Mongolia and Xinjiang, 
could benefit significantly from the ETS through CCS deployment. The north 
region would be the largest beneficiary with a surplus of over 70 million in 2035, 
which could be worth approximately CNY 26 billion if the allowance price rises to 
nearly CNY 360/t CO2. Gas-fired units could also receive some allowance 
surpluses, but their contribution remains limited because they are subject to a 
separate benchmark. 

Figure 2.20   Net allowance balance by grid region in the ETS Scenario, 2020 and 2035 

 
IEA. All rights reserved. 

Notes: NG = north grid. NWG = northwest grid. NEG = northeast grid. EG = east grid. SG = south grid. CG = central grid. 
CFB = circulating fluidised bed. 
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Chapter 3 Allowance auctioning 
drives deeper power sector 
decarbonisation  

While Chapter 2 discussed the implementation of an emissions trading system 
(ETS) in which emissions allowances are allocated for free to power plants, this 
chapter explores the potential effects of auctioning emissions allowances. 
Analysis continues to rely on the design and assumptions of the in-depth modelling 
described in Chapter 2.  

China has gained experience with moderate allowance auctioning through 
regional ETS pilots since 2013, and its national ETS offers the possibility of 
allowance auctioning in the future (MEE, 2021).  

Traditionally, ETSs are introduced with the free allocation of emissions allowances 
as a transitional assistance measure to address competitiveness and carbon 
leakage concerns. Nonetheless, gradually phasing out free allocation in favour of 
allowance auctioning has two main advantages that will often eventually outweigh 
these concerns. First, auctions make the trading system more effective. They 
increase the incentive for participants to mitigate their emissions by requiring them 
to purchase their right to emit, truly applying the “polluter pays” principle relative 
to their contribution to climate change. Second, auctions create new revenues that 
can be invested in further climate change mitigation actions or used to address 
distributional impacts, for instance to compensate low-income households for 
higher electricity costs (IEA, 2020j).  

Scenario design  
For this preliminary assessment, an additional ETS Auctioning Scenario was 
developed using the same output-based allowance allocation mechanism and 
benchmark tightening trajectory as the ETS Scenario (Table 3.1). It introduces 
auctions in 2025, moderately reducing the share of freely allocated allowances in 
the system by 10% in 2025, 30% in 2030 and 50% in 2035.  
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 Scenario designs for ETS with free allocation and with auctioning 

Scenario 
Emissions 

control 
instrument 

Instrument adjustments over time  

Share of total allowances auctioned Benchmark trajectory 

ETS 
Emissions 

trading 
system 

0% 
Same benchmark 
tightening in both ETS 
scenarios  ETS  

Auctioning 

2020 2025 2030 2035 

0% 10% 30% 50% 

 

Auctioning prompts stronger emissions reductions 
under a comparable allowance price  

As China’s ETS is designed as an output-based instrument, the total number of 
allowances in the system depends on the actual output of entities and on the 
ETS’s benchmark values. Thus, emissions are subject not to a fixed but flexible 
allowance cap (Goulder et al., 2020). Under this design, introducing allowance 
auctioning into the ETS would significantly reduce future emissions levels. 
Contrary to free allocation, which requires only entities with an allowance deficit to 
make costly allowance purchases, auctioning requires more allowances in the 
system to be bought, raising the effective carbon cost for ETS participants and 
further discouraging high-emitting generation. Substantial emissions cuts could be 
achieved as a result, even if the allowance price remains the same as under free 
allocation.  

Phasing in allowance auctioning in increments beginning in 2025 could cause 
carbon emissions from electricity generation to peak well before 2030 and at a 
slightly lower level than under free allowance allocation. As the share of auctioned 
allowances increases from 10% to 30% by 2030 and to 50% by 2035, annual 
emissions reductions under auctioning surpass achievements under free 
allocation by about 180 Mt CO2 in 2030 and 500 Mt CO2 from 2035, nearly 
doubling the total reductions attained under the No-Carbon-Pricing Scenario. As 
a result, CO2 emissions from electricity generation fall below the 2020 level by 
2035, which is not the case under free allocation. At the same time, the allowance 
price stays at around CNY 180/t CO2 in 2025 and CNY 340-360/t CO2 between 
2030 and 2035, the same as under an ETS with free allowance allocation (Figure 
3.1).  
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Figure 3.1 CO2 emissions from electricity generation and allowance price by scenario, 
2020-2035 

 
IEA. All rights reserved. 

 

Auctioning could accelerate the switch from coal to gas 
and renewables  

Implementing allowance auctions would make renewables-, nuclear- and gas-
based technologies considerably more competitive with coal-fired power plants. 
As a result, coal-fired power shares in electricity capacity and the generation mix 
would drop while non-fossil sources and gas-fired power take over. 

Auctioning would limit the construction of new coal-fired plants and accelerate the 
retirement of less-efficient ones, reducing net additions of coal-fired capacity 
between 2025 and 2030 to less than 30 GW, compared with 50 GW under free 
allowance allocation. As a result, coal-fired capacity would peak between 2030 
and 2035 at a lower level than under free allocation. With auctioning, new ultra-
supercritical plants could still be built, but installations during 2030-2035 are 
reduced to about 25% of the capacity constructed under free allocation, and 
slightly more sub- and supercritical power plants would be decommissioned.  

Auctioning would also impact CCUS uptake. Up to 2030, moderate auctioning 
and free allowance allocation yield a similar number of CCUS-equipped 
installations. However, the introduction of auctioning would reduce the number 
of allowances allocated for free, and thus reduce their surplus. Between 2030 
and 2035, as the share of allowance auctioning increases, CCUS-equipped 
capacity installations continue, but would be 23% lower than under free 
allocation (Figure 3.2). This capacity development is mirrored in electricity 
generation: with the gradual phasing in of auctioning, the share of unabated coal-
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fired power in the electricity mix drops from 62% in 2020 to 38% in 2035, 
compared with 47% under free allowance allocation. 

Figure 3.2 Capacity changes by coal-fired power technology in the ETS and ETS 
Auctioning scenarios, 2020-2035 

 
IEA. All rights reserved. 

Note: CFB = circulating fluidised bed. 
 

While auctioning accelerates the decommissioning of coal-based plants, gas-fired 
and non-fossil capacities increase. In the ETS Scenario with free allowance 
allocation, 4 GW of additional gas-fired power capacity are installed on average 
annually between 2020 and 2035. Allowance auctioning from 2025 onwards 
almost triples gas-fired capacity additions between 2030 and 2035, such that the 
gas-fired generation share more than doubles to 9% between 2025 and 2035 in 
the ETS Auctioning Scenario and remains at 4% in the ETS Scenario. 

The role of non-fossil technologies, particularly variable renewable energy (VRE) 
such as wind and solar power, becomes more important as the share of auctioned 
allowances increases. At a moderate share, about 4% more capacity is installed 
by 2035 than under free allowances. In both scenarios, the share of non-fossil 
technologies in the capacity mix exceeds 60% by 2035, while VRE capacity 
expands to about 40%. Auctioning also has a stronger impact on electricity 
generation from VRE sources. While both ETS scenarios lead to a VRE generation 
share of about 17% in 2030, auctioning 50% of the allowances by 2035 increases 
VRE generation to 23% in 2035, compared with 19% under free allocation (Figure 
3.3). This rise in VRE shares would likely move China from Phase 2 to a higher 
level of system integration of renewables, implying that better and more flexible 
grid management, enhanced interprovincial electricity trading and the deployment 
of emerging power system technologies will be needed.  
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Figure 3.3 Electricity generation by technology in the ETS and ETS Auctioning 
scenarios, 2020-2035 

 
IEA. All rights reserved. 

 

Further, the increased influence of non-fossil technologies can significantly reduce 
the power sector’s carbon intensity: moderate auction shares can cut it by 38% 
from 2020 to 2035, i.e. to less than 340 g CO2/kWh or about 10% below the level 
obtained under the ETS Scenario with free allocation. Overall, allowance 
auctioning can further decarbonise electricity production by accelerating the shift 
from coal- to gas-fired and non-fossil generation. Nonetheless, the pace of power 
sector transition depends crucially on the share of allowances auctioned: the 
higher the share, the faster the pace.  

Figure 3.4 illustrates how different factors can contribute additional emissions 
reductions in the ETS and ETS Auctioning Scenarios compared with the No-
Carbon-Pricing Scenario. Passing from free allocation to auctioning does not 
further increase the potential for additional CO2 savings through technology 
efficiency improvements or switching to more efficient coal-fired power plants, and 
it slightly reduces the future role of coal + CCS. However, auctioning reduces 
emissions significantly through fuel switching: it triggers an additional 300 Mt CO2 
of emissions reductions by prompting a move to non-fossil technologies and 
strongly curbs emissions through coal-to-gas switching. By 2035, the switch to 
non-fossil technologies and to gas-fired power are the two most important factors 
for additional emissions savings in the ETS Auctioning Scenario. 
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Figure 3.4 Factors yielding additional emissions reductions in the ETS and ETS 
Auctioning scenarios compared with the No-Carbon-Pricing Scenario, 
2025-2035 

 
IEA. All rights reserved. 

 

Balancing costs and revenues of allowance auctions  
An important argument for using auctioning as an allowance allocation mechanism 
is that it creates new revenue streams. However, auctioning could also result in 
higher total system costs if carbon costs and investment requirements increase. 
Gradually raising the share of auctioned allowances from 2025 onwards would 
generate new annual revenues of CNY 435 billion by 2030 and CNY 685 billion 
by 2035, which would counterbalance a considerable portion of the increase in 
total system costs (Figure 3.5).  

Figure 3.5 Revenues and additional system costs from auctioning, 2025-2035  

 
IEA. All rights reserved. 

Note: Additional system costs reflect the difference between the ETS Auctioning Scenario and the No-Carbon-Pricing 
Scenario. 
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Additional system costs are reflected in the average electricity cost, which could 
affect electricity tariffs. While the unit electricity cost is remarkably stable at 
CNY 0.33/kWh under an ETS with free allocation, it increases by 20% to 
CNY 0.39/kWh in 2035 with partial allowance auctioning. In both ETS scenarios, 
fuel costs including subsidies make up the largest component (38%) of the unit 
electricity cost until 2025 and are thereafter surpassed by capital costs due to 
higher investment requirements to transition to a lower-carbon capacity mix. 
Under free allocation, participants’ total allowance surpluses and deficits balance 
out, but the ETS drives CO2 emissions reductions through the allowance price, 
and system costs rise slightly. With auctioning, the CO2 cost contribution increases 
with the share of allowances auctioned, from only 3% of the unit electricity cost 
(CNY 0.009/kWh) in 2025 to 15% (CNY 0.06/kWh) in 2035 (Figure 3.6).  

Figure 3.6 Unit electricity cost by cost component in the ETS Auctioning Scenario and 
total unit electricity cost in the ETS Scenario, 2020-2035 

 
IEA. All rights reserved. 

Note: O&M = operation and maintenance. 
 

Overall, implementing allowance auctioning by introducing moderate auction 
shares of 10% in 2025, 30% in 2030 and 50% in 2035 can achieve greater 
emission reductions more rapidly. Gradually introducing auctions accelerates 
power system decarbonisation slightly while balancing additional system costs 
and new revenues as well as controlling unit electricity cost increases.  

The power sector is sensitive to the pace and extent of allowance auctioning. 
While introducing higher allowance auction shares could expedite the shift to 
lower-carbon sources, it may trigger additional cost increases. Further 
assessment will therefore be needed to optimise the implementation pace of 
auctioning to balance cost increases with climate change mitigation gains.  
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General annex 

Annex A - REPO model and modelling work 
A.1 Introducing the REPO model  

The Renewable Electricity Planning and Operation (REPO) model is a capacity 
expansion and dispatch model for China’s power system. It is disaggregated at 
the provincial level and extends the open-source Balmorel model (Ravn, 2001) 
while incorporating important technology and policy characteristics particular to 
China (Yang et al., 2018).  

The model integrates an endogenous capacity expansion module and applies an 
objective function to minimise the discounted total cost of the power system. The 
total power system cost comprises capacity investment costs, operations and 
maintenance costs, fuel expenses, unit commitment costs, transmission costs and 
taxes and subsidies. The REPO model covers China’s 32 provincial-level 
administrative divisions (Figure A.1).18 These 32 areas can be grouped into six 
major grid regions, the northeast grid (NEG), the northwest grid (NWG), the north 
grid (NG), the central grid (CG), the east grid (EG), and the south grid (SG) (Table 
A.1). Electricity and heat demand, resource potential, existing power and 
co-generation 19  installations and existing transmission capacity are all 
represented at the provincial level.  

The model takes 2015 as the base year and then iterates to 2050 in five-year 
increments. In each iteration, the model optimises capacity expansion and grid 
operations for one year. Within that year, the model selects 12 out of 52 weeks as 
representative seasons, and 6 hours of a typical day in each week as 
representative time slots. These 72 representative hours of a year are simulated 
for each area and each time period.  

The model’s provincial load curve projections to 2035 are generated based on 
electricity demand changes and the accurate load curves for 2015. The model 
covers coal-fired, gas-fired, nuclear, hydro, wind, solar and biomass power, and it 
also includes pumped hydro, compressed air and chemical storage. 

 
                                                                 
18 The special administrative regions of Hong Kong and Macao are not included in this study. Inner Mongolia is disaggregated 
into Eastern and Western Inner Mongolia. 
19 Co-generation refers to the combined production of heat and power. 
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Figure A.1 REPO model framework 

Table A.1 China power sector’s 6 grid regions and REPO model’s 32 provincial areas 

Grid region Provinces covered 

Northeast grid Heilongjiang, Jilin, Liaoning, Eastern Inner Mongolia 

Northwest grid Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Tibet 

North grid Hebei, Beijing, Tianjin, Shanxi, Shandong, Western Inner Mongolia 

Central grid Hubei, Hunan, Jiangxi, Chongqing, Sichuan, Henan 

East grid Shanghai, Jiangsu, Anhui, Fujian, Zhejiang 

South grid Guangdong, Guangxi, Guizhou, Hainan, Yunnan 

The REPO model’s important constraints are: power balance constraints, power 
generation constraints, renewable energy resource constraints, transmission 
constraints and storage constraints. The power balance constraints ensure that 
power generation plus net imports equal power demand and losses, while power 
generation constraints ensure that the power generation of each technology at 
each hour does not exceed its capacity. As power generation from variable 
renewable energy (VRE) resources such as run-of-river hydro, wind (Rienecker et 
al., 2011) and solar (CMA, 2016) is also limited by resource availability, the 
renewable energy resource constraints ensure that each VRE technology’s 
generation does not exceed its resource limit. The resource limit comprises two 
aspects: full-load hours and the maximum generation profile for each renewable 
generator in each region. For each VRE technology, generation is limited to the 
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product of its full-load hours, installed capacity and share of total maximum 
generation for one time segment. With the model recognising all interprovincial 
transmission lines of more than 220 V, its transmission constraints ensure that the 
amount of power transported from one region to another does not exceed the 
transmission capacity between the two regions. The storage constraints ensure 
that the charging and discharging rate of each storage technology does not 
exceed its power capacity and that energy storage does not exceed its energy 
capacity. 

The REPO model computes the future capacity expansion and power generation 
of each technology in each province, in addition to its CO2 emissions. These data 
are used to analyse the effects of ETS policies on the power system. 

To better represent thermal power technologies in the REPO model, we 
disaggregated coal-fired and gas-fired power into additional subcategories. Each 
technology is described by several parameters, including its efficiency, installation 
costs, fixed operations and maintenance (O&M) costs, variable O&M costs, 
lifespan, typical size, ramping up/down rate, startup/shut-down costs, and 
minimum load share. Coal-fired power technologies are disaggregated into seven 
detailed categories: ultra-supercritical; supercritical 600 MW; supercritical 
300 MW; subcritical 600 MW; subcritical 300 MW; high-pressure and ultra-high-
pressure; and circulating fluidised bed (CFB). Gas-fired power technologies are 
divided into two categories: F-class and below F-class. 

An ETS module is built into the REPO model to describe the national ETS. The 
technologies involved in the national ETS and their benchmarks are described in 
the model, with only coal- and gas-fired power technologies covered by the 
national ETS from 2020. Benchmark values are defined by technology and year. 
Some equations and constraints have been integrated into the ETS module to 
represent the allowance allocation rules. 

A.2 Key data inputs and assumptions 
After classifying coal- and gas-fired power plants into their subcategories, the 
capacity for each technology for base year 2015 was verified by aggregating unit-
level data and matching it with provincial data from the China Electricity Council 
(CEC). Uncategorised power units for which the technology cannot be identified 
are defined as follows: 

• For gas-fired power units, they are considered as “below F-class”.  

• For coal-fired power units below 300 MW, they are classified as “high-pressure 
and ultra-high-pressure”. 
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• For coal-fired power units above 300 MW, they are defined as “subcritical 
300 MW”. 

Total coal-fired power capacity in 2015 was 900 GW, made up of 17% ultra-
supercritical; 20% supercritical 600 MW; 4% supercritical 300 MW; 11% 
subcritical 600 MW; 29% subcritical 300 MW; 13% high-pressure and ultra-high-
pressure; and 5% CFB technologies. Total gas-fired power capacity in 2015 was 
66 GW, with F-class accounting for 63% and below F-class making up 37%. 

The model uses 2015 as the base year and then iterates in five-year increments 
to assess potential ETS impacts up to 2035. Investments in future power 
technologies are optimised, and units are assumed to retire upon reaching the end 
of their operational lifetime for most technologies. For coal-fired plants, early 
retirement strategies could be activated when the fleet’s average running hours 
fall below a predefined threshold. Simulations for 2020 have been strongly 
calibrated based on 2019 statistics and the 13th FYP targets.  

Technology cost assumptions are based on several sources, including CEC data 
(CEC, 2016), Cost of Electric Power Projects (EPPEI and CREEI, 2017), World 
Energy Outlook 2019 (IEA, 2019a), China Power System Transformation (IEA, 
2019c), and an NREL study (Hand et al., 2016). The O&M costs for different 
technologies are adopted from the NREL report. 

Table A.2 Cost assumptions by technology 

 Capital costs  
(CNY/W) 

Variable O&M 
costs  

(CNY/MWh) 

Fixed O&M costs  
(CNY/kW-yr) 

 2015 2020 2035   

Coal 3.7-4.5 3.3 3.1 31 214 

Coal+CCS 23 21 18 58 449 

Gas 2.7-3.1 2.6 2.5 23 96 

Biomass 12 10.8 9.9 35 712 

Nuclear 13.1 18.6 16.9 14 629 

Hydro 7.5 10 10 0 203-268 

Wind onshore 8.1 7.2 6.8 0 340 

Wind offshore 16 13 11 0 881 

Solar PV 8.1 6.1 5.3 0 106 

CSP - 29.8 22.4 27 438 

Notes: CSP = concentrated solar power. Variable O&M costs do not include fuel expenses, which are classified in the model 
as a separate cost component.  
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Coal and gas prices vary among China’s regions. Coal prices in Xinjiang, Eastern 
Inner Mongolia and Western Inner Mongolia are the lowest, followed by Ningxia 
and Shanxi, while in other regions they are relatively high and can be more than 
double the Xinjiang price (Table A.3). Gas prices in Xinjiang and Qinghai are 
relatively low compared with other regions of China. 

Table A.3 Coal price assumptions by provincial area, 2020 and 2035 

Region Coal price in 2020 (CNY/GJ) Coal price in 2035 (CNY/GJ) 

Xinjiang 12 13.3 

Eastern Inner Mongolia 12 13.3 

Western Inner Mongolia 13 14.3 

Ningxia 17 18.3 

Shanxi 17 18.3 

Others ≥21 >22 

 

The transmission cost contains two components: transmission line installation 
costs and O&M costs. The cost of installing transmission lines between two 
regions includes set costs related to capacity (CNY 1.5 million/MW) and to 
distance (CNY 1 000/[MW*km]). The annual O&M cost is set at 3% of the 
transmission line installation cost. 

The fuel CO2 factor is a key factor for the ETS (Table A.4). This study assumes 
that all units will be monitoring their fuel factor, which may be optimistic for 2020 
but it is expected to be realistic by 2025. As bituminous coal is the main type of 
coal used for electricity generation, this study uses 95 kg CO2/GJ as the 
recommended factor for coal, based on IPCC 2006 guidelines for the average 
monitored fuel factor of “other bituminous coal”. Meanwhile, the analysis takes 
56.8 kg CO2/GJ as the fuel factor for gas. 
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Table A.4 Fuel CO2 factors as per IPCC 2006 

Coal type Default carbon content 
(kg C/GJ) 

Default carbon 
oxidation factor  

Fuel CO2 factor 
(kg CO2/GJ) 

Anthracite 26.8 100% 98 

Coking coal 25.8 100% 95 

Other bituminous coal 25.8 100% 95 

Sub-bituminous coal 26.2 100% 96 

Lignite 27.6 100% 101 

Brown coal briquettes 26.6 100% 98 

Coke 29.2 100% 107 

 

Renewables deployment, which is a key priority of China’s energy strategy, has 
been driven by capacity targets and technology support policies. Capacity growth 
was approximately 100 GW for wind and 200 GW for solar during the 13th FYP 
period. Minimum levels of installed capacity are assumed for wind and solar from 
2025 to 2035 for all scenarios, based on 13th FYP growth trends (Table A.5).20 
The assumptions do not aim to project future capacity targets.  

Table A.5 Assumptions of minimum capacity levels for wind and solar PV 

 2025 2030 2035 

Wind 310 GW 410 GW 510 GW 

Solar PV 430 GW 630 GW 830 GW 

 

 

 
                                                                 
20 The assumptions were made before China announced it would be enhancing its climate ambition and NDC commitments. 
The assumptions do not aim to project future targets, but set baseline values for evaluating ETS effects and contributions. 
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Abbreviations and acronyms 
 
CCER  Chinese Certified Emission Reduction 
CCTD  China Coal Transportation and Distribution Association 
CCS  carbon capture and storage 
CCUS  carbon capture, utilisation and storage 
CDM  Clean Development Mechanism  
CEC  China Electricity Council 
CFB  circulating fluidised bed 
CG  central grid 
CSP  concentrated solar power 
EG  east grid 
ETS  emissions trading system 
EU  European Union 
FIT  feed-in tariff 
FYP  Five-Year Plan 
IEA  International Energy Agency 
IPCC  Intergovernmental Panel on Climate Change 
LCOE  levelised cost of electricity 
MEE  Ministry of Ecology and Environment 
NDC  Nationally Determined Contribution 
NDRC  National Development and Reform Commission 
NEA  National Energy Administration 
NEG  northeast grid 
NG  north grid 
NPS  New Policies Scenario 
NREL  National Renewable Energy Laboratory 
NWG  northwest grid 
O&M  operation and maintenance 
PV  photovoltaic 
R&D  research and development 
RD&D  research, development and demonstration 
REPO  Renewable Electricity Planning and Operation 
SDS  Sustainable Development Scenario 
SG  south grid 
STEPS  Stated Policies Scenario 
UNFCCC United Nations Framework Convention on Climate Change 
VRE  variable renewable energy 
WEO  World Energy Outlook 
 
 



The Role of China’s ETS in Power Sector Decarbonisation  General annex 

PAGE | 82  

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
. 

Glossary 
CO2 carbon dioxide 
g gramme 
gce/kWh                    gramme of standard coal equivalent per kilowatt hour 
GJ gigajoule 
Gt CO2 gigatonne of carbon dioxide 
GW gigawatt 
kg kilogramme 
kWh kilowatt hour 
Mt CO2 million tonnes of carbon dioxide 
MW megawatt 
MWh megawatt hour 
t tonne 
TWh terawatt hour 
CNY Chinese Yuan renminbi  

(This report uses the 2019 annual average exchange rate: USD 1 = 
CNY 6.91. Source: OECD National Accounts Statistics: purchasing 
power parities and exchange rates dataset, July 2020.) 

USD US dollar 
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