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China is currently building more coal 
plants than it needs and in doing 
so is misallocating capital at an 
unprecedented rate. As of July 2016, 
China has 895 GW of existing coal 
capacity being used less than half of 
the time – and perversely has 205 GW 
under construction and another 405 
GW of capacity planned, with a total 
overnight capital cost of half a trillion 
US dollars. This misallocation of capital 
is a microcosm of wider structural woes 
within the Chinese economy. China’s 
rapid economic growth, demographic 
profile and geographical size has meant 
it often made sense for the government 
to build power infrastructure first 
and ask questions later. The days 
when China could grow at a fast pace 
by accumulating capital, safe in the 
knowledge that this capital would 
achieve high returns, appear to be over.

China’s coal power investments have 
reached an important juncture: keep 
pouring capital into increasingly unviable 
projects and put the financial system 
under additional pressure from the risk 
of large-scale defaults, or stop investing 
and promote efficiency. As power 
demand growth slows from a historical 
average of 10% to 3% or less per year, 
the coal capacity in the pipeline, as well 
as some existing coal capacity, risks 
becoming stranded due to low carbon 
capacity targets, ongoing reforms in the 
power sector and carbon pricing. 

This report presents analysis which finds 
China no longer needs to build any 
additional coal plants and therefore it 
makes sense to act with conviction to 
contain its coal overcapacity crisis. 

To prove this, we developed a short-
term scenario analysing the 2020 targets 
in the 13th five-year plan (13 FYP) and 
a long-term scenario analysing the 
implications of limiting the average 
global temperature increase to 2°C. We 
also develop a 2020 reform scenario 
which models the potential impact of 
power market reforms and a national 
emission trading scheme (ETS) on the 
gross profitability of each operating 
coal plant in China. Investors who fail 
to understand the immediacy of China’s 
energy transition could find themselves 
chasing fossil fuel demand that is not 
there. 

13th five-year plan doesn’t add up for 
coal generation

Low carbon capacity targets in the 13 
FYP coupled with a low power demand 
environment will likely strand coal 
capacity. Additional capacity beyond 
existing plants is only required by 2020 
if power generation growth exceeds 
4% per year and coal plants are run at a 
capacity factor of 45% or less. If plants 
under construction are built and existing 
capacity are run at a 45% capacity 
factor, then 210 GW of coal capacity is 
unneeded in 2020 in an environment 
where power generation growth is 
3% per year. Indeed, even in the most 
optimistic scenario (i.e. sub 45% capacity 
factor and above 5% power generation 
growth) there would still be a surplus if 
capacity under construction is built and 
operated alongside existing capacity.

Executive summary
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Half a trillion US dollars of wasted 
capital could be avoided – existing 
capacity fulfils power generation 
requirement until 2050 

To remain consistent with the IEA’s 2°C 
scenario (2DS) China can avoid building 
any new coal plants from now until 2032 
by marginally increasing the utilization 
of their existing fleet. After 2032, the 
existing fleet becomes inconsistent 
with the 2DS due to rapidly declining 
capacity factors and therefore units will 

need to be progressively retrofitted 
with Carbon Capture and Storage (CCS) 
or retired prematurely. Since China can 
rely on its existing units to generate 
the power allocated to unabated coal 
plants in the 2DS, all units currently 
under construction and planned are not 
needed and pose a significant financial 
risk. Based on a capital cost of US$800 
million per kW, US$490 billion of capital 
could be wasted on plants under 
construction and planned.

Source: CTI analysis

Matrix of needed or unneeded coal capacity (GW) in 2020 based on existing plants as of 
2016 and plants under construction under different coal plant capacity factors and power 
generation growth rates.
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2°C carbon budget bust in 2030s 
without further policy reform

If no new coal plants are built and each 
existing unit is retired when it turns 
40 years old, the 2°C carbon budget 
will still be exhausted by 2040. After 
2040, coal capacity would need to 
emit no carbon to remain consistent 
with the 2°C budget. This is currently 
technically impossible as existing CCS-
equipped coal plants still emit around 
100 grams of carbon per kWh. If under 
construction capacity is built alongside 
existing capacity with a 40-year lifetime, 
the 2°C budget will be exhausted by 
2036. Given it would not be practical to 
phase-out a large amount of generation 
in a single year, the transition away from 
coal will obviously require retirements 
before this date. It is important to 
note that this scenario analysis uses a 
capacity factor of 50% and is based on 
a 50% chance of limiting the average 
global temperature increase to 2°C. 
The following factors will both reduce 
the 2°C budget and consume it more 
quickly: (i) holding temperate rise to 
well below 2°C as described in the Paris 
Agreement; (ii) a higher probability 
of limiting temperature rise; and (iii) a 
higher capacity factor.

Reforms on the rise – the gross 
profitability of the existing fleet halves 
in our 2020 reform scenario

Whether through an economic, air 
quality or climate lens, the Chinese 
government has every reason to 
contain its coal overcapacity crisis. 
The National Development and 
Reform Commission (NDRC) and other 
government institutions are aware of 
the overcapacity crisis and the need 
for policy interventions to return coal 
generation investments to equilibrium. 
The reforms from the government have 

increased in frequency and severity in 
2016. A policy proposal was released 
in April to halt the construction of 
372 GW of planned capacity – greater 
than the entire US coal fleet. Even 
plants under construction are not safe: 
more recently, the NDRC made the 
decision to halt 17 GW already under 
construction, setting a legal precedent 
that will likely be repeated in the future. 
Power market reforms, in combination 
with the national ETS, could strand 
coal units with higher operating costs 
by promoting least cost units and low 
carbon generation. We developed a 
2020 reform scenario to illustrate the 
impact of a national ETS and power 
market reforms. Incorporating a carbon 
price of $US10/tCO2 to reflect the 
introduction of a national ETS in 2017 
and a 15% reduction in coal power 
tariffs from ongoing power market 
reforms, the gross profitability of the 
operating fleet halves by 2020, with 27 
GW becoming cash flow negative and 
140 GW making a gross profit of US$5 
per MWh or less.

The NDRC put – China to become a 
net exporter of coal again

The Chinese government are like the 
central bank of the seaborne coal 
market. The stellar gains in thermal coal 
prices this year are entirely a result of 
China’s NDRC. It’s becoming harder to 
see how these gains can be sustained. 
The NDRC has intervened to supress 
prices by relaxing its production cuts. By 
restarting mothballed capacity seaborne 
investors are actively challenging the 
effectiveness of Chinese policy. If 
history is any guide, betting against 
the efficaciousness of Chinese policy 
is not sensible. With China acting as 
the marginal buyer on the seaborne 
coal market, investors should prepare 
themselves for a world where China is a 

http://www.carbontracker.org
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net exporter. Given the expected coal 
generation levels by 2020 under the 13 
FYP, we expect thermal coal demand 
to be lower than 2015 levels. Even if 
Chinese domestic supply is curtailed 
somewhat during this period, it could 
still result in China no longer being a net 
importer.

The technology race

The bilateral agreements between China 
and the US administrations to make 
efforts to reduce emissions to prevent 
dangerous levels of climate change 
sent several signals. One key section 
related to how both of the world’s 
largest economies would be investing 
in the technologies to deliver a low 
carbon future. Clearly there are huge 
opportunities to export the solutions 
for the companies that win the race. 
Questions have been raised as to 
whether the US will still be in the race 
under its incoming President – hopefully 
the economic opportunities and energy 
independence offered by new energy 
technologies will make them attractive 
to the new administration. Regardless, 
we believe China will keep racing 
forward either way for all the reasons 
outlined above.

Conclusion

The basic maths of continued growth in 
China’s coal capacity does not add up, 
and the 13 FYP marks the point where 
this cannot be ignored any longer. The 
changing generation mix, the slowdown 
in power generation growth and existing 
coal plant overcapacity combine to 
present a different challenge for China. 
With coal generation set to peak, there 
is no need for further coal capacity, 
whilst on the supply side, there is the 
potential for China to become a net 
exporter of coal again.

Chasing the Dragon? China’s coal overcapacity crisis and what it means for investors



www.carbontracker.org 9

Introduction

Economic growth in China, and the 
power system that supports it, has 
few historical precedents. The Chinese 
economy has grown on average 10% 
per year for the last three decades. Due 
to this prolific economic growth and the 
structure of the economy, China is now 
the world’s largest producer of power by 
a considerable margin1. In 2015 alone, 
China built two coal plants a week, a 
football pitch of solar panels every hour 
and one large wind turbine every hour2. 
These statistics are mind-bending, but 
tend to encourage misconceptions 
about the Chinese economy. China is 
a populous, low income nation that 
needs to make comparatively large 
infrastructure investments to support its 
rapid and sustained economic growth. 

1 In 2013 China generated 5,500 TWh of 
power, while the US (the second largest generator) 
generated 4,300 TWh. IEA, (2016). Energy Technology 
Perspectives. Available: http://www.iea.org/etp/
2 In 2015 China built 44 GW of solar PV, 145 
GW of wind and 56 GW of coal. See: GWEC, (2016), 
Wind Power Leads All New Power Generation. Available: 
http://www.gwec.net/global-figures/graphs/; REN21, 
(2016), Renewables 2016 Global Status Report. Availa-
ble: http://www.ren21.net/wp-content/uploads/2016/06/
GSR_2016_Full_Report.pdf; and CoalSwarm (2016), 
Global Coal Plant Tracker. Accessed July, 2016.

Nevertheless, as its phase of capital 
intensive economic growth comes to an 
end, it is becoming increasingly clear 
that China is facing a runaway crisis from 
an overinvestment in coal capacity3. 
As of July 2016, China has 895 GW of 
existing coal capacity being utilised less 
than half the time and has another 610 
GW in the project pipeline.

This report uses scenario analyses to 
illustrate why it makes sense for China 
to deal with its coal overcapacity crisis 
and what government action could mean 
for thermal coal investors. The report 
focuses on the implications for coal plant 
investments in China under the 13 FYP 
and a 2°C scenario. The implications of 
inaction are also considered from the 
perspective of financial system stability.

3 Carbon Tracker are not the first to highlight 
China’s coal overcapacity issue. See for example: Energy 
Policy, (2016). Coal power overcapacity and invest-
ment bubble in China during 2015–2020. Available: 
http://www.sciencedirect.com/science/article/pii/
S0301421516303615

Image Source: Wikicommons
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The report has three main sections. 
The first section details the genesis of 
China’s coal overcapacity crisis. China 
is a huge, dynamic and decentralised 
country which makes complex political 
and economic decisions that are 
sometimes misunderstood by the 
developed west. This section describes 
the governance problems and market 
distortions that have contributed to the 
overinvestment in coal power.

The second section provides the 
13 FYP and 2°C scenario analysis to 
demonstrate why China’s government 
is considering how to deal with its 
coal overcapacity crisis. We consider 
the implications of the 13 FYP for coal 
capacity by analysing how China’s low 
carbon capacity targets coupled with 
power generation demand scenarios 
will impact the utilization of existing 
coal capacity and capacity under 
construction. The 2°C scenario seeks to 
understand how much coal capacity is 
required from 2016 to 2050 to meet the 
power generation requirement in the 
IEA’s Energy Technology Perspectives 
(ETP) 2DS, as well as identifying the year 
when the 2°C carbon budget will be 
consumed under certain situations.

The third and final section identifies 
the reforms the Chinese government 
has implemented, or is in the process 
of implementing, to return coal power 
investments to equilibrium. The central 
government institutions which regulate 
the power investments in China are 
aware of the overcapacity issues and 
have proposed several policies which 
will help contain coal plant investments. 
Although information is limited on many 
proposals, this section briefly analyses 
these reforms and estimates their 
potential impact on the overcapacity 
problem. We also developed a 2020 
reform scenario to illustrate the impact 
of a national ETS and power market 
reforms.

We conclude by considering the 
impact of policy reform on seaborne 
coal market suppliers who are betting 
on the notion that China will always 
be a net importer of thermal coal, as 
well as highlighting some of the future 
challenges the government will face as it 
deregulates the power sector.
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The genesis of China’s coal
overcapacity crisis

Rather than have a metaphysical discussion about whether China’s 
coal overcapacity crisis is a financial bubble or not, this section 
describes the specific problems and market distortions which have 
contributed to this overinvestment and misallocation of capital.

Image Source: Wikicommons
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Macro factors

China has prioritised building its capital 
stock over the last three decades 
to join the ranks of other wealthy 
nations in Western Europe and North 
America. The power infrastructure 
investment decisions that China has 
made over the past decades have been 
driven by complex factors sometimes 
misunderstood by the developed 
west. Both geographically and 
demographically China is enormous: it 
is a continent-sized country, bigger than 
the US, and with more than four times 
its population. On a per capita basis 
China is a low-income country: GDP per 

capita per annum in 1990 was as little 
as US$300 and, despite a sevenfold 
increase since then, China’s GDP per 
capita remains at multiples less than 
that in the EU and the US. Since 1980, 
GDP growth in China has averaged 10% 
per year. If an economy grows by 10% 
per year, as China’s has for the last two 
decades, then the compound nature of 
that growth means that the economy 
doubles in size every seven years. These 
realities have meant it has often made 
sense for China to build power capacity 
first and ask questions later4.

4 For an excellent overview of the Chinese 
economy, see: Kroeber, (2016). China’s Economy: What 
Everyone Needs to Know?

Figure 1. China’s nominal GDP (LHA) and nominal GDP growth (RHA) from 1980 to 2015

Source: CTI analysis based on World Bank data
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Governance factors

The paradox of Chinese governance is 
an authoritarian government managing 
a highly decentralised and dynamic 
economy. For example, according 
to one study, local expenditure as 
a percentage of total government 
expenditure in OECD countries averages 
approximately a third, whereas in China 
local expenditure accounts for over 70% 
of total expenditure5. This level of fiscal 
decentralisation has resulted in State 
Owned Enterprises (SOEs) operating 
relatively autonomously, due to low 
interest rates and revenues from land 
sales and other capital investments. High 
levels of decentralisation have allowed 
policy experiments on a large scale, 
which has been an important ingredient 
in China’s success. However, with the 
investment-heavy phase of China’s 
growth coming to an end, the low 
efficiency of SOEs from overinvestment 
in capital intensive activities has become 
a significant problem. For instance, in 
2014, private heavy industry companies 
generated a return on assets that was 
approximately double that of their SOE 
counterparts. Furthermore, in 2015 total 
profits of all non-financial SOEs declined 
outright, pushing the return on assets 
down to 2% from a peak of 5% in 20076. 
Around two thirds of existing coal power 
capacity is owned by SOEs with SOEs 
having a controlling stake in another 
third7.

5 World Bank, (2008). Public Finance in China: 
Reform and Growth for a Harmonious Society. Sourced 
from: Kroeber, (2016). China’s Economy: What Everyone 
Needs to Know?
6 Gavekal Dragonomics, (2016). China Eco-
nomic Quarterly: The State Sector’s New Clothes Will the 
SOEs save China’s economy or drag it down? Available: 
http://research.gavekal.com/sites/default/files/CEQ%20
Q2%202016.pdf
7 Climate Policy Initiative, (2015). Slowing the 
Growth of Coal Power in China: the Role of Finance in 
State-Owned Enterprises. Available: http://climatepoli-
cyinitiative.org/publication/slowing-the-growth-of-coal-
power-in-china-the-role-of-finance-in-state-owned-enter-
prises/

Stagnating power demand

China’s power market appears to be 
showing the same characteristics of 
many OECD markets much more quickly 
than anticipated. These characteristics 
include stagnating power demand and 
underutilisation of thermal capacity. The 
compounded annual average growth 
rate (CAAGR) of power generation has 
been progressively declining since the 
start of the 21st Century. From 2000 
to 2005, 2005 to 2010 and 2010 to 
2015 the CAAGR of power generation 
was 13%, 11% and 7%, respectively. 
Power generation growth was only 
0.5% in 20158 and we estimate power 
generation growth will be 3% in 2016 – 
well below the 10% per annum average 
growth rate over the last two decades9. 
Similarly, the average capacity factor 
of the existing coal fleet has declined 
significantly since 2010. From 2005 to 
2010, the capacity factor of China’s coal 
plants averaged 59%, down 6% from 
the average between 2010 to 2015. The 
capacity factor of China’s coal plants 
averaged 59%, up 6% from the average 
between 2010 to 2015. We estimate 
the average capacity factor of China’s 
existing coal fleet will decline to 47% in 
2016 – the lowest utilisation rate since 
1985.

8 National Energy Agency, (2016). National 
Energy Board released the total electricity consump-
tion in 2015. Available: http://www.nea.gov.cn/2016-
01/15/c_135013789.htm
9 The increased growth rate from 2015 (i.e. 
0.5% versus 3%) is due to the 2016 credit stimulus. For 
historical power generation growth rates, see: BP, (2016), 
BP Statistical Review of World Energy. Available: http://
www.bp.com/en/global/corporate/energy-economics/
statistical-review-of-world-energy/downloads.html

http://www.carbontracker.org
http://research.gavekal.com/sites/default/files/CEQ%20Q2%202016.pdf
http://research.gavekal.com/sites/default/files/CEQ%20Q2%202016.pdf
http://climatepolicyinitiative.org/publication/slowing-the-growth-of-coal-power-in-china-the-role-of-finance-in-state-owned-enterprises/
http://climatepolicyinitiative.org/publication/slowing-the-growth-of-coal-power-in-china-the-role-of-finance-in-state-owned-enterprises/
http://climatepolicyinitiative.org/publication/slowing-the-growth-of-coal-power-in-china-the-role-of-finance-in-state-owned-enterprises/
http://climatepolicyinitiative.org/publication/slowing-the-growth-of-coal-power-in-china-the-role-of-finance-in-state-owned-enterprises/
http://www.nea.gov.cn/2016-01/15/c_135013789.htm
http://www.nea.gov.cn/2016-01/15/c_135013789.htm
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/downloads.html
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/downloads.html
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/downloads.html
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Increased energy efficiency, a move to 
a service-based economy and slower 
economic growth have all contributed to 
China’s slowing power demand over the 
past two years. China’s power intensity 
peaked in 1979 and has reduced 20% 
since then10. This reduction has been 
achieved despite a more than 18-fold 
increase in total power consumption 
since 1979. According to the IEA, energy 
efficiency improved by 5.6% in 2015, up 
from an average of 3.1% per year over 
the previous decade11. As mentioned 
above, China’s geographical size and 
demographics coupled with its high 
growth rates have often overshadowed 
other significant trends. 

10 Carbon Tracker, (2015). Gas Demand: Com-
paring Scenarios and Examining Risks. Available: http://
www.carbontracker.org/wp-content/uploads/2015/07/
Gas-Demand-Chapter-Final-060715v2.pdf 
11 IEA, (2016). Energy Efficiency Medium Term 
Report. Available: https://www.iea.org/publications/
freepublications/publication/mediumtermenergyefficien-
cy2016.pdf 

GDP growth has dwarfed household 
consumption growth – increasing 
sevenfold since the start of the 21st 
Century – but household consumption 
per capita has still increased three-fold 
over the same period. In addition, in 
2014, household consumption per capita 
growth increased more than GDP per 
capita growth for the first time since 
the turn of the century. The move to 
a service-based economy has also 
contributed to lower power demand.

Figure 2. CAAGR of power generation in China versus average capacity factors of China’s 
coal fleet

Source: CTI analysis based on data from IEA and CEC

http://www.carbontracker.org/wp-content/uploads/2015/07/Gas-Demand-Chapter-Final-060715v2.pdf
http://www.carbontracker.org/wp-content/uploads/2015/07/Gas-Demand-Chapter-Final-060715v2.pdf
http://www.carbontracker.org/wp-content/uploads/2015/07/Gas-Demand-Chapter-Final-060715v2.pdf
https://www.iea.org/publications/freepublications/publication/mediumtermenergyefficiency2016.pdf 
https://www.iea.org/publications/freepublications/publication/mediumtermenergyefficiency2016.pdf 
https://www.iea.org/publications/freepublications/publication/mediumtermenergyefficiency2016.pdf 
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In China, high levels of investment in 
both coal-fired generation and low-
carbon sources, coupled with the 
slowdown in power demand, have led 
to overcapacity and underutilisation 
of coal plants, as well as high levels 
of curtailment of wind and solar 
generation. This situation puts Chinese 
policymakers in a similar situation to 
their counterparts in OECD markets. 
The policy failure in OECD power 
markets has been to incentivise low 
carbon capacity while also relying on 
politically-compromised carbon markets 
to retire high carbon capacity. This 
resulted in oversupplied power markets 
and suppressed power and carbon 
prices. Low wholesale power or tariff 
prices send a negative investment signal 
to renewables and nuclear investors, 
while low carbon prices help coal-fired 
generation remain economically viable.

High tariffs

To prevent a situation where a lack of 
power infrastructure stifles economic 
growth, a central goal of China’s energy 
policy over the last decade has been to 
reduce volatility. To incentivise large-
scale capital investments in power 
infrastructure, power prices over the 
last decade have remained stable. China 
deregulated coal prices in 2003 (hence 
the six-fold increase from US$25 per ton 
in 2003 to US$160 in 2008), but tariffs 
for power are still heavily regulated. 
While wholesale power prices in many 
liberated OECD markets have declined 
in response to oversupply, China’s fixed 
tariff system offers no mechanism for 
the market to adjust and thus SOEs have 
continued to invest despite stagnating 
power demand. In addition, contrary to 
popular belief, China does not have low 

Figure 3. China’s per capita household consumption and GDP (LHA) versus annual growth in 
per capita household consumption and GDP (RHA)

Source: CTI analysis based on World Bank data

http://www.carbontracker.org
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power prices compared to other nations. 
Figure 4 compares the wholesale power 
prices in EU nations and US regions with 
the tariff price for coal-fired power in 
China. 

As of December 2015, tariffs for 
coal-fired generation in China range 
from US$39-68 MWh with a capacity-
weighted average of US$54 MWh – 
substantially higher than power prices in 
EU nations and regions of the US.

Figure 4. Wholesale power prices in EU countries and US regions versus China coal plant 
tariffs

Source: CTI analysis based on data from EIA, Bloomberg LP and NDRC

*US prices are based on the following contracts: ERCOT North 345KV Peak, Indiana Hub RT Peak, Mid C Peak, Nepool 
MH DA LMP Peak, NP15 EZ Gen DA LMP Peak, Palo Verde Peak and SP15 EZ Gen DA LMP Peak12. All EU contracts 
are year-ahead baseload13. NDRC tariff rates are based on December 201514. Assumed exchange rate of 0.1499 RMB/
USD. 

12 EIA, (2016). Wholesale Electricity and Natural Gas Market Data. Available: https://www.eia.gov/electricity/
wholesale/
13 Bloomberg (2016). From the Bloomberg Terminal.
14 NDRC, (2015), National Development and Reform Commission on reducing coal-fired power:
Notify tariff and general commercial and industrial electricity prices. Available: http://www.ndrc.gov.cn/fzgggz/jggl/
zcfg/201512/t20151230_769556.html

https://www.eia.gov/electricity/wholesale/
https://www.eia.gov/electricity/wholesale/
http://www.ndrc.gov.cn/fzgggz/jggl/zcfg/201512/t20151230_769556.html
http://www.ndrc.gov.cn/fzgggz/jggl/zcfg/201512/t20151230_769556.html
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These relatively high tariff prices do not 
reflect the low investment and operating 
costs of coal plant projects in China. 
For example, the investment cost of 
a 1 GW supercritical plant in China is 
US$700 million, whereas the same plant 
costs US$2 billion to build in the EU and 
US$2.1 billion in the US15. (Therefore, for 
every GW of coal-fired capacity built in 
North America, China can build 3 GW 
at the same cost.) Fixed operating and 
maintenance (O&M) costs of coal plants 
in China are also comparatively lower: 
O&M costs for a 1 GW supercritical 
plant in China, the EU and the US 
are US$28, US$60 and US$63 million, 
respectively.

15 Based on: IEA, (2014). World Energy 
Investment Outlook Investment Costs. Available: http://
www.worldenergyoutlook.org/weomodel/investment-
costs/. IEA investment costs correspond to overnight 
capital spending and do not include O&M expenditures, 
financing costs, research and development, mergers 
and acquisitions or debt and equity market transactions. 
Capital outlays on new plants tend to be spread over 
the years preceding installation and therefore overnight 
estimates should be considered low-end.

Project profitability

High tariffs, coupled with low capital 
and O&M costs, have made coal plant 
investments in China highly profitable 
ventures. This profitability reflects 
economies of scale and attractive 
financing. To overcome air pollution 
problems and make air cooling systems 
more economically viable, the Chinese 
government has promoted coal-fired 
generation in northern and western 
provinces through the delegation of 
licencing and low cost financing16. 
The economies of scale of coal plant 
investments in China is demonstrated by 
the reality that one “coal power base” 
has 30 GW of capacity, roughly twice the 
size of the UK’s existing coal capacity17. 
High tariffs coupled with comparatively 
low cash costs make coal plant 
investments highly profitable projects. 
Figure 5 estimates the gross profitability 
of each operating unit in China and 
shows that, despite currently low 
capacity factors, coal plant investments 
still appear to be profitable investments.

16 For more information on the delegation 
of coal plant licencing and financing costs of coal-fired 
companies in China, see IEA, (2016). World Energy 
Investment. Available: https://www.iea.org/investment/
17 Motherboard (2014). China Is Building a 
“Coal Base” the Size of LA. Available: http://mother-
board.vice.com/blog/theres-a-coal-base-in-china-the-
size-of-la

http://www.carbontracker.org
http://www.worldenergyoutlook.org/weomodel/investmentcosts/
http://www.worldenergyoutlook.org/weomodel/investmentcosts/
http://www.worldenergyoutlook.org/weomodel/investmentcosts/
https://www.iea.org/newsroom/news/2016/september/world-energy-investment-2016.html
http://motherboard.vice.com/blog/theres-a-coal-base-in-china-the-size-of-la
http://motherboard.vice.com/blog/theres-a-coal-base-in-china-the-size-of-la
http://motherboard.vice.com/blog/theres-a-coal-base-in-china-the-size-of-la
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Guaranteed hours

Another important factor behind the 
expansion in coal capacity is the recently 
announced deadline for guaranteed 
contract hours. To create a stable 
investment environment, China’s current 
power market design guarantees most 
plants a certain number of hours. In 
addition, to reduce air pollution and 
coal consumption, policymakers grant 
extra hours to coal plants with higher 
efficiency. This policy coupled with high 
tariffs provide a high level of investment 
security and thus have incentivised the 
build-out of coal capacity. In November 
2015, the NDRC introduced a policy 
which would no longer guarantee 
operating hours for coal units built after 

March 201718. This policy incentivised 
originators to frontload investments 
ahead of the March 2017 deadline. For 
example, in part due to low coal prices 
throughout 2015 but also the March 
2017 deadline, the number of plants 
under construction has increased 6% 
over the first half of 2016, from 193 GW 
in 2015 to 205 GW as of July 201619.

18 Toutiao, (2016). Available: http://www.
toutiao.com/i6311452181224489474/
19 Energy Transition Advisors, (2016), Thermal 
Coal in Asia – Stopping the Juggernaut. Available: 
http://et-advisors.com/wp-content/uploads/ETA-Asia-
Coal-Juggernaught_summary_final.pdf

Figure 5. Estimated gross profitability of operating coal units in China

Source: CTI analysis based on data from the Platts, CoalSwarm, IEA, Wood Mackenzie, NDRC and ICAP

* Gross profitability is calculated as the revenues from tariffs minus cash costs (fuel cost, O&M costs and carbon costs 
where applicable).

http://www.toutiao.com/i6311452181224489474/
http://www.toutiao.com/i6311452181224489474/
http://et-advisors.com/wp-content/uploads/ETA-Asia-Coal-Juggernaught_summary_final.pdf
http://et-advisors.com/wp-content/uploads/ETA-Asia-Coal-Juggernaught_summary_final.pdf
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Why it makes sense for China                       
to act on its coal overcapacity crisis

This section considers the planning, financial and climate risks 
associated with China’s coal overcapacity crisis. It focuses on 
the implications of building and operating existing and under 
construction capacity under the 13 FYP and a 2°C pathway. Several 
different sources are used due to the nature of the analysis. The 13 
FYP analysis uses year-end 2016 estimates to reflect the duration 
of the 13 FYP. The 2°C financial analysis uses the latest available 
estimate at the time of writing, while the 2°C climate analysis relies 
on the IEA’s ETP model outputs. 

Image Source: Wikicommons

http://www.carbontracker.org


Chasing the Dragon? China’s coal overcapacity crisis and what it means for investors20

13th Five Year Plan risk analysis

China adopted its 13 FYP on 15 March 
2016. The 13 FYP has high-level targets 
for energy and carbon intensity, with 
the former decreasing 15% from 2015 
levels by 2020 and the latter decreasing 
18% over the same period. The 13 
FYP also set a target of increasing 
non-fossil energy to at least 15% by 
2020. Combining these targets with 
population and GDP forecasts from the 
UN and World Bank, respectively, could 
see China’s carbon emissions increase 
2.1% per annum by 2020 from 2015 
levels20. This compares to the annual 
emissions growth of 5.4% seen over 
the last decade. In this section, we 
consider the implications of the 13 FYP 
for coal capacity by analysing how low 
carbon capacity targets coupled with 
a low power demand environment will 
inevitability squeeze coal generation out 
of the power mix.

20 Carbon Tracker, (2015). China’s 13th Five 
Year Plan offers no hope for coal markets, further 
suppressing carbon emissions. Available: http://www.
carbontracker.org/china-five-year-plan-coal-co2
-emissions-renewables/ 

As with previous five-year plans, the 13 
FYP has capacity targets for low carbon 
technologies. China’s 12th Five Year 
Plan (12 FYP) set 2015 capacity targets 
of 260 GW for hydro, 90 GW for wind, 
40 GW of nuclear and 5 GW for solar21. 
Besides nuclear, these targets were 
overachieved by a considerable margin. 
Installed capacity estimates for 2015 are 
provided in Table 1 alongside estimates 
for 2016. 

21 The Climate Group, (2011). Delivering Low 
Carbon Growth. A Guide to China’s 12th Five Year Plan. 
Available: https://www.theclimategroup.org/sites/de-
fault/files/archive/files/FINAL_14Mar11_-TCG_DELIVER-
ING-LOW-CARBON-GROWTH-V3.pdf

Fuel 2015 estimate (GW) 2016 estimate (GW) y-o-y %

Coal  884  926 5%

Wind  145  166 14%

Solar  44  74 69%

Biomass  11  15 39%

Gas  66  81 23%

Hydro  319  329 3%

Nuclear  26  35 33%

Total  1,495  1,626 9%

Table 1. China’s installed power capacity in 2015 and estimated installed capacity in 2016

Source: CTI analysis based on Platts, CoalSwarm, Global Wind Energy Council, Renewable Energy Policy Network for 
the 21st Century and National Bureau of Statistics of China.

http://www.carbontracker.org/china-five-year-plan-coal-co2-emissions-renewables/
http://www.carbontracker.org/china-five-year-plan-coal-co2-emissions-renewables/
http://www.carbontracker.org/china-five-year-plan-coal-co2-emissions-renewables/
https://www.theclimategroup.org/sites/default/files/archive/files/FINAL_14Mar11_-TCG_DELIVERING-LOW-CARBON-GROWTH-V3.pdf
https://www.theclimategroup.org/sites/default/files/archive/files/FINAL_14Mar11_-TCG_DELIVERING-LOW-CARBON-GROWTH-V3.pdf
https://www.theclimategroup.org/sites/default/files/archive/files/FINAL_14Mar11_-TCG_DELIVERING-LOW-CARBON-GROWTH-V3.pdf
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The 13 FYP’s 2020 capacity targets are 
“more than” 210 GW for wind, “more 
than” 110 GW for solar, 340 GW for 
hydro, 110 GW for gas and 58 GW 
for nuclear22. It is important to note 
that the 13 FYP is not binding, but a 
product of bureaucratic process and 
political bargaining. For this reason, 
unless explicitly mentioned in 13 FYP 
documentation, we expect China 
to exceed their low carbon capacity 
targets. For example, as detailed above, 
China’s low carbon capacity targets in 
the 12 FYP were exceeded by 59 GW 
or 23% for hydro, 50 GW or 56% for 
wind and 39 GW or 780% for solar. Table 
2 provides our estimates on non-coal 
capacity by 2020.

22 NEA, (2016). China’s Power Sector 13th 
Five Year Plan. Available: http://www.nea.gov.cn/xwf-
b/20161107zb1/text.htm. The biomass target is based 
on a previous estimate. See: CNPC, (2014). Thirteen Five 
energy planning renewable energy promotion. Available: 
http://wap.cnpc.com.cn/system/2014/11/06/001515083.
shtml

There is no target for coal capacity in 
the 13 FYP other than a 1,100 GW cap 
by 202023. This is approximately equal 
to the 884 GW of capacity operating 
in 2015 plus the 205 GW under 
construction as of July 201624. Since 
the 1,100 GW cap includes combined 
heat power plants, the government 
will likely need to halt further capacity 
under construction. However, in terms of 
returning investments to an equilibrium, 
the required amount of coal capacity 
depends on power demand and plant 
utilization.

23 See footnote 24.
24 Based on Coal Swarm, (2016).

Fuel 2016 estimate (GW) 2020 estimate (GW) CAAGR 2016-20

Wind 166 250 11%

Solar 74 150 20%

Biomass 15 30 18%

Gas 81 125 11%

Hydro 329 370 3%

Nuclear 35 58 14%

Total 700 983 9%

Table 2. China’s estimated non-coal power capacity in 2016 and 2020

Source: CTI analysis

http://www.carbontracker.org
http://www.nea.gov.cn/xwfb/20161107zb1/text.htm
http://www.nea.gov.cn/xwfb/20161107zb1/text.htm
http://wap.cnpc.com.cn/system/2014/11/06/001515083.shtml
http://wap.cnpc.com.cn/system/2014/11/06/001515083.shtml
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Existing coal capacity at risk
As power demand slows and low carbon 
capacity continues to occupy more of 
the power mix, the outlook for coal-fired 
generation over the period to 2020 is 
negative. Based on average GDP growth 
of 6.3% per year from 2016 to 2020 and 
a power generation coefficient of 0.5, 
we estimate total power generation 
growth will average approximately 3% 
per year through to 2020. The GDP 
growth rate is based on an OECD 
forecast25. The co-efficient reflects 
the changing relationship between 
GDP growth and power generation. 
According to the China Electricity 
Council (CEC), the coefficient of power 
consumption has decreased from 1.4 
throughout the 10th Five Year Plan to 
0.9 throughout the 12 FYP26.

25 OECD, (2016). China - Economic forecast 
summary (June 2016). Available: http://www.oecd.org/
economy/china-economic-forecast-summary.htm. From 
2018, we assume a growth rate of 6% per year.
26 China Electricity Council, (2014). Compi-
lation of Statistical Data for Electric Power Industry in 
2013. Available: http://www.chinabookshop.net/chi-
na-electricity-council-m-165.html

The amount of low carbon capacity in 
China is not only expected to increase 
significantly from 2016 to 2020, but 
the utilisation of wind and solar is 
also expected to increase. There are 
several reasons for the current low 
levels of wind and solar utilization, such 
as low quality equipment, suboptimal 
positioning of capacity and curtailment 
from grid operators. To combat 
curtailment from grid operators, the 
NDRC recently ordered operators to 
purchase at least 1,300 hours of solar 
and 1,800 hours of wind (an implied 
capacity factor of 15% and 21%, 
respectively), up from 914 hours for 
solar and 1,277 hours for wind in 201527. 
The most recent announcements on the 
13 FYP also stress the importance of 
reducing the curtailment of wind and 
solar28.

After taking power generation growth, 
non-coal capacity additions and 
increased capacity factors for wind 
and solar into account, the amount of 
coal capacity needed in the context 
of the 13 FYP depends on coal plant 
utilisation. For example, as detailed in 
Table 3, using a capacity factor of 45% 
for coal and a 3% per year growth rate 
in total power generation, 22 GW of 
coal capacity is not needed by 2020 (i.e. 
904 of capacity in 2020 minus 926 of 
capacity operating at the end of 2016). 
In this scenario, coal-fired generation 
would decrease 8% from 2015 to 2020.

27 Bloomberg, (2016). China’s NDRC order grid 
operators to purchase curtailed solar power in congest-
ed regions. Available: http://www.bloomberg.com/news/
articles/2016-06-01/china-s-order-for-green-power-pur-
chases-lifts-wind-solar-shares.
28 See footnote 22.

http://www.oecd.org/economy/china-economic-forecast-summary.htm
http://www.oecd.org/economy/china-economic-forecast-summary.htm
http://www.chinabookshop.net/china-electricity-council-m-165.html
http://www.chinabookshop.net/china-electricity-council-m-165.html
http://www.bloomberg.com/news/articles/2016-06-01/china-s-order-for-green-power-purchases-lifts-wind-solar-shares
http://www.bloomberg.com/news/articles/2016-06-01/china-s-order-for-green-power-purchases-lifts-wind-solar-shares
http://www.bloomberg.com/news/articles/2016-06-01/china-s-order-for-green-power-purchases-lifts-wind-solar-shares
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Table 3. Estimated generation of different fuels in 2020 based on 3% annual growth rate in 
power generation alongside the corresponding changes in capacity in 2016 and 202029

29 The 2020 estimate assumes capacity factors of 27% for wind and 17% for solar and are sourced from the 
Chinese government think-tank, Energy Research Institute National Development and Reform Commission (ERINDRC). 
See: ERINDRC, (2016). China 2050 High Renewable Energy Penetration Scenario and Roadmap Study. Available: 
http://www.efchina.org/Attachments/Report/report-20150420/China-2050-High-Renewable-Energy-Penetration-Sce-
nario-and-Roadmap-Study-Executive-Summary.pdf. The capacity factors for the other fuels are based on 2015 statistics 
from the CEC.

Fuel Capacity esti-
mate in 2016 
(GW)

Required ca-
pacity in 2020 
(GW)

2020 to 2016 
capacity delta 
(GW) 

Generation 
2020 (estimate 
in TWh)

Coal  926  904 -22  3,562 

Wind  166  250  84  591 

Solar  74  150  77  223 

Biomass  15  30  15  13 

Gas  81  125  44  318 

Hydro  329  370  41  1,329 

Nuclear  35  58  23  381 

Total  1,626  1,887  261  6,418 

Source: CTI analysis

http://www.carbontracker.org
http://www.efchina.org/Attachments/Report/report-20150420/China-2050-High-Renewable-Energy-Penetration-Scenario-and-Roadmap-Study-Executive-Summary.pdf
http://www.efchina.org/Attachments/Report/report-20150420/China-2050-High-Renewable-Energy-Penetration-Scenario-and-Roadmap-Study-Executive-Summary.pdf
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Table 4 below provides a matrix of 
different coal plant capacity factors and 
total power generation growth rates 
to give an indication of the amount of 
estimated coal capacity operating in 
2016 that is needed or unneeded to stay 
consistent with the 13 FYP. 

It would require a 4% annual increase 
in overall power generation to 2020 to 
see any increase in coal generation on 
2015 levels, assuming that, under the 13 
FYP, non-coal generation supplies the 
increased power levels indicated above. 
To put these figures into perspective, 
according to Chinese government 
statistics, the average capacity factor 
of the coal fleet in 2015 was 50% and 
power generation growth was 0.5%30.

30 National Energy Agency, (2016). National 
Energy Board released the total electricity consump-
tion in 2015. Available: http://www.nea.gov.cn/2016-
01/15/c_135013789.htm

Table 4. Matrix of needed or unneeded coal capacity (GW) in 2020 based on existing plants 
as of 2016 under different coal plant capacity factors and power generation growth rates 

Source: CTI analysis 

http://www.nea.gov.cn/2016-01/15/c_135013789.htm
http://www.nea.gov.cn/2016-01/15/c_135013789.htm
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Existing and under construction coal 
capacity at risk
Table 4 above only considers estimated 
coal capacity at the end of 2016. As 
mentioned above, as of July 2016 
China has 205 GW of coal capacity 
under construction. Taking account of 
a recent announcement to delay the 
construction of 17 GW in 201631, Table 
5 below provides a matrix of different 
coal plant capacity factors and total 
power generation growth rates to give 
an indication of the amount of estimated 
coal capacity in 2020 (i.e. estimated in

31 The NDRC recently halted construction on 
17 GW of coal capacity. This is discussed further on page 
34 of this report.

2016 plus those plants currently 
under construction) that is needed or 
unneeded to remain consistent with the 
13 FYP. If plants under construction are 
built and operate alongside existing 
plants with an average capacity factor of 
45%, 210 GW of capacity is unneeded 
by 2020, assuming power generation 
growth is 3% per year. Even if existing 
and under construction coal plants are 
run at a capacity factor of 45% and 
power demand grows at 5% there will 
still be an excess of capacity in 2020.

Table 5. Matrix of needed or unneeded coal capacity (GW) in 2020 based on existing 
plants and plants under-construction under different coal plant capacity factors and power 
generation growth rates

Source: CTI analysis 

http://www.carbontracker.org
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This analysis highlights the issue the 
Chinese government is going to face in 
the future: if 2020 low carbon capacity 
targets in the 13 FYP are met then coal 
generation will inevitability be squeezed 
out of the power mix. This dynamic 
will be exacerbated by slower power 
generation growth. This analysis also 
serves to illustrate the need to change 
some market structures if the Chinese 
government are going to let renewables 
displace coal. The only way the current 
situation can be sustained indefinitely is 
if the Chinese government continues to 
prop up coal plant investments through 
artificially high tariffs. Importantly, if coal 
capacity isn’t decommissioned, tariffs 
will need to be progressively increased 
due to declining rates of return from 
decreasing capacity factors.

2˚C risk analysis

In this section, we consider the financial 
and climate implications of China’s coal 
overcapacity crisis in the context of 
limiting global average temperature rise 
to 2°C.

Economic risk
Comparing the capacity requirements 
under the IEA’s 2DS highlights the 
financial implications of China’s coal-fired 
overcapacity crisis under a 2˚C pathway. 
According to the IEA: “The 2DS lays out 
an energy system deployment pathway 
and an emissions trajectory consistent 
with at least a 50% chance of limiting 
the average global temperature increase 
to 2°C.” In the IEA’s 2DS, unabated 
coal-fired capacity in China decreases 
from about 920 GW in 2016 to 70 GW 
in 2050, while actual generation from 
unabated coal-fired units is completely 
phased-out by 2050 from over 4,300 
TWh in 201632. The evolution of capacity 
and generation of unabated coal-fired 
units in the 2DS are shown in Figure 6 
below.

32 Note the 920 GW figure is different from our 
2016 estimate of 926 GW operating coal-fired capacity. 
The ETP model is formulated upon a base year of 2013 
and therefore will likely be revised upwards in the 2017 
ETP.
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China has a relatively young fleet of 
coal-fired units, averaging 16 years 
old. Figure 7 compares (i) the existing 
fleet with a 40-year plant lifecycle and 
the unabated coal capacity in the 2DS; 
with (ii) the capacity factor in the 2DS 
and the capacity factor of the existing 
fleet operating for a 40-year lifetime to 
provide the amount of generation under 
the 2DS. Figure 7 illustrates how much 
capacity China already has relative to the 
capacity and generation requirements 
under the 2DS. 

Assuming a 40-year plant lifecycle of 
its existing units, China can remain 
consistent with the 2DS and avoid 
building any additional units simply by 
increasing the utilization of their existing 
fleet from now until 2032. After 2032, 
this situation becomes inconsistent with 
the 2DS and therefore unabated units 
will need to be progressively retrofitted 
with CCS or retired prematurely.

Figure 6. China’s power generation (LHA) and capacity under the ETP’s 2DS (RHA)

Source: CTI analysis based on IEA data

http://www.carbontracker.org
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Wasted capital
As of July 2016, China had 205 GW of 
coal capacity under construction and 
405 GW of coal capacity planned. As 
detailed above, since China can rely on 
its 895 GW of existing units to generate 
the power allocated to unabated coal 
plants in the 2DS, all units currently 
under construction and planned are 
unneeded and pose a significant 
financial risk. Based on a capital cost of 
US$800 million per kW, US$490 billion 
of capital is at risk (US$165 billion from 
plants under construction and US$325 
billion from those that are planned)33.

33 Based on IEA estimates (WEIO, 2014).

Climate change risk
To highlight the climate risks associated 
with continued use of coal-fired power 
in China, we developed three difference 
scenarios: (i) existing units as of July 
2016 operating for a 40-year lifetime; 
(ii) existing units plus those units under 
construction; and (iii) existing units plus 
those units under construction and 
planned. As mentioned above, as of July 
2016, China has 895 GW of existing coal 
capacity with an average plant age of 16 
years. From 2016 to 2050, 600 GW will 
be retired due to plant age. The project 
pipeline consists of 205 GW under 
construction and 405 GW planned. 

Figure 7. Existing capacity (LHA) versus 2DS capacity (LHA) and 2DS generation (RHA)

Source: CTI analysis based on CoalSwarm and IEA data
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Scenario (ii) assumes a 5-year phase-
in of units under construction, while 
scenario (iii) assumes a 10-year phase-in 
of planned units. We use an average 
capacity factor of 50% for all units. 

The 2°C carbon budget for coal power 
in China is determined from publically-
available model outputs from the IEA’s 
ETP 2DS. ETP model outputs provide 
the fuel inputs for coal power and 
heat generation in PJ, gross electricity 
capacity from coal in GW and gross 
electricity generation from coal in 
TWh. The heat rate is determined by 
dividing BTU by kWh. We assume a 
BTU content of 3,412 per kWh34 and an 
emissions factor of 95 kt/PJ for coal35. 
Linear interpolations are used where no 
annual data is provided. Based on these 
assumptions, the 2˚C carbon budget for 
unabated coal power in China is 74 Gt/
CO2 from 2016 to 2050.

34 EPA, (2016). What is the efficiency of differ-
ent types of power plants? Available: http://www.eia.
gov/tools/faqs/faq.cfm?id=107&t=3
35 Based on IEA ETP assumptions. IEA, (2016). 
Framework assumptions. Available: https://www.iea.org/
etp/etpmodel/assumptions/

Figure 8 presents the results of the 
scenario analysis and identifies the year 
the carbon budget will be exhausted. 
If no new coal plants are built and each 
unit is retired when it turns 40, the 2˚C 
carbon budget will still be exhausted by 
2040. After 2040, coal capacity would 
need to emit no carbon to remain 
consistent with the 2°C budget. This 
is currently technically impossible as 
existing CCS-equipped coal plants still 
emit around 100 grams of carbon per 
kWh36. If under construction capacity 
is built alongside existing capacity, the 
2°C budget will be used by 2036. If 
existing, under construction and planned 
capacity is built, the 2°C budget will be 
consumed by 2032. 

36 This compares to >880 grams of carbon 
per kWh for subcritical technologies and 880-670 grams 
of carbon per kWh for “high efficiency low emissions” 
technologies. See: IEA (2012). Technology Roadm-
ap: High-Efficiency, Low-Emissions Coal-Fired Power 
Generation. Available: https://www.iea.org/publica-
tions/freepublications/publication/TechnologyRoad-
mapHighEfficiencyLowEmissionsCoalFiredPowerGenera-
tion_WEB_Updated_March2013.pdf

Figure 8. The year the carbon budget for China’s unabated coal power will be exhausted 
under different scenarios

Source: CTI analysis based on CoalSwarm and IEA data

http://www.carbontracker.org
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https://www.iea.org/publications/freepublications/publication/TechnologyRoadmapHighEfficiencyLowEmissionsCoalFiredPowerGeneration_WEB_Updated_March2013.pdf


Chasing the Dragon? China’s coal overcapacity crisis and what it means for investors30

It is important to note that this scenario 
analysis uses a low capacity factor of 
50% and is based on 50% chance of 
limiting the average global temperature 
increase to 2˚C. The following factors 
will both reduce the 2˚C budget and 
consume it more quickly: (i) holding 
temperate rise to well below 2˚C as 
described in the Paris Agreement; 
(ii) a higher probability of limiting 
temperature rise; and (iii) a higher 
capacity factor.

This analysis on the financial and climate 
risks of China’s coal capacity staying 
consistent with a 2˚C carbon budget 
has three key findings: (i) China never 
needs to build another coal plant again 
to deliver the generation requirement 
under the 2DS; (ii) the entire project 
pipeline (under construction and 
planned) are therefore not needed and 
have a capital cost of about half a trillion 
US dollars; and (iii) without wholesale 
reform and long-term planning China’s 
coal fleet will quickly exhaust the 2˚C 
budget provided in this analysis. The last 
finding is of most significance: retiring 
and retrofitting capacity with CCS is 
of crucial importance to stay on a 2˚C 
trajectory. Assuming China halts capacity 
under construction and relies on its 
existing fleet, retiring and retrofitting 
will still need to be implemented 
post-2030. The implementation of CCS 
at scale poses significant technical, 
economic and planning challenges. To 
stand a realistic chance of achieving the 
level of retrofitting required to stay on a 
2˚C pathway, a nationwide CCS industrial 
strategy for coal power would need 
to be implemented no later than the 
early 2020s. However, if more capacity 
is bought online, China will need to 
implement CCS retrofitting earlier to 
stay consistent with the 2˚C budget. 

If the latter is pursued, current evidence 
suggests it will cost more than low 
carbon alternatives.37

Financial system risk analysis

China is enormous, decentralised and 
undergoing swift structural change. 
While the 2016 credit stimulus will 
support industry sectors this year, the 
days when China could grow at a fast 
pace by accumulating capital – safe in 
the knowledge that this capital would 
deliver high returns – appear to be over. 
China’s next phase of economic growth 
will need to come from the efficient use 
of resources and domestic consumption. 
Reforms to the energy sector will prove 
critical to improving China’s resource 
efficiency. Opaque and inappropriate 
pricing structures for power generation 
have long been a key distortion in the 
Chinese economy. Reforms need to be 
developed and implemented in a way 
that creates a safe, solvent and efficient 
power sector. One of the biggest 
problems in the Chinese economy is the 
low productivity of SOE assets. Thus, 
reform will require shifting the incentives 
of government officials into alignment 
with a more efficiency-orientated power 
sector. The utilisation of SOE-owned 
coal plants are already at eye-wateringly 
low levels and perversely more capacity 
is being built due to guaranteed hours 
and high tariffs.

37 According an IEA study, only a third of 
China’s existing coal plants could be retrofitted at an 
additional cost of US$ 34-129 MWh. In comparison, in a 
government-backed auction for 1 GW of solar PV capac-
ity in Inner Mongolia had a bid as low as US$78 MWh. 
See: IEA, (2016). Ready for retrofit. Available: https://
www.iea.org/publications/insights/insightpublications/
ready-for-ccs-retrofit-.html and Reuters, (2016) Chinese 
solar power project developers offer record low tariff 
price. Available: http://uk.reuters.com/article/china-pow-
er-solar-idUKL3N1BZ3CY

https://www.iea.org/publications/insights/insightpublications/ready-for-ccs-retrofit-.html
https://www.iea.org/publications/insights/insightpublications/ready-for-ccs-retrofit-.html
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This process of pouring capital into 
increasingly underutilised assets cannot 
continue indefinitely; at some point the 
internal rate of return (IRR) becomes 
so low that debt obligations cannot be 
met. At that stage one of two events 
occur: there will be a financial crisis 
(because debt obligations are not met); 
or the economy will move into recession 
(because even if debt obligations 
are circumvented, the debt-fuelled 
projects are delivering little or no IRR). 
Predictions from analysts suggesting 
the former are probably best ignored 
due to China’s unique debt situation. 
All financial crises depend on the same 
institutional and psychological factors. 
For a financial crisis to eventuate 
you need two events to emerge 
simultaneously: unsustainable levels of 
debt and a trigger event that forces 
a call on that debt. With regards to 
China’s power sector, the debt exists 
but not the trigger, as the assets and the 
associated debt are both held by the 
government38.

Notwithstanding this, diminishing 
returns is a very serious concern and 
should prompt the government to act 
with conviction to stop economically 
irrational coal power investments. To 
illustrate how coal power investments 
will become less efficient and lose 
their viability with lower levels of 
utilisation, Figure 9 compares the IRR 
and generation costs with different 
capacity factors. Since a proportion of 
a coal plant’s running cost is fixed, a 
lower capacity factor means that fixed 
O&M costs are spread over a smaller 
number of operating hours. This, in turn, 
progressively reduces the IRR of the 
project. In theory, once the IRR is less 
than the cost of capital it becomes an 
unviable project. 
38 This situation applies to the Chinese econo-
my more broadly, as argued by Kroeber, (2016). China’s 
Economy: What Everyone Needs to Know?

The current official lending rate of the 
People’s Bank of China (PBC) is 4.35% 39. 
All else being equal, not only does the 
IRR of coal plant investments decline, 
their bankability relative to low carbon 
alternatives decreases as well. Indeed, 
high rates of renewable energy are a 
long-term inevitability of China’s energy 
transition, which will increasingly put 
pressure on the economics of coal-fired 
generation40. As mentioned above, 
China currently has 205 GW of coal 
capacity under construction and 405 
GW planned, with an overnight capital 
cost of US$165 billion and US$325 
billion, respectively. As explained above, 
this capacity is unneeded and if built 
it could drive average capacity factors 
to prohibitively low levels, putting 
the country’s financial system under 
additional pressure from the risk of 
large-scale defaults.

39 It should be noted that (i) Chinese SOEs 
have their own financing facilities and therefore the 
PBC’s official lending rate may not necessarily reflect the 
cost of capital for building coal power plants; and (ii) the 
PBC’s official lending rate is at a historical low, having 
been reduced from 4.5% in late 2015.
40 Carbon Tracker, (2016), End of the load. 
Available: http://www.carbontracker.org/report/the-end-
of-the-load-for-coal-and-gas/

http://www.carbontracker.org
http://www.carbontracker.org/report/the-end-of-the-load-for-coal-and-gas/
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Figure 9. IRR (LHA) and generation costs (RHA) of a hypothetical coal plant project under 
different capacity factors

Source: CTI analysis based on data from IEA and NDRC
* For illustrative purposes only. Assumes the following: ultra-supercritical plant with an overnight capital cost of 
US$800/kW, fixed O&M cost of US$32/kW, fuel cost of US$3.2/GJ, tariff of US$54/MWh and a corporate tax rate of 
25%. The 2020 without reform estimate assumes the following: (i) the 13 FYP coal cap of 1,100 GW cap is reached; (ii) 
the 13 FYP non-coal capacity targets in Table 2 are achieved; and (3) power generation growth of 3% per year.
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What measures China is 
taking to contain its coal 
overcapacity crisis

The Chinese government is aware of the overcapacity crisis and the 
need for policy interventions to return coal generation investments 
to equilibrium. For example, the head of the National Energy Agency 
(NEA) stated in an interview in March 2016 that the government is 
aware of this risk and is taking steps to avoid overcapacity in coal 
power41. The question is not whether China will act with conviction to 
deal with its coal overcapacity crisis, but how and when. This section 
briefly describes the key reforms and their implications for investors.

41 China Energy News, (2016). Energy Secretary responds to hottest topics. Available: http://energy.people.
com.cn/n1/2016/0312/c71661-28193617.html

Image Source: Wikicommons

http://www.carbontracker.org
http://energy.people.com.cn/n1/2016/0312/c71661-28193617.html
http://energy.people.com.cn/n1/2016/0312/c71661-28193617.html


Chasing the Dragon? China’s coal overcapacity crisis and what it means for investors34

Air pollution plans and existing 
regional moratoriums

China’s air pollution problems are a 
result of rapid industrialisation and 
urbanisation over the past three 
decades. According to China’s Ministry 
of Environmental Protection, only 8 
of the 74 major Chinese cities that 
are currently subject to air quality 
monitoring met the national standard 
for clean air in 201442. The IEA estimates 
that approximately 3% of the population 
in China enjoys a level of exposure to 
PM2.5 concentrations that complies 
with WHO guidelines 43. To combat 
their air pollution problems, in 2013, 
the Chinese government introduced 
the Action Plan (AP) – a provincial-level 
roadmap to improve air quality from 
2013 to 2017. The AP aims to reduce 
PM2.5 pollution towards the National 
Ambient Air Quality Standard of 35 μg/
m3, and contains detailed measures that 
address other pollutants 44. The AP led 
to several bans on coal-fired generation 
near Chinese cities. In 2013, China’s 
State Council announced a ban on new 
coal plants in Beijing, Shanghai and 
Guangzhou 45. 

42 Clean Air Asia, (2015). China Air 2015 Air 
Pollution Prevention and Control Progress in Chinese 
Cities. Available: http://www.cleanairasia.org/wp-con-
tent/uploads/2016/03/ChinaAir2015-report.pdf
43 IEA (2016), World Energy Outlook Special 
Report 2016: Energy and Air Pollution. Available: https://
www.iea.org/publications/freepublications/publication/
weo-2016-special-report-energy-and-air-pollution.html
44 NAAQS of China sets PM2.5 concentration 
limits for both the 24-hour average (35μg/m3
 and 75μg/m3 for Grade I and II, respectively) and the 
annual mean value (15μg/m3 and 35μg/m3 for Category 
I and II zones, respectively). See: Zhang and Cao (2015), 
Fine particulate matter (PM2.5) in China at a city level. 
Available: http://www.nature.com/articles/srep14884 

45 MEP, (2013). The State Council Issues Action 
Plan on Prevention and Control of Air Pollution introduc-
ing ten measures to improve air quality. Sourced from: 
IEA, (2016), Energy, Climate Change and Environment: 
2016 Insights. Available: http://www.iea.org/publica-
tions/freepublications/publication/ECCE2016.pdf

In April 2016, the NEA ordered 
13 provincial governments to stop 
issuing approvals for new coal-fired 
power plants until the end of 2017 46. 
More recently, the NDRC set a policy 
precedent by announcing that even 
plants under construction are at risk of 
being halted, which suggests the gate 
is closing for most new coal projects. 
In October 2016, the NDRC halted 17 
GW of capacity under construction 47. 
The under-construction project halt 
applies to so called “self-use” plants (i.e. 
units used to satisfy provincial demand) 
in “red” provinces 48, as opposed to 
so called “sending-out” plants (i.e. 
units connected to Ultra High Voltage 
transmission lines in key coal power 
bases) and those plants used for district 
heating.

NDRC and NEA moratorium proposal 
for planned plants

In April 2016, the NDRC and the NEA 
released a joint document proposing 
a “traffic light” policy to control the 
number of new units being built. 
Pursuant to the proposal, provinces in 
China are colour-coded red 49, orange 50 
or green 51 based on market oversupply, 
resource limitations and the average rate 
of return of units within the province. 

46 BJX News, (2016), Thermal power encounter 
“wake-up call”. Available: http://news.bjx.com.cn/
html/20160324/718971.shtml
47 BJX News, (2016). Regulatory planning and 
construction of coal notice. Available: http://news.bjx.
com.cn/html/20161016/780696.shtml
48 The “red” provinces include: Inner Mon-
golia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, 
Zhejiang, Fujian, Shandong, Henan, Hunan, Guangdong, 
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, 
Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Hong Kong 
and Macau. For more information on provincial colour 
coding, refer to the section on the NEA’s moratorium 
proposal for planned plants.
49 See footnote 19 for “red” provinces.
50 Hubei is the only “orange” province.
51 The “green” provinces include: Anhui, 
Jiangxi and Hainan.

http://www.cleanairasia.org/wp-content/uploads/2016/03/ChinaAir2015-report.pdf
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http://news.bjx.com.cn/html/20160324/718971.shtml
http://news.bjx.com.cn/html/20160324/718971.shtml
http://news.bjx.com.cn/html/20161016/780696.shtml
http://news.bjx.com.cn/html/20161016/780696.shtml
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The proposal recommends that 
proposed units in “red” provinces 
should be suspended until 2019, units 
in “orange” provinces require careful 
decision-making until 2019 and units in 
“green” provinces can go-ahead until 
2019. This proposal would help keep 
the supply and demand balance of 
coal power in equilibrium by ensuring 
the project pipeline reflects important 
near-term economic and environmental 

considerations. If implemented, the 
impact would be significant. Over 
90% of all capacity planned would 
fall in “red” provinces and would be 
suspended until 2019. Based on the 
same assumptions used above, the 
capacity in the “red” provinces have a 
capital cost of US$300 billion.

Figure 10. The impact of the NDRC and NEA proposal on planned coal capacity

Source: CTI analysis based on CoalSwarm and NDRC data

http://www.carbontracker.org
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Table 6 below details the capital cost of the planned capacity in “red” provinces by 
company. 

Company Capacity (MW) Capital cost of capacity 
(million US$)

Shenhua Group       43,420      34,736 

China Huaneng       42,600      34,080 

China Guodian       41,670      33,336 

China Datang       38,620      30,896 

China Huadian       33,340      26,672 

CPI       30,530      24,424 

Shaanxi Provincial Investment Group       10,000        8,000 

Guangdong Yudean Group         9,200        7,360 

China Resources         9,100        7,280 

SDIC         6,700        5,360 

Power China         6,000        4,800 

Gansu Electric Power Investment         5,320        4,256 

Chongqing Energy Investment Group         5,280        4,224 

Datong Coal Mining Group         4,020        3,216 

Shenhua Group, Shanxi Binchang Mining Group         4,000        3,200 

Hangzhou Jinjiang Group         3,690        2,952 

Zhejiang Provincial Energy Group         3,320        2,656 

Shenhua Group, Wenergy Group         3,320        2,656 

Shanxi International Energy Group         3,200        2,560 

Shanxi Luxin Energy Group         2,800        2,240

Others        91,022        72,818

Table 6. Company ownership and the capital cost of the capacity suspended under the 
NDRC and NEA proposal 

Source: CTI analysis based on CoalSwarm and NDRC data
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Power market reform

In 2003, the Chinese power sector was 
restructured to break up the vertically-
integrated companies and replace them 
with two grid companies and five large 
generation corporations52. Further steps 
toward more market-based power 
began in earnest in 2015 under the 
auspices of Policy No. 9  53. The main 
reforms that could potentially impact 
coal-fired generation include:

• Separate transmission and 
distribution from retail to establish 
pricing based on an “approved 
costs plus reasonable profit” 
principle;

• Direct purchase plan for large 
consumers;

• Pilot power markets with the 
intention of expanding to a national 
market;

• Dispatch priority is provided 
to renewable energy and co-
generators; and 

• Agriculture, hospitals, water and 
gas supply, public transport and 
residential sectors are kept out of 
electricity market.

Provinces have already announced pilot 
schemes for wholesale power markets54. 
However, due to their potential impact 
on coal generators, nationwide reform 
will likely proceed slowly and could be 
subject to significant changes. 

52 IEA, (2006). China’s power sector reforms: 
where to next? Available: https://www.iea.org/publica-
tions/freepublications/publication/chinapower.pdf
53 China Power, (2015). Opinions on Further 
Deepening Electricity System Reform. Available: http://
hvdc.chinapower.com.cn/news/1037/10374392.asp
54 Rap, (2016). Wholesale Electricity Markets 
and Pricing in China: How is Reform Going? Available: 
http://www.raponline.org/wholesale-electricity-mar-
kets-pricing-china-reform-going/

Grid operators will also still oversee 
distribution plans, which could 
discourage new entrants due to the 
risk of curtailment55. Nonetheless, if 
implemented, these reforms could 
have significant implications for coal-
fired generators. The direct purchase 
plan will allow large industrials to 
directly purchase power via purchase 
agreements from generators. This could 
save large industrial and commercial 
consumers money not just by directly 
purchasing power from generators, 
but also by developing a market-
based power pricing mechanism. The 
introduction of competitive pricing on 
the generation and retail sides should 
also benefit consumers and undermine 
coal-fired generators who are currently 
benefiting from overly generous tariffs. 
According to one source, the NDRC and 
NEA have required 30% of industrial 
power consumption to be covered 
by bilateral contracts and centralized 
auctions by 2016. By 2020 this is 
projected to reach 100% of all industrial 
and commercial consumption56. Indeed, 
according to one Chinese newswire, 
20% of coal generation is already 
getting a negotiated market tariff that 
is typically 10-15% less than current 
tariffs57. 

55 Energy Studies Institute, (2016). A New 
Chapter in China’s Electricity Market Reform. Available: 
http://esi.nus.edu.sg/docs/default-source/esi-policy-
briefs/a-new-chapter-in-china-s-electricity-market-reform.
pdf
56 RAP, (2016). Wholesale Electricity Markets 
and Pricing in China: How is Reform Going? Available: 
http://www.raponline.org/wholesale-electricity-mar-
kets-pricing-china-reform-going/
57 South China Morning Post, (2016). Chinese 
power generators face tougher times as deregulation 
sparks competition. Available: http://www.scmp.com/
business/companies/article/2045769/chinese-power-gen-
erators-face-tougher-times-deregulation-sparks
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In liberalised markets, grid priority for 
renewables tends to reduce revenues 
for coal-fired generators. Grid priority 
means grid operators must take their 
electricity first. To date this has often 
been a legal requirement to encourage 
the build-out of renewable energy in 
Europe. But it also makes economic 
sense, since the marginal cost of wind 
and solar generation is very low, the grid 
would take their power first anyway. 

The increased production of solar and 
wind energy has dramatically reduced 
intraday electricity prices in Europe 58. 
The middle of the day is when solar 
generation is strongest. Thanks to grid 
priority, solar tends to take a big chunk 
of peak demand and has competed 
away the price spike, resulting in lower 
intraday power prices.

58 Carbon Tracker, (2015). Coal: caught in the 
EU death spiral. Available: http://www.carbontracker.
org/report/eu_utilities/

Figure 11. Illustration of the impact of low cost units operating at 75% capacity factor to 
deliver the same amount of power provided by the 895 GW of existing capacity as of July 
2016

Source: CTI analysis based on data from IEA and NDRC

http://www.carbontracker.org/report/eu_utilities/
http://www.carbontracker.org/report/eu_utilities/


www.carbontracker.org 39

National ETS
China is no stranger to carbon markets: 
it has over ten years of experience from 
the UN’s Clean Development Mechanism 
and more recent knowledge from seven 
pilot carbon trading programs. The 
pilot programs were announced in 2011 
and implemented from 2013 to 2014, 
covering five cities and two provinces. 
The pilots cover a range of sectors and 
have different compliance thresholds 
as well as varying leakage, allocation, 
offset and trading provisions. But they 
all include power and the main forms of 
industry 59. Since China’s announcement 
last year on establishing a national 
ETS, draft legislation has been tabled 
by the NDRC and is awaiting approval 
from the State Council. The NDRC has 
recommended the ETS includes the 
following sectors: power, iron and steel, 
chemicals, pulp and paper, non-ferrous 
metal, petrochemicals and aviation. 
It is expected that legislation will be 
approved in 2016. Quantifying the 
impact of the law is currently impossible, 
because there are no specifics on 
matters such as the cap. 

59 For more information, see: IETA, (2016). Chi-
na’s National Emissions Trading System Implications for 
Carbon Markets and Trade. Available: http://www.ieta.
org/resources/China/Chinas_National_ETS_Implications_
for_Carbon_Markets_and_Trade_ICTSD_March2016_
Jeff_Swartz.pdf

Due to China’s significant overcapacity 
in the power and industry sectors, 
there is a significant risk the ETS will 
be overallocated. In addition, non-
GHG policies could dilute the impact 
of the ETS. For example, according to 
the IEA, strong air quality policy could 
have a significant impact on China’s 
carbon emissions trajectory 60. If this 
eventuated, which is a possibility given 
China’s air pollution problems and 
growing middle class, the potential 
abatement from the national ETS will, 
at best, be relatively insignificant or, at 
worst, non-existent. That said, due to 
its unique governance, China is likely 
better placed to manage endogenous 
factors (i.e. other mechanisms in the 
policy matrix) and exogenous factors 
(i.e. economic instability, unforeseen 
efficiency gains and business model 
changes), which have undermined the 
effectiveness of carbon trading systems 
to date.

Figure 12 highlights the impact of a 
carbon price on the gross profitability 
of coal-fired capacity in China. All else 
being equal, a carbon price of US$30 
t/CO2 could make more than half of 
China’s existing coal capacity cash flow 
negative (i.e. fuel cost, O&M costs 
and carbon costs where applicable will 
exceed revenues from tariffs). Alongside 
more market-oriented tariffs, carbon 
pricing could have a profound impact 
on the relative economics of coal-fired 
generation.

60 IEA (2016), World Energy Outlook Special 
Report 2016: Energy and Air Pollution. Available: https://
www.iea.org/publications/freepublications/publication/
weo-2016-special-report-energy-and-air-pollution.html

http://www.carbontracker.org
http://www.ieta.org/resources/China/Chinas_National_ETS_Implications_for_Carbon_Markets_and_Trade_ICTSD_March2016_Jeff_Swartz.pdf
http://www.ieta.org/resources/China/Chinas_National_ETS_Implications_for_Carbon_Markets_and_Trade_ICTSD_March2016_Jeff_Swartz.pdf
http://www.ieta.org/resources/China/Chinas_National_ETS_Implications_for_Carbon_Markets_and_Trade_ICTSD_March2016_Jeff_Swartz.pdf
http://www.ieta.org/resources/China/Chinas_National_ETS_Implications_for_Carbon_Markets_and_Trade_ICTSD_March2016_Jeff_Swartz.pdf
https://www.iea.org/publications/freepublications/publication/weo-2016-special-report-energy-and-air-pollution.html
https://www.iea.org/publications/freepublications/publication/weo-2016-special-report-energy-and-air-pollution.html
https://www.iea.org/publications/freepublications/publication/weo-2016-special-report-energy-and-air-pollution.html


Chasing the Dragon? China’s coal overcapacity crisis and what it means for investors40

Figure 12. Estimated gross profitability of existing coal units in China as of 2016 under 
various carbon prices

Source: CTI analysis
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To illustrate the impact of both a 
national ETS and power market reforms, 
we developed a 2020 reform scenario. 
The 2020 reform scenario includes the 
following: a carbon price of US$10 t/
CO2 and a 15% fall in current coal power 
tariffs. The NDRC has stated that the 
initial carbon price will be approximately 
US$5 t/CO2

61. We include a carbon 
price of US$10 t/CO2 by 2020, which 
is consistent with previous estimates 
from other analysts62. With regards 
to power market reforms, as detailed 
above, one-fifth of coal generation is 
already receiving a negotiated market 
tariff that is typically 10-15% less than 
current tariffs. This is broadly consistent 
with NDRC and NEA provisions 
requiring 30% of industrial power 
consumption be covered by bilateral 
contracts and centralized auctions by 
2016. By 2020 this is projected to reach 
100% of all industrial and commercial 
consumption63. We assume this power 
market reform will lead to a 15% fall in 
current tariffs.

Our reform scenario leads to a 
substantial reduction in the profitability 
of the existing fleet. All else being equal, 
the gross profitability of the existing 
fleet halves from US$33 per MWh in our 
2016 estimate to US$17 per MWh by 
2020 in our reform scenario64. 

61 China Dialogue, (2016). China prepares to 
open national carbon market. Available: https://www.
chinadialogue.net/article/show/single/en/9406-China-
prepares-to-open-national-carbon-market
62 Carbon Pulse, (2016). China carbon price 
near $11/t by 2020, analysts ICIS Tschach predict. Availa-
ble: http://carbon-pulse.com/9012/
63 RAP, (2016). Wholesale Electricity Markets 
and Pricing in China: How is Reform Going? Available: 
http://www.raponline.org/wholesale-electricity-mar-
kets-pricing-china-reform-going/
64 The averages are capacity-weighted.

Of the 895 GW of operating capacity, 
27 GW becomes cash flow negative and 
140 GW makes a gross profit of US$5 
per MWh or less. Those units that have 
a gross profitability of US$5 per MWh 
or less will be sensitive to changes in 
fuel costs in the future. For example, for 
every dollar increase in the coal price, 
the capacity-weighted average cash 
cost of the operating fleet increases 
by US$0.5 per MWh. Therefore, a 
US$10 per ton increase in the coal price 
would increase the average operating 
cost by US$5 per MWh and, all else 
being equal, would decrease the gross 
profitability by an equivalent amount. 
This sensitivity towards fuel costs 
perhaps goes someway to explain the 
recent intervention from the NDRC 
to relax production targets to keep 
coal prices within a price range65. It is 
important to note that the impact of 
the reform scenario will be magnified 
by power slower demand growth and 
further interventions to halt capacity 
currently under construction. As detailed 
below, if power demand growth slows 
and capacity under construction is 
built and allowed to operate, then the 
total number of operating hours will be 
spread across more plants.

65 Bloomberg, (2016). China Coal Behemoth 
Said to Sideline Traders to Cool Prices. Available: http://
www.bloomberg.com/news/articles/2016-11-16/china-
coal-giant-said-to-sideline-traders-in-push-to-cool-prices

2020 CTI reform scenario
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Figure 13. The impact of the 2020 CTI reform scenario on profitability of existing coal units 
in China as of 2016

Source: CTI analysis
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To assess the impact of a fall in China’s 
coal-fired generation on its need for 
imports, China’s demand for thermal 
coal can be compared to its estimated 
potential production. A simple exercise 
has been performed below to illustrate a 
possible change in dynamic.

Estimating coal demand

The level of coal demand commensurate 
with a 2020 generation of 3,562 TWh 
was estimated on a pro-rata basis, using 
the following parameters:

1. 2015 coal demand. Wood 
Mackenzie estimate that Chinese 
thermal coal demand in 2015 was 
3,240 mt. 

2. 2015 and 2020 coal-fired 
generation. Based on CoalSwarm 
capacity data and CTI analysis, we 
estimate coal generation in China 
was 3,855 TWh in 2015. In 2020, we 
estimate that coal-fired generation 
will be 3,562 TWh, a fall of 8% from 
2015 to 202066.

66 See Table 3.

3. Electricity generation per energy 
unit of coal. In the IEA’s 2016 
ETP 2DS scenario, the amount of 
electricity generated per joule of 
coal increases by 1.7% CAAGR 
over the period 2013 to 2020. This 
reflects China’s growing combined 
heat capacity, which uses the heat 
it creates to generate additional 
power from the same amount 
of coal, as well as incremental 
increases in lower heating value 
efficiency. Over the 2015-2020 
period, this CAAGR amounts to 
an 8.9% increase in electricity 
generation per joule of coal – i.e., 
were generation to remain flat, coal 
demand would still fall by 8.1%.

4. Coal energy content. In the Wood 
Mackenzie Coal Global Economic 
Model (GEM), a database of 
potential supply, the average energy 
content of Chinese coal decreases 
from 5,619 kcal/kg in 2015 to 
5,583 kcal/kg in 2020, i.e. a fall of 
0.6%. Accordingly, the tonnage 
of coal required to meet power 
sector demand must be adjusted 
up by 0.6% to reflect that more 
coal needs to be burned to deliver 
the same amount of energy. The 
demand figure therefore represents 
an absolute figure in tonnes that is 
reflective of the expected average 
energy content of Chinese coal, 
rather than being homogenised to a 
particular standard energy content 
per tonne for the time frame.

Implications for seaborne 
market suppliers

http://www.carbontracker.org
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Applying the 8% fall in coal-fired 
generation, an 8.9% increase in energy 
production per joule of coal and a 0.6% 
decline in coal energy content over 
the 2015 to 2020 period to the 2015 
thermal coal demand of 3,240 mt, yields 
a 2020 estimated thermal coal demand 
of 2,768mt – a 15% decrease on 2015 
levels.

Estimating potential coal supply

Wood Mackenzie’s Coal GEM is a 
database of potential coal supply at 
the project level, and can be used to 
estimate the possible availability of 
coal in a given year if the available 
projects are developed. Projects are 
split into two categories: 1) those that 
supply demand via rail or road, here 
called “domestic”; and 2) those whose 
output is moved to port for shipping 
(“seaborne”). At present, the vast 
majority of coal that leaves Chinese 
mines for trade via sea move along the 
coast to another location in China for 
consumption.

Note that “potential supply” in this 
context should not be interpreted as 
representing maximum production 
capacity; it is closer to a business-as-
usual case that incorporates industry 
expectations. As an example of this, in 
the equivalent Wood Mackenzie dataset 
released a year earlier than the Coal 
GEM, potential Chinese production in 
2020 was more than 850 mt greater than 
the set used in this analysis. This reflects 
lower expectations of Chinese demand 
rather than a reduction in the amount 
of coal available to mine. The resetting 
of expectations of Chinese demand is 
significant, and investors need to ensure 
that coal exporters have adjusted their 
plans accordingly when considering 
investment in new mines based on 
a growing seaborne market. In this 

exercise, Chinese production is assumed 
to fall 4% on a metric tonne basis as 
over capacity is eliminated and the coal 
industry is rebalanced over the period 
2015 to 2020.

Comparing demand and supply

In 2015, potential countrywide Chinese 
production can be seen to be 138 mt 
below estimated demand. This gap 
was filled by 141 mt net imports (Wood 
Mackenzie estimates).
However, in 2020 the picture is 
somewhat different; the falling 
demand for thermal coal means that, 
despite potential domestic production 
having also fallen, it could still exceed 
requirements by 203 mt. In this case, 
there would be no need for China to 
import the volumes of coal that have 
been seen in recent years – indeed it 
could return to being a net exporter to 
other countries, as it was prior to 2008. 
Even if demand does not fall to that 
extent, it is equally plausible that China 
could step up domestic production 
slightly to cover this, giving the same 
result of no net imports.
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For reference, if generation per joule 
of coal (as described above) is assumed 
to increase at a CAAGR of 1.5% as 
per the IEA ETP 4DS, rather than the 
1.7% CAAGR observed in the 2DS, the 
difference in 2020 thermal coal demand 
is an increase of c.35 mt (i.e. implying a 
surplus of 168 mt). Either way, ignoring 

other factors, the physical requirement 
for thermal coal imports is clearly 
significantly less than has been seen in 
recent years, with the clear potential for 
China’s trade balance to swing to net 
exports.

Table 7. China’s estimated thermal coal demand, domestic supply and imports in 2015 and 
2020

2015 2020

Generation TWh 3,855 3,562

Thermal coal demand mt 3,240 2,768

Thermal coal demand

2015 2020

Domestic production mt 2,533 2,394

Seaborne production mt 569 576

Total potential production mt 3,102 2,971

Thermal coal potential supply

Domestic surplus/(deficit) mt (138) 203

Imports mt 146 N/A

Exports mt 5 N/A

Net imports/(exports) mt 141 N/A

Notes:
Coal plant TWh generation:PJ coal use assumed to increase in line with IEA ETP 2016 2DS

Sources:
2015 generation - CTI analysis based on Coalswarm data
2015 demand, imports and exports - Wood Mackenzie
P otential supply - CTI analysis and Wood Mackenzie Coal GEM as at Q2 2016

http://www.carbontracker.org
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Wood Mackenzie also forecasts 
weakening power sector coal demand 
over the next few years, but expects 
coal imports to remain a piece of 
the jigsaw in China for the next few 
decades, trending gradually down to 
c.100 mt p.a. in the mid-2030s 
67. This is driven by their expectation 
that certain imports will continue to be 
competitive on cost, as well as their 
lower sulphur and ash content, but it 
is noted that protectionist policies go 
some way to shielding domestic supply 
at the expense of foreign producers 
(as has been alleged in steel and gas 
markets).

Similarly, in the 2016 World Energy 
Outlook, the IEA projects that China 
will continue to be a net importer in 
their central New Policies Scenario68, 
with imports trending downwards 
over the projection period to 2040. 
This conclusion is based on three 
key assumptions, all of which are 
acknowledged to be uncertain:

1. Chinese state interventions to 
distort the balance of domestic 
coal compared to imported coal 
will remain minimal. At present, 
imported coal is assumed to have a 
10% cost advantage over domestic 
coal, which subsequently narrows. 
This advantage could be reversed 
by tax breaks or subsidies, with 
the IEA giving several examples of 
previous Chinese intervention in 
recent history.

67 Wood Mackenzie, (2016). Key Themes Ther-
mal Coal Markets H1 2016 Long-term Outlook, Annap-
olis Coal Forum 2016. Available: https://www.woodmac.
com/reports/coal-annapolis-coal-day-2016-39569824
68 IEA, (2016), World Energy Outlook 2016, 
p227-230. Available: http://www.worldenergyoutlook.
org/

2. Chinese authorities successfully 
implement capacity cuts in the coal 
industry, while offsetting these job 
losses with gains elsewhere. The 
IEA equates a 1,000 mtpa cut in 
coal capacity to the loss of 0.9-1.3m 
jobs, which would require balancing 
with newly created jobs in other 
sectors. If the avoided social costs 
of cutting coal capacity outweigh 
the economic benefits, China could 
purposefully reduce imports or even 
export at a loss.

3. The bulk of domestic coal 
production will remain costlier than 
imports at China’s south coast. The 
IEA notes that a 20% fall in average 
Chinese costs (whether through 
productivity gains or state support) 
would swing China’s modelled 
import balance in the mid-2020s 
from net imports of 130 million 
tonnes of coal equivalent (mtce) to 
net exports of 50 mt, i.e. an impact 
on global trade of 180 mtce.

We consider these three assumptions 
to be highly uncertain. For example, 
interventions from the Chinese 
government have increased in 
significance over the past year. The 
NDRC more recently made a significant 
intervention by targeting a price range 
for thermal coal69. This intervention 
makes the Chinese government the 
central bank of the seaborne coal 
market. The stellar gains in thermal coal 
prices this year are entirely a result of 
China’s NDRC. It’s becoming harder to 
see how these gains can be sustained 
because of this policy.

69 Bloomberg, (2016). China Coal Miners to 
Coordinate Output Amid Rally, Reports Say. Available: 
http://www.bloomberg.com/news/articles/2016-09-08/
china-coal-miners-to-coordinate-output-amid-rally-re-
ports-say

https://www.woodmac.com/reports/coal-annapolis-coal-day-2016-39569824
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We would further note that perceived 
cost advantages of imported coal may 
be undermined by changing transport 
requirements. As mentioned above, 
alongside the implementation of 
pollution controls and the diversification 
of the power mix, part of China’s 
strategy aims at reducing exposure 
to pollutants by clustering coal-fired 
power plants in northern and western 
China. The movement of coal-fired 
generation to northern and western 
provinces and away from the coast 
would give a relative advantage to 
closer domestic mines. Similarly, new 
mines in exporting countries may be 
further inland and hence incur greater 
costs in getting to port. Nor are imports 
necessarily superior from an air quality 
point of view. For example, coal from 
mines in China’s Shendong province is 
competitive with nominally higher-grade 
Australian mines in terms of pollution 
generated per unit of energy70. If China 
becomes a net exporter, it may continue 
to import certain amounts of coal, 
depending on quality requirements. 
However, if it is exporting its coal 
elsewhere into the Pacific market, this 
will still displace demand for other 
producers of seaborne coal, such as 
Australia and Indonesia.

70 Bloomberg, (2016). China’s coal cap will 
bite. Available: www.bloomberg.com/gadfly/arti-
cles/2016-09-23/china-s-coal-cap-could-kill-the-boom
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Future challenges

The Chinese government will face several challenges in reducing 
its dependency on coal-fired power. The political and governance 
challenges are well outside the scope of this report71. Beyond political 
and governance issues, the other main challenges are discussed in 
this section. 
71 For an excellent overview of the political and governance challenges China will face over the next decade, 
please refer to Kroeber, (2016). China’s Economy: What Everyone Needs to Know? 

Image Source: Wikicommons
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New renewables versus existing coal

When considering investment dynamics, 
it is important to distinguish between 
new and existing investments in 
power. New investments often involve 
using levelised cost of energy (LCOE) 
assessments to compare the cost of 
new plants over their lifetime. Our 
recent report, The end of the load 
for coal and gas, concluded that new 
renewables investments are increasing 
their competitiveness against new 
investments in coal and gas power. This 
fact is supported by recent tenders in 
China. According to an IEA study, an 
ultra-supercritical coal plant in 2020 will 
have a LCOE of US$81.57 MWh, while a 
recent tender in a government-backed 
auction for 1 GW of solar PV capacity 
in Inner Mongolia had a bid as low as 
US$78 per MWh72. This cost advantage 
will continue as unabated coal-fired units 
are forced to be retrofitted with CCS. 
For example, a recent IEA study looked 
at retrofitting China’s existing coal-fired 
plants with CCS and found 300 GW, or 
a third of China’s existing units, could 
be retrofitted at an additional LCOE 
(i.e. additional to the levelised cost 
of the actual plant) of US$34-129 per 
MWh73. The high range estimates of this 
additional cost to retrofit with CCS are 
well above the aforementioned solar PV 
bid. Going forward, China will need to 
increase grid investments and system 
planning efforts to maximise the value 
from increased levels of solar and wind.

72 IEA, (2015), Projected Costs of Gen-
erating Electricity. Available: https://www.iea.org/
bookshop/711-Projected_Costs_of_Generating_Elec-
tricity and Reuters, (2016), Chinese solar power project 
developers offer record low tariff price. Available: http://
uk.reuters.com/article/china-power-solar-idUKL3N1BZ-
3CY
73 IEA, (2016). Ready for CCS Retrofit. Avail-
able: https://www.iea.org/publications/insights/insight-
publications/ready-for-ccs-retrofit-.html

However, making new low carbon 
capacity compete with existing coal-
fired capacity is an entirely different 
proposition. In the absence of a direct 
regulatory intervention, in a market 
where demand is slowing, new plants 
will need to compete with the cash cost 
of existing plants. Getting the LCOE 
of new low carbon capacity below the 
cash costs of coal-fired plants in China 
is particularly challenging. For example, 
the cheapest operating plants in China 
are subcritical units based in Inner 
Mongolia, which potentially have cash 
costs under US$20 per MWh. In the 
absence of out-of-market incentives, the 
LCOE of renewable energy will need 
to get as low as the cash cost of the 
existing fleet to entirely overwhelm the 
economics of coal-fired generation.

Retrofitting versus retiring to meet AP 
standards

Due to the AP, there is an increasing 
need for existing plants to be retrofitted 
with control technologies to meet SO2, 
NOx and PM standards. The initial 
focus was on plants located in the 
heavily populated coastal provinces 
which, according to the IEA, are 
now fully retrofitted74. The current 
focus is on achieving compliance 
in the less populated western and 
northern provinces. The challenge for 
policymakers is to ascertain whether it 
is more cost-effective for those older 
inefficient plants to be retired rather 
than retrofitted. Sinking more capital 
into older units will make it harder both 
financially and politically to retire them.

74 IEA, (2016), World Energy Outlook Special 
Report 2016: Energy and Air Pollution. Available: https://
www.iea.org/publications/freepublications/publication/
weo-2016-special-report-energy-and-air-pollution.html
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CCS planning and implementation

A thorough overview of CCS potential 
for coal power in China is outside the 
scope of this report. As with nuclear, 
the future of CCS for power appears 
to be firmly in the hands of Chinese 
government policy. All major integrated 
assessment models with a 2˚C scenario 
include a significant CCS component 
for China’s power generation75. A CCS 
strategy for coal power would help 
ease the political economy challenges 
China faces as it makes the transition 
to a low carbon economy, as well as 
being a future technology to export 
to foreign markets. For CCS to be 
successful it needs to become a ‘plug 
and play’ solution, whereby government 
is solely responsible for the storage 
and transportation infrastructure (paid 
mostly, if not all, by industry through 
taxation). The government then 
incentivises industry to move to CCS-
equipped zones through carbon pricing. 
Although governments and the coal 
industries in Europe and North America 
are currently unwilling to make this 
commitment, China’s unique governance 
is well suited to the adoption of CCS for 
power. 

However, since the implementation of 
CCS at scale poses significant technical, 
economic and planning challenges, any 
successful CCS strategy consistent with 
a 2˚C pathway will require an immediate 
commitment from the Chinese 
government76. 

75 See the IEA’s WEO and ETP, for example.
76 China currently has no operating CCS-
equipped power plants and seven project at various 
stages of development. See: Global CCS Institute, 
(2016). Large Scale CCS Projects Database. Accessed 
November, 2016. Available: http://www.globalccsinsti-
tute.com/projects/large-scale-ccs-projects#map

In addition, as with retrofitting versus 
retiring to meet AP standards, Chinese 
policymakers will need to weigh-up the 
benefits of pursuing a CCS strategy with 
a strategy centred around renewable 
energy, battery storage and smart grids. 
While CCS for coal power would help 
ease the significant political economy 
challenges, Europe and North America 
appear institutionally incapable of 
pursuing CCS for coal power. Therefore, 
the export market for CCS coal power 
will likely be limited when compared to 
renewable energy, battery storage and 
smart grids.

Conclusion

After decades of high economic growth 
from capital intensive infrastructure 
investments, China’s economy is 
undergoing rapid structural change. 
This change has exposed inefficient 
investments in coal power. Whether 
looking at it through an economic, air 
quality or climate lens, it makes sense 
for China to act on its coal overcapacity 
crisis. Despite considerable challenges, 
there are many reasons to suggest the 
country will be successful. The basic 
maths of continued growth in China’s 
coal capacity does not add up, and 
the 13 FYP marks the point where 
this cannot be ignored any longer. 
The changing generation mix, the 
slowdown in power generation growth 
and existing coal plant overcapacity 
combine to present a different challenge 
for China. With coal generation set to 
peak, there is no need for further coal 
capacity, whilst on the supply side, there 
is the potential for China to become a 
net exporter of coal again. However, 
stringent interventions will be necessary 
soon to avoid asset stranding and to 
keep China on a 2˚C pathway.

http://www.globalccsinstitute.com/projects/large-scale-ccs-projects#map
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