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Preface

Dear readers,

Last year, China overtook Germany as the world's
leader for installed solar capacity. In 2016 alone,

34 GW solar PV were installed in China, while
Germany merely added a single GW. This is not
China's only distinction. China has also started an
energy transition with its own dynamics and charac-
teristics. However, this transition resembles what we
have already observed in Germany and Europe.

While it is true that China is still the largest energy
consumer and emitter of greenhouse gases, its rapid
surge of coal-fired power plants has slowed, and the
increase in emissions has come to a halt. Further-
more, the government has begun a rapid expansion

of renewable energy. In the diplomatic arena, the
Chinese government has reiterated its commitment to

Key findings

the Paris climate agreement, despite the USA's recent
volte-face.

In this annual review, we provide a more compre-
hensive picture of the latest development of China's
power system. The review focuses on recent data
regarding the supply and demand of power from
renewable and conventional sources.

Your feedback is more than welcome. We hope you
enjoy reading this review.

Wang Zhongying

China National Renewable Energy Centre
Patrick Graichen

Director Agora Energiewende

Total electricity generation increased by five per cent in 2016, or by about 300 TWh. At 65 per cent,
1 coal provides the largest share of total generated electricity. Renewables account for 25 per cent.
Consumption increased by 283 TWh, comparable to the entire consumption of Spain.

However, there is a clear trend towards renewable energy. Since 2010, the share of renewables in
2 the power mix has increased by 8 percentage points, while coal has decreased by 11 percentage

points.

Curtailment of renewable energy is high, averaging 17 per cent. Some provinces, like Gansu and
3 Xinjiang, plan to slow down wind capacity expansion in the coming years. Furthermore, the
government is encouraging expansion of the transmission grid.

Use of conventional power plants is decreasing. Full load hours for coal plants decreased from more
than 5,000 hours in 2013 to 4,165 hours in 2016, and energy-related emissions have stagnated at

4 2013 levels. However, the government is reviewing its plans for new coal plants, and another 200
GW of coal-fired power plants are under construction and are expected to go online

by 2020.
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Data and Methodology

Compiling an annual review within the first half of

a following year always comes with certain obsta-
cles - this is true for Germany, Europe and even
more so globally. Reliable and recent data sources are
sometimes hard to find, and even if reliable sources
exist, some compromises regarding completeness of
data have to be made. For this review, we have asked
Energy Brainpool to compile the most appropriate
data to provide a comprehensive and consistent pic-
ture of the Chinese power system in 2016.

If not indicated otherwise, data are sourced from the
annual electricity statistics provided by the China
Electricity Council. Many of the data sources used in
this report are Chinese language policy documents or
statistics. They have been sourced from China Energy
Portal, a website that collects Chinese policy docu-
ments, news, and statistics, and offers [partial] trans-
lations of these.! Over the years the annual electric-
ity statistics (2009-2016) changed slightly in their
composition and degree of detail. English translations
of the annual electricity statistics can be found on
the China Energy Portal.? Furthermore, no detailed or
consistent information on capacities and generation
by oil, geothermal, waste, biomass, offshore wind and
concentrated solar power are available. Generation
denoted as “other” is not defined in the data source.
In this report, it denotes energy generation from oil,
geothermal, waste and biomass.

Whenever an exchange rate is used for conversion
from Chinese Yuan to Euro we refer to the exchange
rate of April 3,2017 of 1 CNY = 0.136108 EUR.

1 chinaenergyportal.org/en/

2 chinaenergyportal.org/en/2010-detailed-electricity-
statistics/



http://www.cec.org.cn/guihuayutongji/tongjxinxi/niandushuju/2013-04-19/100587.html
http://chinaenergyportal.org/en/
http://chinaenergyportal.org/en/2010-detailed-electricity-statistics/
http://chinaenergyportal.org/en/2010-detailed-electricity-statistics/
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1. Power generation

In 2016, Chinese power generation increased by more
than 5 per cent, or 296 terawatt hours, compared to
2015, reaching a total of 5,990 terawatt hours (Euro-
pean Union: 3,211 terawatt hours). In 2016, the bulk of
Chinese electricity was produced by thermal power
plants, mainly coal, which accounted for 65 per cent
(or 3,906 terawatt hours) of the country's total power
generation.

This is an increase of more than 40 per cent, or 1,761
terawatt hours, compared to 2010. Of this total, fossil
fuel power plants generated an additional 870 ter-
awatt hours (mainly coal, with 680 terawatt hours).
Wind contributed 190 terawatt hours of the addi-
tional electricity, solar PV 66 terawatt hours, nuclear
140 terawatt hours, and hydro power almost another
500 terawatt hours. In relative shares, renewable

energy (excluding biomass)® grew by 8 percentage
points, from 17 to 25 per cent, while coal-fired gener-
ation declined 11 percentage points.

In 2016, the share of renewable energy in power gen-
eration amounted to 24.8 per cent, or 1,488 terawatt

3 Ingeneral, renewable energy includes: hydro (run-of
river and pumped storage), wind (onshore and offshore),
PV and biomass. However, detailed data are not available
for onshore and offshore wind. Also, no data are available
on concentrated solar power. Therefore, data on hydro
in this report contains both run-of-river and pumped
hydro, data on wind includes onshore, and probably off-
shore, and data on solar only includes PV. Data on power
from biomass are not consistent. Therefore, no separate
biomass statistics are considered in this report. Along
with oil, geothermal, and waste, biomass is considered
as "other” generation in this report. Biomass is also not
considered in the capacity data in this report. Biomass
capacity stood at about 15 GW at the end of 2016.

Power generation mix in China 2010 and 2016: while the share of coal is declining,

the share of renewables is increasing.

Generation in 2010: 4,230 TWh

Gas
2%

Other
3%

Nuclear
2%

B

Wind power
1%

“Other” includes biomass, waste incineration, geothermal and oil, due to limited data availability.

+40%

Figure 1

Generation in 2016: 5,990 TWh
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China Electricity Council
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Annual power generation by energy source in 2010-2016: the share of power generation

from renewables is growing faster than total power generation.
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China Electricity Council

hours. To put this into perspective: In Europe, renew-
able energy accounted for 29.6 per cent of total power
generation, and only 23.8 per cent if biomass is

excluded.*

Year-over-year, all generating technologies produced
more electricity than in the previous year. However,
there are stark differences between the individual
technologies. In 2015-2016, the lowest increase on

a year-over-year basis came from coal-fired gen-
eration, which only grew 1.3 per cent, while wind
grew by 30 per cent, solar PV by 72 per cent, nuclear
by 24 per cent, and gas by 13 per cent. Hence, new
generation from wind and solar outstripped new
generation from coal- and gas-fired thermal power
plants, the latter of which grew by 84 and 73 terawatt
hours, respectively. Including hydro, new generation
from renewable sources was higher than the addi-

4 AgoraEnergiewende and Sandbag, 2017.

Figure 2
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tional generation from all conventional power plants,
including nuclear. Electricity production by nuclear
power plants grew by 42 terawatt hours compared to
2015.
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Year-on-year increase (2015 to 2016) of generation from all technologies in terawatt hours: new
generation from renewable energy outstripped new generation from conventional generation. Figure 3
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Year-on-year increase (2015 to 2016) of generation from all technologies in per cent: while new
generation growth from coal was low, new generation growth from wind and solar,

as well as nuclear, were considerably high. Figure 4
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2. Power consumption

Since 2010, China's net power consumption grew by
1,720 terawatt hours, roughly half of Europe's total
electricity consumption in 2015.5 Consumption grew
in all sectors®, but the manufacturing industry (sec-
ondary sector) is clearly dominating, with demand
increasing by 1,060 terawatt hours since 2010. The
biggest percentage increase between 2010 and 2016
however took place in the services industry (tertiary
sector) with 78 per cent, which indicates the sectoral
shift the Chinese economy is undergoing. House-
holds increased consumption by 58 per cent. Over the
years, the absolute growth of electricity consumption
gradually levels off. While total consumption grew
by 12 per cent from 2010 to 2011, the year-on-year

5 ENTSOE, 2016.

6 Primaryindustry: Agriculture; Secondary industry:
Mining, manufacturing, construction; Tertiary industry:
Service, knowledge, retail

increase from 2015 to 2016 only stood at 5 per cent
and even stagnated the previous year.

While China's economic growth and energy con-
sumption are closely linked, China's economy is
becoming less dependent on energy consumption to
fuel GDP growth. The adoption of energy efficiency
technologies, particularly within energy intensive
industries, and the growth of China's service sector,
are lessening the energy intensity of GDP, as Figure 6
shows.”

In its 13® Five-Year Plan (2016-2020)8, the Chi-
nese government aims to achieve GDP growth of at
least 6.5 per cent to 92.7 trillion Yuan in 2020. Along

7 1EA, 2016; Financial Times, 2016; KPMG, 2016.

8 Central Committee of the Communist Party of China,
2016.

Chinese sectoral power consumption, 2010-2016. From 2010 to 2016 the share of the

tertiary and the residential power consumption grew faster than total power consumption.
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GDP, primary energy consumption, electricity consumption and energy intensity of GDP

(at constant purchase power parity) 2010 to 2016 with goals for 2020 (indexed, 2010 = 100). Figure 6
250
’&
230 ’,,'
+30% ',/
210 Pl
'f
187 _-”

S 190 =
5 180 -
Il
S 170 162-171
8 +15-21% ____——’
T 0 W _oe==mT
§ +17% 139
= 130

110

100
90 o
88 83
70

2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020

=== Electricity Consumption Primary Energy Consumption === GDP === Energy Intensity

Dotted lines are linear projections based on 2020 targets. Percentage increase for GDP and Electricity Consumption from 2016 to 2020,

for Primary Energy Consumption from 2015 to 2020. Data on energy intensity of GDP (at constant purchase power parity) only available
up to 2015 from Enerdata 2017.

China Electricity Council, National Development and Reform Commission (13" FYP), Enerdata and own calculations.

with the target, that 80 per cent of the energy supply
is supposed to be covered domestically, and energy
consumption will increase accordingly. China also
seeks to limit the growth of total primary energy con-
sumption to 3 per cent, or, at most, 5 billion Standard
Coal Equivalents (40,700 terawatt hours). Electricity
consumption is expected to increase by 3.6 to 4.8 per
cent to 6,800 to 7,200 terawatt hours until 2020.°

9 National Development and Reform Commission, 2016a.

10
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3. Development of renewable energy

In 2016, renewable energy generated 24.8 per cent of
China’s total electricity, and covered about 25.1 per
cent of the country's power consumption. The share
of renewables in power consumption was 1.1 per-
centage points higher compared to 2015, and 7.6 per-
centage points higher compared to 2010.

The targets of the 12® FYP, covering the period 2010-
2015, with 290 GW for hydropower, 100 GW for
wind and 21 GW for PV, were exceeded by 30 GW for
hydropower, 30 GW for wind and more than 20 GW
for PV.X° From 2010 to 2016, about 115 GW of hydro
power, almost 120 GW of wind power, and more than
77 GW of solar power were connected to the Chinese
power grid.

10 National Development and Reform Commission, 2016b.

In terms of electricity generated, hydro power con-
tributed the most to renewable generation, with
1,180 terawatt hours in 2016 (80 per cent of the total
renewable electricity). Wind turbines generated

241 terawatt hours (16 per cent of the total renewable
generation), and solar energy 66 terawatt hours (4 per
cent of the total renewable generation).? Electricity
output from hydropower fluctuates due to its strong
dependence on precipitation patterns, as only 1-2 per

11 2020 targetsinclude 5 GW of concentrated solar power
and 5 GW of offshore wind power.

12 Biomassisnotincluded in renewable generation here due
to data integrity and consistency. If it were included, its
share in renewable generation in 2016 would have been
in par with PV, standing at roughly 4 per cent.

Renewable generating capacity from 2010 to 2016 and targets for 2020™: very moderate

capacity additions for hydropower are expected when compared to wind and solar. Figure 7
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Power generation from renewable energies (hydro, wind, and solar) from 2010 to 2016 and targets
for 2020: accordingly, the share of wind and solar in total renewable power generation is

projected to grow from 20 per cent in 2016 to 30 per cent in 2020. Figure 8
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China Electricity Council, National Development and Reform Commission (13" FYP).

cent of China's hydro power generation comes from
pumped-hydro stations®.

The 13% FYP for Renewable Energy* includes gener-
ation targets for solar power (at least doubling today's
generation), wind (almost doubling today's genera-
tion) and hydro (only a slight increase).

Wind and solar power in China are being supported
by a feed-in tariff (FiT), which is differentiated
according to so-called geographical resource types or

13 Hydro dataincludes all types of hydro power: dam hydro,
run-of-river and pumped hydro. The generation share
of pumped-hydro during 2010-2016 was in the range of
2 per cent of the entire hydro generation. The capacity
share of pumped-hydro stands at 7 per cent of the total
hydropower generating capacity (deviation between
capacity and generation due to different production pat-
terns of run-of-river and pumped-hydro).

14 National Development and Reform Commission, 2016b.

categories.”® Depending on solar irradiation or wind
speed, the feed-in tariff is adjusted to create similar
economic conditions across the country. The feed-in
tariff is guaranteed for a period of 20 years for PV. For
wind onshore, projects have to be approved by a ten-
dering process before getting a FIT granted.

With 34 GW newly installed PV capacity, China set a
new world record in 2016. Triggered by a reduction

of the FIT in the second half of the year, 22 GW were
installed in the first six months.'® These astonishing
installation rates were possible due to a strong growth

15 The area of Tibetis notincluded in these resource areas,
but specific rules apply for Tibetan projects.

16 China Electricity Council, 2016a; Projects that have been
approved until the end of 2015 and built before the 30th
of June 2016 could still apply for the 2015 feed-in tariffs.
Projects where construction was finished after June 30,
2016 fell under the new feed-in tariff regime.

12
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in PV module fabrication that drove down prices for
PV panels. In the second half of 2016, new module
fabrication capacity of 12 GW was constructed.””

For 2017, new PV feed-in tariffs ranging from 0.65-
0.85 Yuan/kWh (0.09-0.12 Euro/kWh) are in place.
Figure 9 depicts the development of the feed-in tariff
for PV from before 2016 until 2017 for the three dif-
ferent resource categories.'®

Similarly, feed-in tariffs for wind power have also

been lowered over the years, as displayed in Figure 10.

The location of renewable generation capacity has
increasingly become an issue in China. Most of the
wind and solar capacities are located in the north-
western provinces. The electricity then has to be
transported to China's load centres. However, due to

17 China Electricity Council, 2016b; China Electricity
Council, 2016c.

18 National Development and Reform Commission, 2016c.

Since 2015, feed-in tariff reductions for utility-scale PV in

08
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04

0.2

Development of feed-in tariff for PV in China [Yuan/kWh]

Resource category |

B 2014

National Development and Reform Commission, and own calculations

grid bottlenecks and the guaranteed full load hours for
coal-fired power plants that are part of China's cen-
tral dispatch model, curtailment of renewable gener-
ation has become significant. In 2016, 17 per cent, or
49.7 terawatt hours, of China's wind power genera-
tion was curtailed, as figure 11 displays.*®

Figure 12 shows the state of curtailment of wind
power as a percentage of its generation across the
country's provinces. Curtailment is mainly a problem
in China's northwestern provinces, especially Gansu
and Xinjiang. China's central government has worked
to alleviate curtailment by encouraging the construc-
tion of ultra-high voltage direct current power lines
from the West to the East, and halted wind power

1.0 -28% 0.95

Resource category Il

B After 30 June 2016

19 Wind Power Monthly, 2013; China Wind Power
Center, 2014; National Energy Administration, 2014;
National Energy Administration, 2015; National Energy
Administration, 2016a; National Energy Administration,
2017a.

China have been considerable. Figure 9
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Feed-in tariff reductions for onshore wind power in China have been lower

than those for PV since 2009. Figure 10
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The wind power curtailment situation in China showed improvement until 2014,

but worsened again during the past two years. Figure 1
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expansion in six provinces, Xinjiang, Ningxia, Gansu,
Heilongjiang, Jilin and Inner Mongolia.?

Fullload hours for hydro power fluctuated between
3,000 and 3,700 hours per year. Wind turbines had
an average of 1,740 hours, and PV power plants just

20 For projects that have been approved since the start of
2016, or approved before 2016, but where construction
has not commenced by the end of 2017, the 2016a feed-in
tariff applies. For projects that will be approved after the
beginning of 2018, the 2016b feed-in tariff is valid. For
projects that will be approved from beginning of 2018 or
before 2018, but where construction has not commenced
by the end of 2019, the 2017 feed-in tariff applies.

21 Central Committee of the Communist Party of China,
2010 (12th Five-Year-Plan), State Grid Corporation of
China, 2017; National Energy Administration, 2017b.

Curtailment rates for wind power in different Chinese provinces in 2016.

[ |
B <10
(x%) Wind power curtailment 2015

own illustration

above 1,100 hours in 2016. Figure 13 shows a clear
downward trend for full load hours of wind and solar
PV, atrend that is explained by curtailment rates and
increasing capacity deployment in less resource-
rich locations.? Solar irradiation values across

China reach about 1,500 kWh per m?* (Germany:
-1,050 kWh/m?). However, China possesses a large
number of sites with very good resources. For exam-
ple, Beijing is located further south than Madrid and
considerable PV capacities are installed in areas as far
south as Northern Africa and the Mediterranean Sea.
Thus, full load hours of PV are significantly higher
than Germany's 980 hours per year.?®

22 National Energy Administration, 2016b.
23 Solargis, 2017.

Figure 12

15
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Full load hours of hydro, wind and solar power from 2010 to 2016.

Full Load Hours of RE plants [>6 MW, average]
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4. Development of conventional energy

Despite the tremendous growth in Chinese renewable
energy, the country’s power system is based on con-
ventional thermal generation. In 2016, China's con-
ventional power generating capacity stood at about
1,050 GW, which represents an increase of more
than 40 per cent (equivalent to 300 GW) over the last
seven years. With 943 GW of installed capacity in
2016, coal-fired power plants clearly dominate the
picture. Figure 14 shows the capacity build-up from
2010 to 2016, including the targets of last year's 13
Five-Year Plan for energy for 2020.24

While coal capacity has witnessed steady growth in
recent years, the generation of electricity from coal-
fired power plants has been stagnate since 2013 (at
between 3,900 and 4,000 terawatt hours).

24 National Development and Reform Commission, 2016a.

Capacity build-up, 2010-2016, with 2020 goals for conventional generation.
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Coal capacity-build up is limited to 1,100 GW.

Accordingly, and due to increased capacity, the full
load hours of thermal power plants decreased by
almost 1,000 hours.?® With about 4,160 full load hours
in 2016, Chinese plants experienced their lowest level
of full-load operation in the past three decades (see
figure 16).

Although China’s electricity system is oversupplied,
load centres on the East coast experience situa-
tions with tight supply during peak load times. This
is mainly due to the re-location of coal plants away
from consumption centres to reduce air pollution. In
order to tackle power imbalances between the gener-
ation bases in less populated areas and the load cen-
tres, China is expanding its transmission system.?

25 Liu,J.Zhang, ], TianF., Mi, Z., 2017; IHS Markit, 2016;
China Electricity Council, 2016d.

26 China Electricity Council, 2015,

Figure 14
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Power generation in thermal power plants in China, 2010-2016: thermal power generation

has remained on a similar level since 2013.
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Full load hours of thermal power plants are at a decade low, due to overcapacities
in the thermal sector and increased generation from renewables.
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Year-on-year percentage changes of CO»-emissions of China’s fossil fuels, 2010-2016:

emissions remained on a similar level since 2014 and have even decreased in 2015.
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The central government has started a number of ini-
tiatives regarding coal-fired power plants. The 13%
Five-Year Plan for Energy calls for a two-year mora-
torium on the approval of new coal-fired power sta-
tions in provinces with a power surplus, which will
be reviewed after three years. Furthermore, 20 GW of
less efficient capacity will be shut down until 2020,
while old coal-fired power plants are required to
undergo strict efficiency upgrades, and the construc-
tion of new ones will be limited to a total capacity
addition of 200 GW up to 2020.%

27 National Development and Reform Commission, 2016a.

Figure 17
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The stagnating electricity generation from coal-fired
power plants, and the government's initiatives, has
had a strong impact on the country's CO, emissions
while also stirring hopes that China's carbon emis-
sions could peak earlier than envisioned by the Chi-
nese government. A Greenpeace analysis shows that
Chinese energy-related carbon emissions have not
risen since 2014.28

28 Greenpeace: Energydesk, 2017.
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5. Outlook

The 13" FYP calls for a further shift toward inno-
vation and aims at balancing economic growth

with environmental protection. The Chinese gov-
ernment has established targets for the country's
energy and power sector.?’ By 2020 China aims to
have an installed power generating capacity of about
2,000 GW, an increase of more than 300 GW from
2016 levels.

Coal-fired power plants should at most make up

200 GW of newly installed capacity. At the same time,
investment into renewables will amount to approx-
imately 340 billion euros up to 2020. By that time,

29 National Development and Reform Commission, 2016a.

total wind and solar power capacities are forecasted
toreach at least 210 and 110 GW, respectively.*

The reform of China's power market that was initi-
ated in March 2015 has already impacted the coun-
try's power sector. The reform's influence will only
grow in years to come, especially due to the introduc-
tion of power trading, as a surge in long-term power
trading platforms was seen last year, and a pilot spot
market is planned for 2018 3!

30 National Development and Reform Commission, 2016b.

31 China Electricity Council, 2016e.

Installed generating capacity of China’s power sector in 2016 and 2020 in GW:

a capacity increase of more than 20 per cent, or more than 300 GW, is planned.

Capacity in 2016:
1,604 GW

Solar: 774

Gas: 701

Nuclear: 33.6

Figure 18
Capacity in 2020:
1,928 GW
Solar: 110
Gas: 110
Nuclear: 58

China Electricity Council, National Development and Reform Commission (13" FYP)
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About Agora Energiewende

Agora Energiewende develops evidence-
based and politically viable strategies for
ensuring the success of the clean energy
transition in Germany, Europe and the rest
of the world. As a think tank and policy
laboratory we aim to share knowledge
with stakeholders in the worlds of politics,
business and academia while enabling

a productive exchange of ideas. Our
scientifically rigorous research highlights
practical policy solutions while eschewing
an ideological agenda. As a non-profit
foundation primarily financed through
philanthropic donations, we are not
beholden to narrow corporate or political
interests, but rather to our commitment to
confronting climate change.
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About China National
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The China National Renewable Energy
Centre is the national institution for
assisting China’s energy authorities in
renewable energy policy research, and
industrial management and coordination.
As a think tank and knowledge centre, it
develops research tools and methodology,
provides well researched input for national
policies, supports the Chinese RE industry
through capacity building and provides

a platform for collaboration among
industry, education and research. Being

a non-profit institute, the China National
Renewable Energy Centre aims to push the
development of the Chinese RE industry
sustainably.
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