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I. Energy Transition in China

# China Energy Research Society. China Energy Outlook 2030. Beijing 2016 

@ Estimated calculation by author with nuclear capacity: 1.5 ¦100GW

Year  Total primary energy 

consumption

(100 MTEC) $

Share of n on-fossil 

energy 

(%)

Total electricity 

consumption

(trillion kWh)

Share of non-fossil 

/ Renewable

Electricity (%)

2015 43 12 5.6 26.9 /24

2020# 48.3 15 6.76 35 /29.4

2030# 53.2 22 (20) 8.49 44.2 /32.4 

2050@ 60 40 11.2 73.9 /64.5

2050@ 50 50 11.2 76.9 /64.5

2050@ 40 70 11.2 86.2 /73.7

The goal of China's energy transition  is to build a low -carbon , clean , 

secure, efficient and sustainable modern energy system by the year 

2030-2050.
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$  1MTEC=0.7 MTEO



Data sources ̔ Statistical bulletin of China's national economic and social development (2009 -2015)

China National electric power industry operation profile ( 2012-2014) 4

GDP vs Energy and Electricity Consumption

2009-2015 in China

Year GDP/year
(Trillion 

RMB)

Annual

rate -of-

rise
(%)

Total energy 

consumption 
(100 million

TEC)

Annual 

rate -of-

rise 
(%)

Total annual  

electricity 

consumption 
(trillion kWh) 

Annual 

rate -of-

rise 
(%)

2009 33.53 8.7 31.0 6.3 3.6973 6.2

2010 39.79 10.3 32.5 5.9 4.1999 13.1

2011 47.15 9.2 34.8 7.0 4.6928 11.7

2012 51.93 7.8 36.2 3.9 4.9591 5.5

2013 56.88 7.7 37.5 3.7 5.32 7.5

2014 63.64 7.4 42.6 2.2 5.5233 3.8

2015 67.67 6.9 43    0.9 5.55 0.5



Annual GDP vs Total energy and 

electricity consumption ( 2009-2015)

5

0

10

20

30

40

50

60

70

80

2009 10 11 12 13 14 15

Total electricity consumption 

(0.1 trillion kWh)

Annual GDP 

(trillion RMB)

Total energy 

consumption 

(100 MTEC)

Rate of rise of

Total electricity 

consumption %
Growth rate 

of GDP %

Rate of rise of 

Total energy 

consumption %  



Installed capacity and electricity generation in 2015

Installed Capacity Electricity Generation

Capacity

(100GW)

Proportion of 

national total (%)
Rate-of-rise (%)

Electricity 

generation

(trillion k Wh) 

Proportion of 

national total (%)
Rate-of-rise (%)

Thermal power 9.9021# 65.57 % 7.8 % 4.0972 73.16 % -2.7 %

Hydropower 3.1937 21.15 % 4.9 % 1.1143 19.89% 5.0 %

Nuclear power 0.2608 1.727 % 29.9 % 0.1690* 3.01% 28.9 %

Grid -connected 

wind power
1.2934 8.565 % 33.5 % 0.1863 3.3% 15.8 %

Grid -connected 

solar power
0.4318 2.859 % 73.7 % 0.0392 0.7%

Total 15.0828 100% 10.5% 5.60 100% 0.3%
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Installed capacity and electricity generation in 2015

China's installed capacity

in 2015: 1,508 GW

China's electricity generation 

in 2015: 5.6 trillion kWh

990 GW
66%

320
21%

26 GW
2%

129 GW
8%

42 GW
3%

Non-fossil fuel:  I nstalled capacity

518 GW 

34.3 %

Wind & solar 173 GW, 11.4 %

Non -fossil fuel:  Electricity 

1.507 trillion kWh

26.9 %; 

Wind & solar 0.2225 T. kWh, 4 % 

Non -fossil fuel capacity : 1/3, Non -fossil fuel Electricity : over 1/4

Hydro

Nuclear

Wind

Solar

Thermal

Hydro

Nuclear

Wind

Solar

Thermal

0.169 TkWh
3%

0.0392 
TkWh

1%

0.1863 TkWh
3%

4.0972
TkWh
73%

1.1143
TkWh
20%



Estimation of China's Installed Generation Capacity and

Electricity G eneration in 2030

Data are estimated based on the objective of 20% of national primary energy consumption comes from non -fossil energy 8

1415 GW
50%

450 GW
16%

120 GW

4%

833 GW
30%

5.66 TkWh
58%1.8 TkWh

18%

0.84 TkWh

9%

1.5 TkWh
15%

China's installed capacity

in 2030: 2,818 GW

China's annual electricity generation in 

2030 : 9.8 trillion kWh

¸ Non-fossil fuel generation: 

4.14 trillion kWh , 42.2%; 

¸ Renewable generation:

3.3 trillion kWh , 33.7%

¸ Wind & Solar generation: 

1.5 trillion kWh , 15.3% 

¸ Non-fossil fuel installed capacity :

1,403GW, 49.8%

¸ Renewable installed capacity: 

1,283GW, 45.5%

¸ Wind & Solar installed capacity:

833 GW, 29.56% 

Thermal  power

Hydro power

Nuclear Power 

Wind & Solar

Thermal  power

Hydro power

Nuclear Power 

Wind & Solar
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Estimation of China's Installed Generation Capacity and

Electricity G eneration in 2050

1098 GW
28%

500 GW
13%

150 GW
4%

2164 GW
55%

2.74 TkWh
25%

2 TkWh
18%

1.05 TkWh
9%

5.41 TkWh
48%

China's installed capacity

in 2050: total: 3,912 GW
China's annual electricity generation 

in 2050 : 11.2 trillion kWh

¸ Non-fossil fuel installed capacity :

2,814 GW, 71.9%

¸ Renewable installed capacity: 

2,664 GW, 68%

¸ Wind & Solar capacity:

2,164 GW, 55.3% 

¸ Non-fossil fuel generation: 

8.46 trillion kWh , 75.5%; 

¸ Renewable generation:

7.41 trillion kWh , 66%

¸ Wind & Solar generation:

5.41 trillion kWh , 48.3% 

Data are estimated with the follow assumed conditions; in 2050 the country's population 1.4 billion, average annual electricity consumption 8000kWh/per 

capita εclean  electricity(renewable ,nuclear  and nature gas generation βaccounts for 80% of the total, rated load operation 2500 hours  for coal fired plant. 

Thermal  power

Hydro power

Nuclear Power 

Wind & Solar

Thermal  power

Hydro power

Nuclear Power 

Wind & Solar



2015-2020-2030-2050

Generation Capacity
(100 GW)

2015-2020-2030-2050

Electricity Generation
(trillion kWh )
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Reduction of environmental pollution and carbon emissions 

urgently requires energy transition in China

The energy transition needs electric power transformation : 

from mainly a fossil energy power generation system towards 

a low carbon renewable energy power generation system

To achieve the goals of the energy transition in the  year 

2030-2050, wind and solar power need to be highly exploited 

and integrated into power systems .

We have realized that:
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By the end of 2015, the installed 

capacity of wind power has reached 

129GW, the grid -connected 

capacity of solar power has reached 

43.18GW.

From PPT of Prof. Gao Hu, China National Renewable Energy 

Centre (CNREC)

¦ 10 MW

II. Power System Evolution 
- Power system with high penetration of renewable sources

¦ 10 MW

Wind power installed capacity and 

share of the total (%) in major provinces

Development  mode:
¸Centralized large -scale 

development  mostly in North and 

North -West China (wind 80%, solar 50%)

¸Distributed development in East -

China
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Centralized large -scale wind and solar development

in Gansu province (West China )
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514.74MW

197.98MW

367.32MW
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373.63MW

123.24M
W

78.2M
W

177.90MW
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M
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55.89M
W

728.77MW

714.79MW

130.28MW

128.17MW

114.51MW

118.79MW

115.04MW

107.19MW

40.46MW

39.38MW

183.86M
W

184.19M
W

36.84

36.17 38.26
40.16

57.7

57.7

191.33MW

181.57MW

241.68MW

250.45MW

113.94M
W

119.23M
W

25.32MW

21.3MW

657.7MW

656.24MW

923.37MW

923.67MW

781.17kV

789.32kV

799.68kV

808.54kV

378.25kV

800.1kV

786.9kV

780.26kV

378.17kV

380.56kV

357.61kV

380.0kV

Gan su Province: Wind 

12.329GW (2015)

Jiuquan area: 50 wind farms, 

39 PV power stations , more 

than 5,000 wind turbines, 2 ,500 

PV inverters

Jiuquan area

PV in Gansu Province : 5,825.8MW (2015)

Generation capacity ratio:

(wind+PV ) / total=39.38%
13



Challenge s

High proportion structure of coal fired 

generation power in the three Northern China 

areas 

2.  Address wind and solar curtailment issue

From PPT of Prof. Gao Hu, China National Renewable 

Energy Centre (CNREC)

Total wind electricity curtailment: 33.9 TWh

Average curtailment rate: 15% in 2015

1.  Integrating large -scale renewable into weak grid
Causing voltage, frequency and power quality problems. 

Need active control by renewable generators, stations and clusters to support the 

secure and stable operation of weak power grids.
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1. Fast development of HVDC in China power systems 

EHV/UHV DC transmission

Back -to-Back HVDC

VSC-HVDC and DC network   

II. Power System Evolution in China

- Power system with high proportion of power electronic equipments
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China's EHV/UHV DC transmission system s

DC ¤400~500kV

DC ¤660kV

DC ¤800kV

7 HVDC Terminals,

31.76 GW, from 

Southwest  and  

the Three Gorges

8 HVDC Terminals

Hydro  plants

Three Gorges

By the end of 2015, a total of 27 HVDC 

projects (6 UHVDC, 3 B -T-B DC, and 4 VSC -

HVDC) had been in operation.
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Jingmen
Shanghai

Taizhou

Suzhou

Weifang

Nanyang

178

362

283

152

165
63

361158

Western Inner Mongolia Coal Power

Yalong River Cascade Hydropower

Jinsha River Phase - I

Qingdao

Fengxian
Fengjing

Fuzhou

160

290

228

Nanjing

1335

1680

1907
2083

2210

Northern Zhejiang

Jinzhong
Shijiazhuang

306

198
Yuheng

Eastern Yinchuan

336

Ningdong Coal Power

Southern Anhui

Zhongzhou

Southeastern Shanxi1600

Baoji

Huainan

Jinhua

Tongli

Southern Zhejiang
120

190

Central Zhejiang

Western Inner Mongolia

Tianshan

Southeastern Shanxi

Deyang

Southern Tianjin

Western BeijingNorthern Shanxi164
266

Shaoxing

Lingzhou

Jiuquan

Xiangtan

2490

Lingbao
Back to back

Jinan

Northeast and North China
Back to back

1335

356

Xilinguole League

Xilinguole League Coal Power

Eastern Beijing

1600

210

164

Shanghaimiao

Linyi

SGCC UHV AC/DC transmission project s in operation or under 

construction ( by April 2016)

Eastern Junggar Basin

¸6 UHV DC transmission projects 

under construction :

1) Ningshao UHV DC project

2) Jiuquan -Hunan  UHV DC 

project

3) Shanghaimiao -Shandong UHV 

DC project

4) Xilinguole League -Taizhou 

UHV DC project (¤800kV, 10,000 

MW)

5) Jinbei -Jiangsu UHV DC project

6) Eastern Junggar Basin -

Southern Anhui UHV DC project

(¤1100kV, 12,000MW )

1̧ back -to-back HVDC project

(E-Yu grid interconnections ̃
(¤400kV,2¦1,250MW,

2¦1,250MW) 17



Ţo enable cross -space and cross -basin 

optimal compensation adjustment of various 

power sources

Ţo realize multi -point interconnection with 

Central and Eastern load centers by large -

capacity long distance DC transmission lines

Proposal of Western China Source -side 

DC Transmission Network

4-terminal VSC -HVDC grid pilot 

project in Zhangbei area of Hebei

Province and the North Beijing

New development of HVDC transmission system 

Kangbao (Wind &PV)

1,500MW

Beijing (Yanqing )

3,000MW

Fengning (HPS)

1,500MW

Zhangbei (Wind)

3,000MW

Beijing

DCCB
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