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0 Energy Transition in China

@ Power System Evolution

- Power system with high penetration of renewable sources

- Power system with High proportion of power electronic
equipment
Power system with new ( possibly disruptive ) technologies
and equipment

- Smart integrated energy system

@ Conclusions
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The goal of China's energy transition isto build a low-carbon , clean ,
secure, efficient and sustainable modern energy system by the year
2030-2050.

2015 26.9 /124
2020# 48.3 15 6.76 35/29.4
2030# 53.2 22 (20) 8.49 44.2 /32.4

# China Energy Research Society. China Energy Outlook 2030. Beijing 2016 $ IMTEC=0.7 MTEO
@ Estimated calculation by author with nuclear capacity: 1.5 I 100GW
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EEENBETRE 2009-2015 in China

2009 33.53 8.7 31.0 6.3 3.6973
2010 39.79 10.3 32.5 5.9 4.1999
2011 47.15 9.2 34.8 7.0 4.6928
2012 51.93 7.8 36.2 3.9 4.9591
2013 56.88 7.7 37.5 3.7 5.32

2014 63.64 7.4 42.6 2.2 5.5233
2015 67.67 6.9 43 0.9 5.55

Data sources *  Statistical bulletin of China's national economic and social development (2009 -2015)
China National electric power industry operation profile ( 2012-2014)
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REE N T electricity consumption ( 2009-2015)
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Installed Capacity Electricity Generation

Hectricity
Rate-of-rise (%) generation
(trillion k Wh)

Capacity Proportion of
(100GW) national total (%)

Proportion of

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

Thermal power 0.9021# 65.57 % 4.0972 73.16 %

Hydropower 3.1937 21.15 % 1.1143 19.89%

Nuclear power 0.2608 1.727 % 0.1690* 3.01%

Grid -connected

, 0 0.1863 3.3%
wind power 1.2934 8.565 % 0

Grid -connected

0
solar power 0.4318 2.859 %

Total 15.0828 100%
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China's installed capacity China's electricity generation
in 2015: 1,508 GW in 2015: 5.6 trillion kWh

0.169 TkWh 01863 T

3%

[ Hydro
I Nuclear
B Wind
Solar
[ Thermal

Non-fossil fuel: |nstalled capacity Non -fossil fuel: Electricity
518 GW 1.507 trillion kWh

34.3 % 26.9 %;
Wind & solar 173 GW, 11.4 % Wind & solar 0.2225 T. kWh, 4 %

Non -fossil fuel capacity : 1/3, Non -fossil fuel Electricity : over 1/4
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China's installed capacity
in 2030: 2,818 GW

B Thermal power
1415 GW

[0)
50% [l Hydro power

[CJNuclear Power

B Wind & Solar

Non-fossil fuel installed capacity :
1,403GW, 49.8%

Renewable installed capacity:
1,283GW, 45.5%

Wind & Solar installed capacity:
833 GW, 29.56%

5

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

Estimation of China's Installed Generation Capacity and
Electricity G eneration in 2030

China's annual electricity generation in
2030 : 9.8 trillion kWh

5.66 TkWh

1.8 TKWh 58%
18%

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%

B Thermal power
[l Hydro power

[CJNuclear Power

B Wind & Solar

-fossil energy



= STATE GRID

8 ExREm Estimation of China's Installed Generation Capacity and
Electricity G eneration in 2050
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China's installed capacity China's annual electricity generation
in 2050: total: 3,912 GW in 2050 : 11.2 trillion KWh

2.74 TKWh
1098 GW
2804 B Thermal power 25% B Thermal power

2164 GW B Hydro power 5.41 TkWh @ Hydro power
55% 48%

[ Nuclear Power ] Nuclear Power

@ Wind & Solar B wind & Solar
150 GW
4% b
Non-fossil fuel installed capacity : ., Non-fossil fuel generation:
2,814 GW, 71.9% 8.46 trillion kWh , 75.5%;
Renewable installed capacity: ., Renewable generation:
2,664 GW, 68% 7.41 trillion kWh , 66%
Wind & Solar capacity: ., Wind & Solar generation:
2,164 GW, 55.3% 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 9
capita € clean electricity(renewable ,nuclear and nature gas generation B accounts for 80% of the total, rated load operation 2500 hours for coal fired plant.
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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
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men Power System Evolution
- Power system with high penetration of renewable sources

® By the end of 2015, the installed Development mode:
capacity of wind power has reached ., Centralized large -scale
129GW, the grid -connected development mostly in North and

capacity of solar power has reached North -West China  (wind 80%, solar 50%)
, Distributed development in East -
43.18GW. i

(" Wind deployment RIEBTE /S Solar PV deployment A7 S )

Wind power installed capacity and
share of the total (%) in major provinces

From PPT of Prof. Gao Hu, China National Renewable Energy
\_ Centre (CNREC)
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39 PV power stations more

In Gansu province (West China

)

Jiuq area: 5 wind ms,

than 5,000 wind turbines, 2 ,500
winverters /

QV in Gansu Province :5,825.8MW (201'5y
Generation capacity ratio:
(wind+PV) / total=39.38%
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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.

2. Address wind and solar curtailment issue

High proportion structure of coal fired Total wind electricity curtailment: 33.9  TWh

generation power in the three  Northern China Average curtailment rate: 15% in 2015
areas ' '

1 —1.2% —0.7% 5 —0.8%
| l}'?a% Ios% I:;a% l13%
.'/’-- S —

T T T 1

North East North-China  North West  Summary
Flexible power
supplyiPumped storage, fuel,
zas)

m Wind others W Regular ] Caal
POoWweT hvdropower
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- Power system with high proportion of power electronic equipments

1. Fast development of HVDC in China power systems

@ EHV/UHV DC transmission
® Back -to-Back HVDC
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China's EHV/UHV DC transmission system s

By the end of 2015, a total of 27 HVDC
projects (6 UHVDC, 3B -T-B DC, and 4 VSC - >
HVDC) had been

in operation.

DC @ 660kV
DC = 800kV

XJAR

DC @ 400~500kV ¢=—e

-—
L

7 HVDC Terminals,
31.76 GW, from
Southwest and

the Three Gorges

Hydro plants

8 HVDC Terminals

16
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\ Northeast and North China

Jiuquan &R \\\ \ Back to back
N\ Westem WN?steEn InnePr Mongolia Eastern Beiji !
3 'estern Inner Mongolia 0 21
N Shanghaimiao &mem S_“i?&_&e_s_tg_rn Beulr@s\ - ‘P
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\ 3 U S~ o Southern Tlﬁ \
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6 UHV DC transmission projects SR SN .o 228 “Weifangingdao
under construction : S S e asterri i 2 - 2 L; Linyi
1) Ningshao UHV DC project > 2490 ® N S
2) Jiuquan -Hunan UHV DC = = ) N ylooe
. N Baoj . _ Lingbao ~ Zhongzhou N\ N
project - N = ~Ba,gk to back 3694 ~ N <
3) Shanghaimiao -Shandong UHV N S o L N\ ~Taizhou
i N\ ~ © ~ 160 == =®
DC project _ X ~ < _ [ Nanyang ~2 —%,ﬁ 158 %\\361
4) Xilinguole League -Taizhou x 83 ~ an \.guzhou
UHV DC project (= 800kV, 10,000 S N R S ) shanghdil 63
MW) : N Jingme ~ Tongli 165 j'Pengxian
5) Jinbei -Jiangsu UHV DC project E "\* irbghejiang
6) Eastern Junggar Basin -

Southern Anhui UHV DC project ¥
(8 1100kV, 12,000MW) pap Sbuebin Zhejiang
. 1 back -to-back HVDC project
(E-Yu grid interconnections
(o 400kV,2! 1,250MW, Xiangtan
21 1,250MW)
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roposal of Western China Source -side

Fengning (HPS)

DC Transmission Network 1,500MW

Kangbao (Wind &PV)
1,500MW

Zhangbei (Wind)
3,000MW

. Beijing _

, To enable cross -space and cross -basin Beiing (vanaing )
optimal compensation adjustment of various '

power sources

, To realize multi -point interconnection  with 4-terminal VSC -HVDC grid pilot

Central and Eastern load centers by large - project in  Zhangbei area of Hebei
capacity long distance DC transmission lines Province and the North Beijing

DCCB




