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Energy transition in China: why?

Drivers for energy transition

» Climate change
» Environment pollution
» Fossil energy resources

Energy revolution in China: clean,
low-carbon, safe and efficient
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Energy transition in China: how?

® January 1%, 2006, Renewable Energy Law of the People‘s Republic of China

® China is top 1 on wind power, solar, and biomass in the world.

® 2018: The cumulative grid-connected capacity of wind power in China was
184.26 GW, accounting for 9.7% of the total installed capacity, 5.2% of total

electric energy generated.
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Wind power development in China

Installed Capacity

The total installed capacity and new install capacity of China

wind electric from 2003 to 2018 (GW)
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Wind power development in China

- 2018: Manufacturers, Newly installed capacity
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Why does China need offshore wind?

® In 2030, the maximum electricity demand of eastern China will reach
nearly 1000 GW, which cannot be fully supplied by local energy supply
and West-east electricity transmission project.

® Offshore wind resources in China is abundant and close to the demand
centers. Offshore wind will help China transform from the coal-based
to renewable-based energy structure.
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Current status of offshore wind in China o

€ Promote planning and increase the target

Grid Grid connected

* Planning: 74.72 GW - Planning Ap[.)roval connected |capacity by Sep

« Target in 2020: 6.6 GW fame | orget 2020 2019
1475 2017 3.5 3.87
13.30 2017 2.0 0.27
1275 2012 : 0
9.85 2018 0.3 0.10
6.47 2016 0.3 0.25
6.15 2011 0.3 0.31
m 5.60 2012 - 0
m 3.95 2014 0.1 0
1.90 2013 - 0.15
; - 0.1 0.09

Data source: China Renewable 74.72 / 6.6 5.04

Energy Engineering Institute
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* In2018: 52.8% of wind turbines have the capacity of 4MW for offshore in China
* In2019: SMW and above units have become mainstream for offshore in China

Unit: /
I.5SMW 13,9 10MW 5~6MW

OMW 13,6
2.38MW |5
2.5MW W 46,75
3.0MW W 36,6

Commercial Operation

—
Prototype Installed
~ " Produced

—

Under Development
3.3MW 1B 27,03 '
3.6MW B 19,8

40MW I 34
42MW W 3524

SMW R 20,5
55MW |22
6.0MW 142
6.45MW | 3,225
6.7MW | 1,34
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Current status of offshore wind in China |

€ Advancement of design and construction capacity

* Breakthrough 1: 110kV and 220kV offshore booster stations were successfully installed. At
present, there are 18 offshore booster stations in China, and another 6 are under construction, and 2
offshore converter stations are under design.

* Breakthrough 2: The basic design capability of wind turbines have been continuously improved,
and the anti-icing design and integrated design capabilities have been improved. More than 900
foundations of various types have been completed, of which more than 500 are non-transition single
pile foundations. Negative pressure, gravity, and jacket foundations have been applied.
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Current status of offshore wind in China (QEP:

€ Construction costs are gradually reduced

* Through 10+ years , offshore wind investment per unit has gradually declined.
* The average cost of offshore wind power projects 1s around 15700 yuan / kW, mainly
located 1n the seas of Jiangsu Province.

Investment in offshore wind projects
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Province Unit KW investment (yuan/kW)
Tower barrel I:l Sea (land) use expenses I foundation
Jiangsu 14,400-16,300 ) )
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Current status of offshore wind in China

€ Industry & Acadamy
® 100+ of universities in China dedicates to the research and teaching on wind

power, thousands of qualified wind power engineers have been cultivated.

NCEPU yqliu@ncepu.edu.cn
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Challenges of offshore wind in China

China has 18000 km coastal line, average wind speed is around 7-8.5 m/s (90 m

height), lower than in Europe.

Average wind IEC wind
speed (90m class

E : m/s)
= Liaoning 6.5~7.3 1]

s Tianjin 6.9~7.5 11
= Hebei 6.9~7.8 I
= Shandong  6.7~7.5 i
) Jiangsu 7.2~7.8 i~ 1l

Shanghai 7.0~7.6 I~1

zhejiang 7.0~8.0 I~1+

Fujian 7.5~10 I~1+

Offshoref(\;\:‘lggsizf:(é:ilrs‘;rlbutlon Guangdong 6.5~8.5 |~ 1+

Data Sources: IEA report 2011
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Challenges of offshore wind in China

Super typhoons are prevalent in east coast of China

Time Level Wind speed
(mIS)

Rammas
un
Kalmaegi Sep. 13 40
Mujigae Oct. 15 50
Trajectories of Typhoon Sarika Oct. 14 45
along east coast of China
Hato Aug. 15 48
Pakhar Aug. 12 33
Khanun Oct. 14 42
Mangkhu Sep. 15 48
Source: BNEF, 2018 t
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Challenges of offshore wind in China

Environmental constraints tightening, near sea is very crowded

Tightening ecological constraints

® {Coastline protection and utilization
management methods)) : Strictly restrict
construction projects from occupying natural
shorelines;

® { Measures for the development and construction
of offshore wind power )

Large demand of new sea use
® Fishery use

® Industrial use,

® Transportation use,

® [anduse

® Engineering use.
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Challenges of offshore wind in China

Advanced operation and maintenance technologies are needed

® Lack of operation and maintenance experience

® O&M standards needed

£5,000

£4.500 Development costs
MU,

£4,000

£3500
£3,000
E 250

£2000 Capital expenditures (CAPEX) :

Offshore wind farm equipment facilities
£ . . .
£1,500 and construction and installation costs,
including wind turbines, wind turbine

£1,000

foundations, cables and power systems.

£500
Demolition cost (DECEX)

£l

The life cycle cost of a typical 1 GW offshore wind farm
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Challenges of offshore wind in China

Decreasing of the Feed-in Tariff
® Competitive pressure, such as UHV transmission channels, local distributed

photovoltaics and onshore wind power.
® Reduction and the call off the offshore wind subsidies in China

1H 2019 weighted average global LCOE

After 2021: Stop LOE (MY, 201 el
subsidies
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0
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Comparison of offshore-wind price
with other energy resources
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Outlook of offshore wind in China

®Industry:
® Short-term: without subsidies, industrial restructuring;
®[ ong-term: high demand, high speed development;
®Technologies:
®[arger wind turbines
® Smart operation and maintenance
®dcep sea floating wind turbine
® Industrial policy

®Provincial level policies will be 1ssued

Source : GE 2025 White Paper on China's Wind Power Generation Cost
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North China Electric Power University

® Largest energy and electric power university in China: 36,396 students,

most of them study energy and electric power related majors

® First undergraduate major of Wind Energy and Power Engineering
(from 2006)

® First Renewable Energy school in China (from 2007)

® State key laboratory of alternate electric power system with renewable

energy sources
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Wind Power Research Center

r Wind Power Technologies —I

Efficient wind turbine
technologies

/l Wind turbine blade \

design

B Integrated design of
wind turbine

B Wind turbine Intelligent
control

Intelligent wind
farm technologies

/l Wind Farm Design
farms

wind farms
B Operation of new energy

Q Offshore wind turbines/

\ power systems

~

m Intelligent control of wind

m Intelligent maintenance of

/
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Thank you!
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