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Needs for building a New Power System in China

◼ Tremendous efforts are needed for China to fulfill its commitment to 30/60 carbon reduction goals.

◼ Energy system is the main battlefield for carbon reduction , while power system is the main force :

• Currently, energy-related activities contribute about 80% of the whole-society carbon emission, while power

industry contributes about 40% of the energy-related carbon emission.

• Deep decarbonization of the industrial, transportation, and building sectors requires higher level of electrification.

• A low-carbon power system will be the core of a low-carbon energy system and the key to a low-carbon society.
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2020/9/22

The 75th Session of the UN General 

Assembly, President Xi

Put forward China’s commitment to 

carbon peaking by 2030 and carbon 

neutrality by 2060

Climate Ambition Summit, President Xi

In 2030, unit GDP CO2 emission goes down by 

more than 65%, non-fossil energy reaches 25% of 

primary energy consumption, wind/solar power 

installed capacity reaches more than 1200GW 

2020/12/12

2021/03/15

Central Finance and Economics Committee

Build a clean, low-carbon, secure and efficient 

energy system, build a New Power System

dominated by new energy (wind, solar)

2023/03/17

2021/10/24

State council, Action Plan for 

Carbon Peaking by 2030

Build a New Power System in 

which the proportion of new 

energy gradually increases

National Energy Administration,

Issues Blue Book on New Power 

System Development (exposure draft)

A brief policy timeline of building a New Power System
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The current power system in China

◼ Power demand 2022: 8637TWh (8.6 trillion

kWh), about 65% in the E/C region

◼ Installed capacity 2022: 2564GW, non-fossil

50%, wind + solar 30%.

◼ Power generation 2022: 8694TWh (8.7

trillion kWh), non-fossil 37%, wind + solar 14%.

◼ Power grid 2022:

• Length of transmission lines (220kV+):

876448km; AC 94%; DC 6%

• 17 UHVAC, 20 UHVDC projects in operation

• W to E and N to S transmission capacity

over 300GW

• A strong UHVAC receiving-end grid taking

shape in the east/central region, SW UHVAC

grid construction just began

• UHVDC for long-distance transmission:

1100~2400km for ±800kV lines, about

3300km for the ±1100kV line
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Hydro, 414 , 
16%

Coal, 1124 , 45%

Gas, 115 , 5%

Biomass, 41 , 2%

Nuclear, 56 , 2%

Wind, 365 , 
14%

Solar, 393 , 
16%

Others, 5 , 0%

Installed Capacity, GW

Hydro, 
1355 , 
16%

Coal, 5077 , 60%

Gas, 269 , 3%

Biomass, 184 , 2%

Nuclear, 418 , 5%

Wind, 762 , 9%

Solar, 428 , 5% Others, 1 , 0%

Generation, TWh

UHV backbone grid in China

Black: 1000kV UHVAC

Pink: ±800kV UHVDC

Red: ±1100kV UHVDC

Total, km 876448 

DC 50562 

±1100kV 3295 

±800kV 29501 

±660kV 1334 

±500kV 15401 

±400kV 1031 

AC 825886 

1000kV 14973 

750kV 28054 

500kV 216521 

330kV 37209 

220kV 529129 
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Future power system in China (a GEIDCO Scenario)
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◼ Power demand 2060: about 17.2 trillion kWh (double of 2022),

58% of which remains in the E/C region

◼ Installed capacity 2060: 7790GW (triple of 2022), non-fossil

93%, wind + solar 79%.

◼ Power generation 2060: 17400TWh (17.4 trillion kWh, double

of 2022), non-fossil 94%, wind + solar 66%.

◼ Power grid 2060 :

• About 54~64 interregional UHVDC lines, with 830~930GW

W to E and N to S transmission capacity (triple of 2022)

• Strong sending/receiving-end UHV/EHV AC grid

65.1%
64.1% 63.6%

60.4%

58.0% 57.6%

2020年 2025年 2030年 2040年 2050年 2060年

Proportion of power consumption in 

the E/C region 

Hydro, 580, 8%
Coal, 230, 3%

Gas, 330, 4%

Biomass, 190, 2%

Nuclear, 
270, 4%

Wind, 2290, 
29%

Solar, 3900, 
50%

Installed Capacity, 2060, GW

Hydro, 
2500, 
14%

Coal, 600, 3%

Gas, 500, 3%

Biomass, 500, 3%

Nuclear, 
1900, 11%

Wind, 5500, 
32%

Solar, 5900, 
34%

Generation, 2060, TWh Population density
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Challenges and solutions for building a NPS

◼ Challenges: strike a dynamic balance within the contradictory triangle

• Ensure adequate and stable power supply at different temporal and spatial

scale with increasing uncertainty

• Tradeoff between energy security and green transition, requires transition

at an appropriate speed and pace, stand before you break

• Cost reduction of wind and solar power generation will be compromised by

investment in system flexibility, grid upgrade, and system control

◼ Solutions: institutional + physical + technological aspects

• Institutional: farsighted government strategies, policies and regulations,

effective markets, comprehensive planning, technical standards

• Physical: whole-chain transition of the power system from the generation,

grid, demand and storage sides, as well as coupling with other sectors, esp.

coupling electricity with hydrogen

• Technological innovation is crucial and fundamental
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Security and reliability

Bottom line, meet the power 

demand of economy and 

society development

Dynamic 

balance

Green and low-carbon

Direction of development, 

meet the power demand in 

a sustainable way

Affordability and efficiency

Intrinsic requirement,  meet the 

power demand at a low cost, 

achieve energy justice
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Trends of the generation side

◼ Development of new energy generation:

• Large onshore wind and solar power bases in the west and the north,

complemented by adjacent coal, hydro power plants (9 bases with 665GW

planned by 2025, half completed)

• Large offshore wind power bases off the eastern and southern shore (5

bases planned with over 200GW by 2030)

• DGs in the E/C region encouraged: rural wind power, rooftop/road-side/water-

surface PV, green parks with combination of renewables

◼ Development and transition of conventional generation:

• Coal power: improve flexibility through renovation; guarantee power supply;

some reserved for strategic backup; add CCUS; switch to new fuels

• Hydropower: speed up the development of the SW river basins; focus more

on providing flexibility; add units in existing stations where possible

• Nuclear power: proactive, safe and orderly development (70GW in operation,

50GW in construction in 2025, approval of 6-10 units per year); currently

mainly at coastal sites, inland sites reserved
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Distribution of large renewable and nuclear power bases

(by 2025, similar in the long term)

Solar energy resources

90% in W, N

Wind energy resources

80% in W, N
Desertified land

Sand land

Gobi land

Saline-alkali land

Solar

CoalOnshore wind
Hydro

Offshore wind

Nuclear

Hydro energy resources

80%+ in W, 70% in SW
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Kangbao

converter 

station, 

1500MW, 

wind/solar

Zhangbei

converter 

station, 

3000MW, 

wind/solar

Fengning converter 

station, 1500MW, PHES

Beijing converter station, 

3000MW, Load

Trends of the grid side

◼ Enhance inter-regional, inter-provincial grid interconnection by

expansion of UHV/EHV backbone grids for:

• Wide-area allocation of clean energy resources

• Harnessing the complementarity of loads and energy resources

• Sharing reserves and flexibility, enhancing system stability

• Coping with extreme climate events through mutual support

• Providing a physical platform for a unified national power market

◼ Enhancement and evolution of distribution grids for:

• Integration of more and more DGs, EVs, VPPs and micro-grids

• Transition from a passive and unidirectional radiative network to an

active and multi-directional meshed network

• Providing a physical platform for distribution level power markets

◼ New grid codes, technologies and smarter grid operation:

• New grid codes: require new energy generation provide more grid

support, such as fault ride-through, virtual inertia, auxiliary services,

integration through grid forming inverters

• New technologies: R&D, demonstration and application of MTDC,

VSC-DC, hybrid CSC/VSC DC, flexible low freq. (20Hz) AC

transmission and grids, electric energy routers at distribution level…

• Smarter grid operation: more accurate forecast of renewable

generation, electric meteorology, big data and AI application…
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Flexible AC freq. 

converter station

Low freq. cable 

Low freq. 

wind turbines

The 20Hz low freq. AC transmission demonstration project, 

Taizhou, Zhejiang Province 

The ±500kV four terminal Zhangbei VSC-DC grid 

demonstration project
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Wind/solar, 1040MW

CCHP, 120MW

Industrial loads, 730MW

Commercial loads, 700MW

EV charging loads, 900MW

Comm. base station, 70MW

Storage, 100MW

Urban Core

Yangtze River Delta 

integration demo. zone Lingang

District

Trends of the demand side

◼ Demand response will play a more important role:

• From generation following loads to loads matches generation; DR is needed

in higher frequency, larger scale and both direction

• Currently, 5% peak load shaving encouraged by most provinces, 10%

shaving pursued by some provinces; air conditioning loads of large

industrial and commercial customers contribute a lot in DR

• EV charging loads will take a bigger role (EVs in China reached about 13

million by the end of 2022, 4% of total vehicles, half of the world EVs; over 5

million newly added EVs in 2022, 23% of total newly added vehicles, 81% of

yearly growth rate)

◼ From consumer to prosumer to VPP:

• With controllable loads, DGs, storages and EVs, customers will change from

consumers to prosumers of electricity

• Large number of prosumers aggregate to form VPPs in a bottom-up way,

enlarge in footprint, from buildings to parks, power supply zones, counties,

municipalities…

◼ Incentives, rewards and market mechanism are needed, but worthy:

Meeting 5% of peak load by thermal power costs 400 billion yuan, while by

VPP costs only 50-60 billion yuan (a SGCC estimation)

◼ Order of implementation: from easy/cheap ones to hard/costly ones, picking

low-hanging fruits first, e.g. for EVs, smart charging is much easier and

cheaper to implement than V2G
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System 
Reliability Objective

Frequency 
of calling

Paritcipants

Direction

Demand 
Response

System 
Efficiency 

System 
Flexibility 

Emergency 
Use

Daily Use
Real-time 

Use

Large Customers
Small  Customers 

(with Aggregators)

Downward Only Downward or Upward

Trends of demand response development

Illustration of the Shanghai municipal level VPP
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Trends of the storage side
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◼ Speed up the construction of more PHES (conventional storage):

• Reach 62GW in 2025 and 120GW in 2030, 2 and 4 times of now

(resources of PHES sites about 800GW in China)

• Add pumps to existing hydropower stations: pumping water from

downstream to the reservoirs for storage, cheap

• Build new-type PHES along the mountainous route of water transfer

from SW to NW, pump and generate at separate locations (An

innovative concept proposed by GEIDCO)

◼ Promote the development of new storage:

• Mid-duration electrochemical storage widely used, lithium-battery

dominates, sodium-battery and aluminum-battery catching up

• By the end of 2022, 8.7GW of new storage in operation, 110% of

growth from 2021, average duration 2.1h; Lithium-battery takes

94.5%, CAES 2%, flow battery 1.6% (NEA data)

• Short-duration, high frequency storage also used: super-capacitor, fly-

wheel, superconducting energy storage

• More long-duration and large-scale storage needed, CAES, gravity

storage, thermal storage, flow batteries are gaining momentum

• For seasonal energy storage, hydrogen and Amonia is promising

◼ Policy, standards, markets, and innovation of investment and

operation modes for generation-side, grid-side and customer-side

application of storage are crucial

Lower stream hydropower 

station and dam

Upper stream hydropower station and dam

Pumps and Pipes

An example of adding pumps to the Longyangxia hydropower station, NW China

(installed capacity 1.28GW, potential of additional installed capacity 1.52GW,

potential of pumping capacity 4GW)

Illustration of the concept of new-type PHES combined with water transfer

Water lifting 

Water transfer 

Generation
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Roles of green hydrogen (Amonia)

◼ Replace fossil fuels in sectors hard to electrify

◼ Green E to H conversion provides short time flexibility

for power system as a flexible load

◼ H storage and H to E conversion provides long time

storage for power system, help to ride through

uncertainty of renewables and extreme weather events,

with a duration ranges from days to seasons

H storage
H usage

Others Hydro CSP Wind PV Wind 

Spillage
Solar 

Spillage

E Loads E Loads + E to H

NW China, sending end, E to H conversion loads (blue line) coincide with 

renewable power output  (orange line) 

E China, receiving end, E to H conversion loads (blue line) inversely coincide 

with other loads (solid red line) and smooth net loads (dotted red line) 

Weekly power balance, whole China
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◼ Related technologies developing fast in China:

• Green E to H: dozens of projects signed in 2022, most in conjunction with

new energy bases in the W and N (wind-solar-storage-H integrated projects)

• Large scale H transmission: a 400km pipeline about to implement

• H storage: first solid-state H storage demo project just commissioned in Mar.

• H to E: fuel cells, mixed/pure hydrogen gas turbines, mixed coal and Amonia

fired generation (300MW, 35% tested; 1000MW, 50% test and demo next)

Simulation results of a GEIDCO study
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Coupling of electricity and hydrogen (Amonia)

◼ Green electricity and green hydrogen coordination modes (a GEIDCO study):

• Sending-end coordination: renewable energy bases, produce and transmit both green E and green H

• Receiving-end coordination: green energy hubs, receive both green electricity and green hydrogen, or

perform E to H conversion

• Mixed coordination: comprehensive optimization of local E to H / H to E conversion and E / H transmission

H Storage

H to E

Green H 
Industrial Park

H Storage H Users

H to E

E to H

Renewable
generation

E Transmission

H Transmission

Substation
E to H

E Users

Sending end Receiving End
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Thank you！

Dr. Caihao Liang,

Deputy Director, 

Electric Power Planning Research 

Division I, GEIDCO 

caihao-liang@geidco.org

11
The ±1100kV, 12GW, 3324km UHVDC Line from Xinjiang-Anhui, China


