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Figure 1 Evolution trend of China’s power source composition in 2020-2060. (a) Installed capacity; (b) power generation
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Figure 2 High-frequency keywords in the names of future development scenarios for China’s six regional power systems. (a) North China; (b) East
China; (c) Central China; (d) Southwest China; (e) Northeast China; (f) Northwest China
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Table 1 Main characteristics and scenarios of the six regional power grids in China
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Figure 3 Relationships between five typical development scenarios and six regions



*
N

3 L &

“IHERFEARBREBHAREINE

FERARKEEIbINE

SEPLEEEEREESE A

1 S8 A
BtmsmERERERE | 0

P / A AT\
/S ¢ N

Bl 4 MR - BORTR-GUE0T T W OC R ]

BRI SSITERNRA
AR SEREIR SRIERA
KRBT RS AERAR

A BNEEEHASSEIERER

e ER BRI S RBIERUEA
FBEEH MR SIAERAR
BRAERFRMHEHNSRLBEETRA
St PIRE X iR MRS TR A
SinmBERIESREREA
BEHIEABRTFREEBRIPEAR
ZERRAZIRBMIAMLRA
BRREMILSZLB/RETRA
BoFB NI R R SR EREEA
HEMBAETSUEMERA
EFEMFFSHEREEA
AHABTERSEERA

AR/ REERBRRESRAEMEAR
B ERETERFURHRARA

ABOKEBHERBETD SEREKBHRAETRA

BREKSHIEIERERA
EBREmEXER RS
RAERERSAEEEETE
REIMR TREREMIFE
MR T
BEARSEREREN
BESETHELSEHENS
REMRRBEEER SEEREA
i =R T BRI B A
SRERIER Y TRBEEERET A
WEmEESRIFSEERA
AT EaERFA
EAfHENSEREREA
HEBNERNERLIHIPRA

EE A
BERXBSANHIGHEA

R NRRERERLY SEERIERRA
BARREFRATSRERA

Figure 4 Mapping of typical scenarios to technical requirements and research directions

HHRRAGERATIEOR, WS B RS A E S8
AL R, ST RIRT, AT 3T AR B
SRAGBEF AR VIR Ry /R E ARSI 4700, Sl 5y
Lt TS (AN A R TR R H R0
FHCRRANEL ) ): IR MR & e UCR SR RE IR . fHRE .
PR KL AT AR SRR, R H R A T 40
sARH AL Ratr SR AT, B
0 -5 T P T ot P P R L R R s A L T RE AL
PR H B AEMIOCHOR, e Pk RE 4R T 40T 5 1 v v 3 75 B
il A R Aa A, AR ST IR T e PERERS
B BARCHTSY, W LR R ST BRI |
ih R I, RO ARRE S ) THEshE . (R
iR e N TR BESFEORNH], BOR S HARZ T S
SEHCRHL . AR D] T AT L AT RIS, AR

SWILRM R G oE # . M SO EAT R AR T A

ERthRRR

RERHREHETT

EFEBNSHE

=EltaEER

=R

TR

HEhaE

BERSEAES

. SR R AL R R4
3 WD) RGOV IR P

Lol 2= B R AR SRR o 0 EEARYE, HAG A
Rl orbrite, —EESBEF MRS HAEME LN (200
BT MAA BRI E ) RHMSEEY, EE R T
SRR GRS L, SR T R R RN TS
NA R F: TAER AR, IR E AR CFpbark
505 ) (GB/T 13745-2009), & H T E R 2 W H AR S
T, BUATRAR 200045 117 1 H RS, 25 &4 SR
BARM L 7 ) 1 ) A SR B M SEPRTRR,  (FRM 2 E RS )
HENT SRR R R IR E R 0B BOR AR & R
JeRMFIH . BHF SSRGS A RS, X R EAT



FHIFTZBET . SRR AG 5 BAT S i il T, S oy
x4

BEXE FIR3TIEAR, X (RIS ) B,
AT HE— 2T 1 RGBT Ll A B, T %40
SRR, T B UL, A HAR SRR R
BRI G BAT — i Y W, RIS S SR
BESCERESERE, O R U 1 B A AR R ARSI A 2 A
TR AE TS R A FEE— KB, ehh,  (ARbrdey
A ) oy “HARER T =GR G EIRRR, F
JEIHT RGN . WERRPE MBI, BN AR R
Br. 5] B BRI A B AR SRS SUOC &, kg n]
UL, SESIA TG B R i ) RGO B UIR)R S,
HAANHARGI ST AR 308, M2 HfF

BEEEIMNPIEIARSETIERRA
HUS(L RS SRIEEA
KRB TR AERA

ERmREAR FREEAEENSEREREA

FEERFHRNSINERA
BEAERRAINEEHSRLBEETHRA
EtefiEERR RN EETIERREA
SinENREESREEHEAR
BFIB R FRARBRIFEA
BEHRRAZREBIIMLIEAR
BEREMRISELB/USTRA
RAEMEEEHSEEREARERA
HEMARETSUEMREEA
RERFRPSHEEEERA
SHABERSEEREA
HBE/RIERBERESRAERRA

RERIHREETT

RERSHE

REEEREA

RESRARATRS SRR

BEREE ARSI R A

AEKEHNERERTSEREKBIRAETRA
ARLKEDHIERERA
BEREREREIIREST
AEERRREABHEETE

RIRIAE FRER S
FEUIMRRIFER I
BEARSEBNERMN
BESEENELSERN
RRMRBERIEER SEERA
RIRSIR TR EA

SR RRN TRREEERMETRA
WERRBHESRIPSEERA
BAHATERENA

B ENSEERIREA
HEBNRRMERLMHIPEAR

FERRERA
BFERGSBADHIHRA
EBHRRRERNL SEERIERREA
BAOBARERATSREREA

EENE

HEEE

BERSHEAES

Bl 5 HRTR-ER SRR

Figure 5 Correlations of technical requirements and supporting disciplines
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Technological innovation requirements for new power systems
from the dual perspectives of scenario-driven and
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Under the strategic background of China’s energy transition and technological self-reliance, the innovation system of new power systems
urgently requires forward-looking and systematic top-level design. Traditional technology-driven innovation paradigms, which advance
by inertia or are driven by current problems, are prone to path dependence and may fail to address the fundamental challenges of the
energy transition. To overcome this limitation, this paper proposes a “scenario-driven and discipline-supported” dual-perspective
analytical framework to systematically explore the technological innovation requirements for new power systems. This framework takes
future typical scenarios as the core orientation, deducing technology needs from scenario characteristics, while leveraging the
disciplinary system as foundational support to provide a logical basis for technology field subdivision and multi-disciplinary
collaborative research.

Based on the evolution trends of China’s power source composition during 2020-2060, which show that wind and solar power will
become the dominant electricity source by around 2040, this study collects and analyzes 178 future power grid development scenarios
from 27 provincial power companies across six regional power grids in China. Through keyword frequency analysis and feature
clustering, the main characteristics and key scenarios of each region are summarized. Further considering national major strategies and
significant projects, five typical development scenarios are proposed: large-scale wind-PV base transmission in desert and Gobi areas,
facing challenges of weak sending-end grids and extreme environments; large-scale offshore wind power base transmission in deep-sea
areas, confronting difficulties in long-distance transmission and marine environment adaptability; UHVDC cross-regional power
receiving in load centers, dealing with multi-infeed DC system stability and voltage support; high-proportion distributed new energy
accommodation and utilization, tackling issues of bidirectional power flow and power quality in active distribution networks; and large-
scale hydropower base transmission in Southwest China, addressing the coordination of hydropower seasonal variation and renewable
energy fluctuation. These five scenarios demonstrate broad cross-regional relevance, collectively covering the core challenges of China’s
regional power systems.

Driven by these five typical scenarios, the core challenges faced by each scenario are systematically analyzed, and 37 key technological
requirements are identified. These include new energy resource simulation and power forecasting, multi-energy complementary
coordinated planning and operation control, stable operation control of high-proportion renewable energy sending-end grids, UHV/
flexible DC transmission equipment and system integration, high-safety long-life energy storage equipment, transmission line
construction in extreme environments, deep-sea wind power platform reliability, multi-infeed DC system stability control, active
distribution network planning, microgrid autonomous control, distributed resource aggregation, artificial intelligence applications in
power systems, advanced sensing and measurement, cybersecurity protection, materials suitable for extreme environments, and power
semiconductor devices. These technological requirements are further categorized into eight technology fields: source-grid coordinated
development, large power grid planning and operation, distribution network and electricity consumption, equipment performance
enhancement, material and device support, construction and disaster prevention, digital and intelligent empowerment, and policy and
techno-economics. These fields collectively constitute a comprehensive innovation system providing full-element support for new power
system construction.

Based on the national standard Classification and Code of Disciplines (GB/T 13745-2009), the disciplinary foundations supporting the
37 technological requirements are systematically analyzed at the secondary discipline level. The results show that 51 secondary
disciplines provide underlying support, with extensive cross-disciplinary relationships. Electrical engineering is the most widely involved
discipline. Control science & technology and energy system engineering also provide support for a significant number of technologies.
The “scenario-driven and discipline-supported” framework provides methodological support for the top-level design of the technological
innovation system for new power systems and offers decision-making references for the layout of power technology research and the
allocation of innovation resources.

new power system, scenario-driven, discipline support, technological innovation requirements, typical scenarios
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