> ﬁﬁl XXXX
W

S4B HOR B MR R KR B £ R
S

X8, I, BRzla, BEE, &I #
(B W 2 73K A FRad], b, 102209)

W F: BESE ORI SR BT, R SR T IS S R B O R . VAT IS LA
TaxHb L (GEP) MRS B AR 1A b A U AL, MR KOL B oI i S R &AL T —
PRI A i B R DL AR R, SR 2 3 U M A i, RGEVEAL A 31 448 24T BUX AE 0%-100% GEP
THEZHEA . FHTE R 1D A2 “RIR-RA 7 WEHE, KGEP XA A ZMEIERE; 2) &
GEP FAFAE “REREMAIG” 2L, 140 J J3 3 P 5 (R i BE W 1R #5582 AR B T 3) il ) B )
fir, WSS GTIR X BN BRAR S, L I3 55 G A pCo A R0 8 S8 oo W TR 17 A IR SR R 3 1 Y AN )
BRERYE, N CREIEE” K2 RACEUR ] E SO R AR

KR bl SRHEDE; MERERCAREE; RGP A

HESES:

SRR RS :

doi: 10.11959/j.issn.1000-0801.

Techno-Economic Evolution and Regional Configuration Dif-
ferences of Direct Green Power Connection for Data Centers

Liu Min, Wei Qi, Chen Zhiyi, Xiao Zhihong, Jin Guangxiang
State Grid Economic and Technological Research Institute Co., Ltd., Beijing 102209, China

Abstract: As data center energy consumption and decarbonization pressures continue to intensify, achieving cost-
effective Direct Green Power Connection while maintaining high reliability has become a critical priority. To quantify
the marginal cost patterns along a macro-level transition in green electricity penetration (GEP) from low to high lev-
els, a source - grid - load - storage coordinated optimization model integrating wind - solar resource profiles, time-
of-use tariffs, and demand-charge mechanisms was developed. A multi-scenario sensitivity analysis approach was
used, and the levelized cost of electricity (LCOE) for 31 provincial-level administrative regions under GEP levels
from 0% to 100% was systematically evaluated. The results showed that: (1) cost trajectories are jointly anchored by

the “resource - tariff” interplay, with tariff structures exerting a more pronounced influence in the low-GEP range; (2)
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a “storage cost wall” emerges at high GEP levels, where the rigid capital investment required to smooth long-cycle

variability rises exponentially; and (3) green power potential is spatially misaligned—resource-rich regions such as In-

ner Mongolia exhibit an absolute cost advantage, whereas load centers such as Jiangsu deliver higher relative benefits.

These findings underscored the indispensable role of grid flexibility in enabling high-GEP pathways and provide

quantitative evidence to support the “East Data, West Computing” initiative and differentiated policy design.
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Fig. 2 System architecture of data center direct green power connection
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Fig.3 Heatmap of LCOE under different GEP across 31 provinces and cities in China
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Fig. 4 Required energy storage duration and wind/solar installed capacity across 31 provinces and cities in China under different GEP
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Appendix A1

Technical and Economic Parameters of Main Equipment

B 4 Hft FAAL
fifs e I TR 95%
JHGERVES 95%
B2 H 3550 JL/KW-h
i Takida 175 TC/KW-h * 4F)
SR it o 2000 JL/KW
Y47 2% H 40 TEIKW * 4F)
AL et o 3000 JL/KW
S 9% FH 65 TC/KW * 4F)
PINR# 3 m/s
BE M 12 m/s
Y AE 25 m/s




