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and solar power (2010-2021) technologies
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Table 4 Utilization hours of power generation technologies and other key parameters
L BHAR Aedb Kb MR AEp vEdt E
RN FEGART 300 MW 2/ K LA 4189 3538 3974 3640 3868 3310
KT 300 MW 220 I FL-H AR 4189 3538 3974 3640 3868 3310
300 MW 220 I FF AR 4358 3681 4136 3787 4025 3444
600 MW 27 I B AR 4639 3917 4401 4030 4283 3665
KT 300 MW 2 s 4 AR 4189 3538 3974 3639 3868 3310
300 MW 24 Il S AR 4359 3681 4136 3787 4025 3444
600 MW ZRfh s L4 A 4639 3918 4401 4030 4283 3666
300 MW 2 i i I 4 AR 4359 3681 4136 3787 4025 3444
600 MW 2 i i I L4 A 4639 3918 4401 4030 4283 3666
1000 MW 28 I A4 R 5145 4345 4881 4470 4750 4065
AL 1000 MW 2 I A4 AR 5145 4345 4881 4470 4750 4065
1000 MW Zi 8 1 T A ke b5 5145 4345 4881 4470 4750 4065
1000 MW I FHEAR+CCS FiAR 5145 4345 4881 4470 4750 4065
PGP IR & A 7133 6024 6767 6197 6586 5636
ARSI B IR A AR 6864 5796 6512 5963 6337 5424
BRSO A IEREAR+CCS HA 6864 5796 6512 5963 6337 5424
RIRA AR 4752 4013 4508 4128 4387 3755
KA 1195 1808 1315 3458 4289 2491
KA 2100 1844 2330 2144 1986 2083
KFIHfE & B A 1213 1239 1139 1080 1414 1147
ek A 7864 7083 7772 — — 7576
YRR K AR 4414 3364 5679 5185 3782 4602
BEIRVE SIML kW K AR 6.87
KA 100
UNEEEY R #N 460
e R EA 2.5
i FL 245/ % — 436 4.97 4.09 6.04 8.8 4.4
SRIEM A/ (TT/tce) — 622 664 789 851 577 778
RIRAMAE/(TT/m?) — 32 3.5 3.5 2.7 22 3.5
SO, FINO, HERUR A/ (Jt/kg) — 7.33 1.26 3.17 3.19 1.26 2.36
et/ (5T — 345
SO, A 4 7/ (kg/tee) — 0.66
NO, HEB N 5/ (kg/tee) — 0.62
L, CO R ¥/ (tice) — 2.77

T A PR B AR /NI 08 B P 28 238 g 25 DXl 5 48 0 T 2400, B3 5 1 1 SCRIR[31,36] 5 45 DX 7K Al L XUFR, L K BH R A% A m) T
T T EE R SR [3,4,37] 5 45 3 DX BR BRI R AR A A% 2K B P 5 117 3% 0 (https://www.cetd.com.en/) . CEIC %45 J# (https://www.ceicdata.
com.cn/zh-hans/products) \Li %" K AR & 33 SO, FINO_HEBUSA Sy KA 15 Ye i FBLAT , 45 X BT 8 48 003 (- 2448, Bk F R A
FOILR E BB BE %) (https://www.mee. gov.cn/ywgz/fgbz/f/201811/t20181114_673632.shtml) ; B 51 H SCHK[38]; SO, FINO _HEH A F 5| [
SCHR[39]; K HEL CO, HF A 751 H SCHk[40]
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Table 5 Key scenarios for constructing the new power system
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Figure 3 Installed capacity structure of power system under different scenarios, 2025-2060
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Figure 4 Power generation technology pathways of six regions in China under scenario S2, 2030-2060
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Figure 5 Power generation composition under different scenarios, 2025-2060
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%6 2060 F S21F= T XigE B AEHIER (FIZkWh)
Table 6 Inter-regional electricity transmission under scenario S2, 2060 (10" kWh)
K i LA XI5
- ALK 5k ALK IR AR IXHE A X 3 PEIE X sk F 5 X,
P DX Al X 3 — — 0.27 (0.25) — — 0.30 (0.28)
ALK 0.56 (0.49) — 0.23 (0.20) 0.21 (0.18) — —
IR X, — — — — — —
A X gl — — 0.23 (0.18) — 0.24 (0.19) 0.12 (0.09)
b X 3 0.46 (0.44) — 0.20 (0.18) 0.21 (0.20) — 0.09 (0.08)
BT X3 — — — 0.13 (0.12) — —
A5 N AR A RER L g R R
ST EAT I R B A, WK 6 IR TEFTA T 5= WAL

T RGNS SA Y B2k kAR 2060
ARG 11 T Ie R 6, S2IE =T, LBk -h Al
H bR, 248 B AT 2030 455 215 10 74200 3 &=
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Figure 6 Variation in total cost of power system under different
scenarios, 2030-2060
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Multi—-energy synergetic pathways for China’s new power
system based on cost analysis

LI Ru"? HU Yujie', ZHANG Chen®
(1. School of Business, Chengdu University of Technology, Chengdu 610059, China; 2. Digital Hu Huanyong Line Research Institute,
Chengdu University of Technology, Chengdu, 610059, China; 3. National Science Library (Chengdu), CAS, Chengdu 610299, China)

Abstract: [Objective] China has vast development potential for wind and solar resources, but there
is a spatial mismatch between resource endowments and load centers. This study aims to reveal the
regional heterogeneity of learning effects in wind and solar power technologies and propose inter-
regional multi-energy synergistic pathways that balance economic efficiency and low-carbon
performance, thereby providing scientific support for the construction of new-type power system.
[Methods] A learning curve model was employed to quantify the dynamic evolution patterns of
investment costs of wind and solar power technologies with installed capacity across six regions in
China during 2005-2021. On this basis, by integrating multiple factors including resources,
technology, and policy, a cost-optimal bottom-up dynamic optimization model covering 2022-2060
was developed to explore multi-energy synergistic pathways of power system transition under
different electrification and carbon emission reduction constraints, and to analyze their effects on
system costs and carbon emissions. [Results] (1) To achieve carbon neutrality, under an accelerated
electrification scenario, the proportion of renewable energy installed capacity in China was
projected to reach 88.9% by 2060, with approximately 51.8% located in Northwest China, North
China, and Northeast China. By then, the renewable penetration rate was projected to reach 85.2%,
leading to a 21.0% increase in total system costs. (2) Investment costs would gradually replace fuel
costs as the dominant cost component. In terms of growth rate, ancillary service costs increased the
fastest, with their share reaching 24.7% by 2060, and the unit ancillary service cost reaching 0.203
yuan/kWh. (3) Benefiting from the large-scale development of renewable energy, China’s power
sector was projected to peak its carbon emissions as early as 2029, at approximately 4.68 billion
tCO,, with a cumulative emission reduction of approximately 118.9 billion tCO, by 2060.
[Conclusion] The leading potential for cost reduction of wind and solar power in Northwest China,
North China, and Northeast China is the core supporting the low-cost system transition. With the
grid integration of a high proportion of renewable energy, the system cost structure will undergo a
reversal, and the resulting ancillary service costs cannot be ignored. Furthermore, the electrification
level and carbon emission reduction intensity jointly determine the timing and magnitude of peak
carbon emissions. Maintaining a dynamic balance between load growth and carbon emission
reduction is a prerequisite for ensuring the orderly decarbonization of the power system.

Key words: “dual carbon” goal; renewable energy; new-type power system; cost reduction
potential; ancillary service costs
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