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Abstract: The rapid development of renewable energy has accelerated the construction of the new power system. However,
characteristics such as the strong volatility and high randomness of renewable energy limit the application of smart grids. Given that the
East China Power Grid exhibits large power—receiving, high—density, and strongly coupled characteristics, it serves as an example for
analyzing the resource characteristics of the renewable energy in this region using statistical methods. First, from the perspective of
supply—demand balance, the grid operation under the different levels of renewable energy participation is explored, quantitatively
analyzing its impact on power supply reliability. Second, a refined multi-scale model based on output features is proposed. This model
integrates the output simultaneity rate into hourly and minute—level time scales, revealing the renewable energy output levels across
different times and spaces. Third, a three—level resource architecture model (grid—province—station) is established. Based on resource
transition states, the frequency distribution characteristics and spatiotemporal correlations are analyzed, thereby identifying the
continuity trends of renewable energy power generation. The research findings can provide an important basis for power grid operation
and planning.
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Fig.1 Distribution of guaranteed wind power output in
East China in recent years
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Fig.2 Simultaneity rate of guaranteed wind power
output in four provinces and one municipality of
east China
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Table 1 Simultaneity rate of guaranteed wind power output
in East China in 2021 under different assurance rates

TiH 100%  95%  90% 85%  80%  75%

ity 0.007 0.05 007 008 0.1 0.11
PP i Ui 0.007 0.03 005 006 0.07 0.08

1oy 0 0.01 0.06  0.08 0.1 0.11  0.12
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Table 2 Simultaneity rate of guaranteed wind power output
in East China in 2022 under different assurance rates

Tt H 100% 95%  90%  85%  80%  T5%

HTE 0.01 0.06 0.09 011 013 0.14
FLAF 3 0 0.02 0.04 005 007 0.08 0.1
e fe 0 0.03 009 011 0.2 014 0.16
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Table 3 Simultaneity rate of guaranteed wind power output
in East China in 2023 under different assurance rates

T H 100%  95%  90%  85%  80%  75%
S B 0.002 005 008 01 012 013
WA g 0.002 0.03 005 007 008 0.11
i oy 0.02 007 01 012 0.4 0.16
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Table 4 Simultaneity rate of guaranteed wind power output
in East China in 2024 under different assurance rates
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Fig.3 Distribution of guaranteed PV power output in
East China in recent years
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Fig.4 Simultaneity rate during morning and noon peak
for solar PV in four provinces and one municipality of
East China
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Fig.5 Power supply reliability under different guarantee
rates during morning and noon peak in East China
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Fig.6 Power supply reliability under different guarantee
rates during evening peak in East China
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Fig.7 Monthly average fluctuation of adjacent—day
simultaneity rate for wind power in East
China in 2023
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Fig.8 Monthly average output fluctuation of wind power
in East China in 2023
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Fig.9 Monthly average fluctuation of adjacent—day
simultaneity rate for PV in East
China in 2023
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Shanghai in 2023

BT AR A DR DL SRR I A0 3 Fop it
H sl 11, 25 1 Fh IR B 7E R/ i i
Bele sl s 55 2 b iR 17 i g 0 I B 2l 5 5 3 A
SR H IR R B sl f e 2

-“:x

£05

e [ [ [ ] TTT -

& 00:00 04:00 08:00 12:00 16:00 20:00 24:00
I 21

" (a) 45 LRI F1 3

204

TSO%

B 00:00  04:00  08:00 12:00 16:00  20:00  24:00

I ZI
: (b) H2 LAY 1 By i il
00 04:00 08:00 12:00 16:00  20:00  24:00
I Z
(c) EB3RM AL LI S L
E 11 _Ltig3masl BigshER
Fluctuation profiles of three typical days in
Shanghai

TEECES 1 Rl H i s B0 ], ¥ s 00 B
i Bl ok s £k WnE 12 frR . B IR
FIPKEAN e, 56 B[] P 1 0 B 28k A KR B 5y
] 254k R4 8:30—16:00,

800r

Fig.11

H 15/ MW
S =N
s 8

%]
(=3
=

T
2

R A A

SRIGFEERFSIRIBFELRE NN
%)

E12 2023&12 A1 HARAWSHREFER

Fig.12 Typical day minute—level fluctuation on

December 1,2023

4

E0EEET] Smart Power

057



ZREMAE SBEXIEY

Multi-Energy Complementary Dispatch and Cross—Regional Integration

2025 #53% #HT7HI Vol.53 No.7

3 WM& A= RFAREIRINER 5 F FHAEFH

i == 48 K 1 o AT

GeHE AR M ST AR R P IR S M T
LIS SR FBTRE RS U3t B L, S 45025 A
SEAERHE . AR SCHEST RO Z T, S 4 5 it )
BT A0 SRR AMHT AR ] AR o 12
2 T AL Ao A T 2 R RS OIS

AR SO th AT fe A, LR LA I O
HEAEL 5 41 00K P B A b &ML, 0 E 53 7
BT REE B R 5 FEARLAR BT R IR 01 1 o R 43 0
HALB,C.D 4, MR P i
3.1 BN THEN

SEFATAR ) S K F R RO TR RS 1 AR %
HOZE R A RO FEIR U4 A R

SETF GRS ROCHE RS H R 0 B8

;
M total ( 8 )

Ao LA S ARAR H B RE I AR A, A R B 43
B FANEB H AT 2 d W8 BEIR T IR 590 My N 5L
THREAS AR AR H OB BB IR PR A5 9L A—B W41
B REL M FETTREA 1 B R BN

13 B s A B R T AR 2580
PR ARHIE . &R 2R I AR A S 77K
ST AH B RS JLH AR D AR e ) E
I IR RS AT R AT Ry 35 . AR AR AL 1Y)
R , W SR S R A
R EEE . AR 5 v R SRR ) AE B AR
TEFTA ST RAL Y 1.4% F11.7% , BIVXUGE 5 K 2 R AR
AIRERIAS. AR MR ) SEGE 1 17K A—C,C—A
AR g 5 KSE B—D, D—B AR H % b5
FAHIE, HAEFTA R A h S Jm e D WA

14

L=

12

10 |

IR/ %

B 13 HRXNEBFENESH
Fig.13 Frequency distribution of wind resources
in East China
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resource grades in East China
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Table 5 Probability of wind resource level D in each

province on the same day and two adjacent days when
Shanghai station wind resource level is D %

X T2H T-1H T-0H T+1H T+2H
VLIR30 34.07 49.45 49.45 34.07 21.98

Wk 26.37 27.47 32.97 38.46 38.46
L 34.07 38.46 41.76 34.07 25.27

isyeso 16.48 21.98 26.37 38.46 34.07

x7 WIBBERNTRERADREEHARAE2 dXE
R4 D BIBEE
Table 7 Probability of wind resource level D in each
province on the same day and two adjacent days when
Zhejiang station wind resource level isD %

HIX T-2H T-1H T-0H T+1H T+2H

i3 38.46 38.46 32.97 27.47 26.37
VLI 29.67 25.27 23.08 19.78 24.18
LR 31.87 35.16 29.67 26.37 21.98
A 39.56 40.66 48.35 46.15 37.36

®8 RHUBHENEEERADHEELARIIE2 dRE
RER A DHIHEER
Table 8 Probability of wind resource level D in each
province on the same day and two adjacent days when

Anhui station wind resource level is D %
Hb X T2H T-1H T-0H T+1H T+2H
i3k 2527 34.07 41.76 38.46 34.07
YLk 32.97 40.66 54.95 46.15 29.67
Wk 21.98 26.37 29.67 35.16 31.87
ik 19.78 18.68 18.68 21.98 20.88
K9 BEHUNZRERZRADHMEZLEYHEAF2 dXE
TRE DR

Table 9 Probability of wind resource level D in each
province on the same day and two adjacent days when
Fujian station wind resource level is D %

HoIX T-2H T-1H T-0H T+1H T+H

[ 1337 3% 34.07 38.46 26.37 21.98 16.48
VLI 29.67 26.37 17.58 18.68 19.78
WLk 37.36 46.15 48.35 40.66 39.56
e 20.88 21.98 18.68 18.68 19.78

LAl N6 D 4424 H K&Ri)s 2 H
IRk D RSN 6 . & 6 nI4, 4iL
TRAFEIRAEGCR D I, B WL AR 3 LX)
GRS A S T 2 d AR B R .

*6 IHBHENBRERIDMESHLARMNE2 dRE
R&E A D IR E
Table 6 Probability of wind resource level D in each

province on the same day and two adjacent days when
Jiangsu station wind resource level is D %

Hb X T-2H T-1H T-0H T+1H T+#2H

g 21.98 34.07 49.45 49.45 34.07
iR bi) 24.18 19.78 23.08 25.27 29.67
LGl 20.67  46.15 54.95 40.66 32.97
Fickeiso7pily 19.78 18.68 17.58 26.37 29.67

WL R AR KUK IRAE SN D 44
MH ARG 2 d RBHIREHN D RN 7-3% 9
Jiin. HEE 7-38 9 mIAL HAE R A B T 280
RUFEIEAE T+1 RECFS WL, T DL AR 2R L X XL
YRR s AR ) VTR N R EAR A

VLR B AIZRE 3 DRI Y BE D BT ISE
PR FER KB Rl P . ANDUR R
X248 1 TR B AL, 2 KU IR AR [ AR AR
MU DX, Wi LA A R T 52 3 PR S R R S A
7 e e , FERE IR HAT R N o B BRSA1
HARRGHAMGRL, G518 i 3T HE R 1 DR g
IREEMATHENRE ST, s A v ) S SR LB e

4 Z5iE

ARSI 3 GE T R O Bl R AT i — 2
4, SEBL T AU OEAR B Al AR AL dB s T AR
AHTREIR T P E LR, D L I RS A AL TR 5
PIRAE T 2 H G . FEARIT .

1) 7 I g W o B3, XL L R P SR ) R
AR R ST A SR TR/ i DA PR X' A AT
T 4R i PR IR P e 22 4 (L A R R AR L Y
(BT BC B P AL TR AN

2) J 7S S RS, UL Bl e )
TR AR, B I 18 A 2 1 I R BT
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