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Adaptability evaluation of new energy power systems based on game
theory and an improved cloud model

TANG Mingrun', LI Ruoyang®, CHENG Xiaoyu®, DAI Xinyin', YU Xuefeng', YANG Shuxia'
(1. North China Electric Power University, Beijing 102206, China; 2. State Grid Beijing Electric Power Company,
Beijing 100054,China; 3. Beijing Guodiantong Network Technology Co., Ltd., Beijing 100071, China)

Abstract: Developing new energy power systems is essential for achieving the dual-carbon goal. Therefore, it is of great
significance to evaluate the adaptability of new energy power systems in specific conditions. First, the influencing factors
of adaptability in new energy power systems are analyzed. Based on the characteristics of the systems, an adaptability
evaluation index system is established, comprising three primary indicators, i.e., grid structure, economic efficiency, and
energy structure, along with 15 secondary indicators. Second, a combination weighting method based on game theory is
proposed, integrating three objective assignment methods: the entropy weight method, CRITIC method, and the
coefficient of variation methods, to obtain the optimal combined weights. Third, an improved cloud model is proposed to
overcome the randomness of the indicators. The cloud model is improved using the combined weights to evaluate the
adaptability of new energy power systems. Finally, a case study is conducted on the distribution network in area A of
China to verify the accuracy and validity of the proposed evaluation model. The findings provide reliable
recommendations for identifying system vulnerability and improving the adaptability of new energy power systems.
This work is supported by the National Natural Science Foundation of China (No. 72074074).
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Fig. 1 Flow chart of positive and negative cloud generator
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Table 2 Standard cloud model parameters
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Fig. 3 Standard cloud model diagram

1) Hfabr 2 (8] RBRFE FE BURI, RAF =
FVERR AR, B A E R = BRI R,
HHEA XM 12)FR.

Ew+E w,+-+E w,

1.0 1.5

E =
W W, + W,
Ew'+E w’ +-+E w?
En= nl’"1 n2""2 na’a (12)

2 2 2
woHEwW, W,

2 2 2
% :He1W1 +H,w,”+--+H, w,

e

wlw) et w?
K w, N a MEFZEEIE; o HIPAGTER
MaANEG E . E MUH 5351095 a MEFRIIH
B, EAEREE.

2) Mfabr 2 AR R FE A i, SR 25
mEERR M, HEA A3,

E - EE w +E,E ,w, +---+EmE"awa
Ew+E . w,+--+E w,
E, =Ew+E,w,++E w, (13)
H = HelEnlwl +He2En2w2 +"'+HeaEnawa
¢ Ew +E w,+-+E w,

SF LA, SR
MR RE, dnlEl 4 Fros.

VR 7] R G M



- 46 - o) R R HiEH

[ st R R |

|

T

| BN R A |

l

| mmeEpim |

HE IRz

TR T et A
AL PEAE BT

—

AHBIX B R 2
HIvEA 25

v

AL LR 2R
WA BT

[AN e

& 4 FEERE N ARGENITREIRE
Fig. 4 Adaptability evaluation process of the
new energy power system

3 EHGIoHh
3.1 ERiBUEMIARIEE

ASCUAFRE A HuX E A, HEE 2020—2022
HE 3 AEIBER AT M . 2% X R AR E T AR A
1067 km®, fte AL 41.86 A, A HiX A
110 KV HM&5H), CLRIAZE R, AR5
ST B 110 kV AR Hh 3t 9 g, AR R At
24 &, RMAEE N 1100 MVA. 110 kV £k %3 270 4%,
MAKE R 2600 km, H ALK EE N 1257.36 km,
44K 2 854 km.

TEA RN A B2, L ) & Fh S ORI AH
MARMMEA S ARKMZER, Fi, AR OEF—
A FOR T E AN VP R AR, REEEEARIE R
A7 FF S SRS B TR BB, B 13: 00—14: 00, *%fiX 3
SR H R EAT B S . R 3EART 3 A
A HMEAE, DN RS
3.2 B EITE

1) ERGER B R . e brEdE T 5 — b
B, UFEARAREE, FARYE R A e b
FIRLEE, WK 4 Fiow.

2) AP S REEAE 45 R . H Matlab F 43K H
Fa bR A () 2 R B RN AR AL, Wk 4 iR

=3 BAAKE
Table 3 Typical daily data

. Ei= YN JRH 1 R H 2 HHH 3
4 97% 89% 81%
4, 95.12% 97.86% 99.97%
4, 69% 58% 51%
A, 58% 65% 39%
A 80% 75% 72%
B, 90% 86% 67%
B, 90% 88% 55%
B 80% 97% 52%
B, 72% 64% 50%
B, 87% 80% 61%
C 39.20% 46.80% 53.80%
c, 47% 57% 61%
C, 1% 1.5% 2%
C, 10.18% 160% 300%
c 033t 0.23 t 0.45t

*® 4 BENMIERE

Table 4 Evaluation index weights for adaptation
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Table 5 Cloud digital features for secondary indicators
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Table 6 Cloud digital features for primary indicators
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Fig. 6 Evaluation cloud images of primary indicators
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Fig. 8 Comprehensive evaluation cloud image of traditional
cloud model, informativeness method, and fuzzy

comprehensive evaluation method
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