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Research on the complex grid investment decision indexes system under the

integrated source-grid-load-storage environment
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(Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid Equipment,

Hubei University of Technology, Wuhan 430068, China)

Abstract: A complex grid investment decision indexes system is established from the single component and multiple
interactions of source-grid-load-storage. To take the interdependence and feedback relationships of the indexes on each
side of the complex grid into account, the ANP-EWM combined weighting method is introduced into the investment
decision, considering the preferences of decision makers and the information contained in the indicators. Firstly, the
unilateral indices of source, grid, load and storage in complex grids and the interaction indices considering grid-source
interaction, load-grid interaction, source-load interaction, source-storage interaction, load-storage interaction and
grid-storage interaction are proposed to establish the investment decision index system. Then, the ANP-EWM combined
weighting method is designed using game theory to assign weights to the indices. Finally, the overall utility value of the
project is calculated using the distance vector merging algorithm. Taking the IEEE 39-node system as an example, the
proposed method is compared with other weighting methods to verify its effectiveness.
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Figure 1 Source-grid-load-storage interaction diagram
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Figure 2 Three-dimensional structural model of source-

grid-load-storage evaluation indices
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Figure 3 Power-side investment decision indices
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Figure 5 Load-side investment decision indices
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Figure 8 Diagram of the projects to be built
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Table 2 Power side pending project data

TR AT HUER/ MW KA B Rk
Powerl 3 150 JAH, 1
Power2 8 200 JRH, 2
Power3 13 180 PIYIN 3
Powerd 30 150 etk 6

3 L RAMAZER A KE
Table 3 Grid side pending project data

I H H AR R AR
Girdl 2~3 2
Gird2 2~25 3
Gird3 6~7 5
Gird4 19~33 2

R4 G ATMAFER B
Table 4 Load side pending project data
B/ BUBE ST
P H FEA A
MW K- K-
Loadl 2 50 4 5
Load2 12 60 5 6
Load3 17 40 6 3
Load4 21 75 4 4

RS AR B A
Table 5 Energy storage side pending project data

o WA WESR/  BEI HAE  XH
Rt It H .

W (MWeh) /MW BLER J7 =
Storagel 3 55 20 4 g
Storage?2 8 60 22 5 Tk
Storage3 2 40 18 6 i il
Storage4 18 50 25 4 44 fit

1) $8 bR

FE A 3 i e AR T Uk TS A A i N 4
%) B A 6 B B2 28 BLAR AR o 1 Fo—~F5 i S48 b5
Av~AKH3E B AR 0 — Ak 5 1 45 $8 b 2% 6
IR EE R ML  Fi As Fos Fo Ay JFs1 Fas Fou,
Fa Fey BB /NIRRT 258647 1F 4k PR AT
H—1k.

2) 4R PR R B

ANP EWM 20 & W AEE B9 WAL 45 SR 181 9 i
N AL A AR A3 Y A th &4 T EWM A
ANP Z ], 5 b g5 B4 UL T LS RE 155k, 48
P BOME A2 Ak 5 45 K i EWM T H AR 45 K,
P 3 6 T8 b ) T AL AR ) ANP I T H AL R



9538 B 3 SRS A PR — P — g — i — A AL BRI T 52 2 e 0 B 6 D SRR R A R BT 9

AR, Hk B ENERRIOIFANRRIE AR &5 0T ANP IR, B oA 5 H bR
O G TR L X B A AT RE R AR A T AR EEAT A2 E S RO Y 4R AR 9 AR R O, 491 B Fu
DI — 4855 1 ANP FIEWM AL E 25 Rl g s FosFoFo Fos Fa Faso

F6 2B AR

Table 6 Normalized values of per indices

A fREIA Fy F, Fy Fy F; Ay A, A Ay
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Figure 9 The weights on each side of complex power grids
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Table 7 Integrated investment decision results for different assignment methods
Z5 1y BT
N AHP ANP EWM ANP-EWM AHP ANP EWM ANP-EWM

Powerl 0.307 8 0.3510 0.2518 0.306 3 4 3 10 6
Power2 0.084 3 0.006 3 0.152 0 0.073 7 16 16 14 15
Power3 0.307 1 0.336 2 0.2837 0.317 8 5 5 8 5
Powerd 0.300 9 0.306 5 0.312 5 0.302 2 7 7 3 7
Grid1 0.1110 0.050 6 0.112'1 0.064 5 15 15 16 16
Grid2 0.269 5 0.3614 0.290 5 0.347 6 9 2 6 2
Grid3 0.304 5 0.244 6 0.3107 0.256 5 6 10 4 10
Grid4 0.3150 0.343 4 0.286 7 0.3314 3 4 7 4
Loadl 0.284 7 0.264 1 0.2650 0.265 2 8 9 9 9
Load2 0.178 6 0.164 2 0.218 1 0.182 4 12 13 11 12
Load3 0.168 6 0.158 8 0.163 2 0.160 5 14 14 13 14
Load4 0.368 1 0.4129 0.3537 0.3919 1 1 1 1
Storagel 0.2651 0.196 5 0.2170 0.201 5 10 11 12 11
Storage2 0.172 4 0.177 3 0.1419 0.168 9 13 12 15 13
Storage3 0.2057 0.332 6 0.3349 0.3329 11 6 2 3
Storage4 0.356 8 0.293 6 0.306 2 0.296 7 2 8 5 8
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