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A source-network-load-storage collaborative planning model for a distribution network
considering low carbon and economy
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Abstract: To strengthen the bidirectional supply-demand support capability at the distribution network level and achieve
more refined planning under the “dual-carbon” target, this paper proposes a source-network-load-storage collaborative
planning model of distribution networks, considering both low carbon and economy. First, the sequential characteristics of
source and load output and load demand response are described. Second, a three-layer planning operation model of
source-network-load-storage is established by combining multiple flexible resources and active management measures.
The upper planning layer selects the location and capacity of the source, network and storage based on the principle of
low comprehensive cost and low carbon emission. The middle scheduling layer optimizes the output scheduling of the
main body of the source, network, load and storage, guided by the “dual-carbon” policy, economic operation and voltage
quality. The lower reconfiguration layer reconstructs the network topology to minimize active power loss on the network
side. Then, according to the characteristics of the model, the upper and middle layers are solved by the improved
non-dominated sorting genetic algorithm-II (INSGA2) and the fuzzy membership degree method, while the lower layer is
solved by an improved genetic algorithm (IGA). Finally, a case study is conducted using real data from a northwestern
region of China. Simulation results show that the proposed method can adapt to the “dual-carbon” target, improve the
economy of planning and dispatching, determine optimal active management strategies, provide effective peak shaving and
valley filling, and optimize grid structure.
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Table 1 Equipment related basic parameters
e e MR E
BUE D)% P A BYUERA
e BES ’ Kt/
WG 180kW/&  0.95 63 Jizt/& 0.35 Ju/kW 3
PV 140 kW/& 0.98 100 7iot/&  0.35 Jo/kW 3
CB 10 kvar/4 —  0.06 5B/ 0.35 jt/kvar 3
SVC z23:75 4 FFR 300 kvar 250 JG/ kvar ~ 0.35 JG/kvar 3
BESS 100 kW/& 1.0 96 iTt/& 0.35 Ju/kW 3
R2 ZRBSSH
Table 2 Line model parameters
S PHPU(QAkm)  REHIRV/A B 0/km)
1 0.46+j0.31 235 1.44
2 0.33+j0.38 345 2.34

3 0.28 +j0.385 460 3.60

FES B

0.8 I L L L Ll L Ll L Ll LA LLhd AR LRl AR LLbbl AR RELbl AR LELbl LA ALl LA ELLbl R L

o) HHH

0.6 ]

05F 3

B /(7T/kWh)

04 F 3

AU

02 :nm FYY RPN FYRTY FEYTY PYYY FYRTY PYVTI FYYE IYRTY PYUT FRVYY (RNTY PUUTA CRVTE CRATY POUTI POUTY

L Lol b b b i
0123456789101112131415161718192021222324
I Bt /h
4 Mg Mk E

Fig. 4 Electricity purchase price curve diagram
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FEVRM, DG SNBEFRN 44.15%, EIHIZIE
$195.02%, WG 7E 4 N ZE T [PITH AN 70 518 94.92%
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Table 3 Distribution network planning results of

the proposed model

PHEFERD B

FURI N 25 PRI 25 wEIE R
WG ) 22(2) 30(1). 31(3) 29.57
PV ikHECEE)  6(1). 26(2)~ 29(1) 31.29

LEALS) 1202 2-3(2)- 3-4Q2) 0.31
CB k(%) 5(8)~ 7(5)~ 9(25) 0.18 100.30
SVC b CE R 11(234) 27(267)- 40

30(215)

BESS iEh-(3E)  12(2). 14(2). 30(1) 37.55
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Table 4 Scheduling cost of the proposed model distribution

® 4 ASCEBIECEE ALK 75 REVEE A

network planning scheme

VA FE AR TG 76 SR
WG PV FHFR It 4 CB SVC OLTC BESS
6233 5345 6.82 585 733 75.14 11745 1.10 17.71 347.17

5 AMRAECR WAMKI S ROEMRAE

distribution network planning scheme

Table 5 Reconfiguration cost of the proposed model

TR RA T 70

g H IENS

AR TG

582.60 0.80

583.40

*® 6 AXIEBFREMER

Table 6 Reconstruction results of the proposed model switch

Z BHEA,  BFIRETH
- N
L B W I 5% o .
o Jigt FE/MW
9-10. 25-26. 32-33.
[1,6]
8-21. 12-22
5-6. 9-10. 25-26.
[7.11]
30-31. 12-22
#
5-6. 12-13. 12-22.
[12,18]
18-33. 25-29
5-6. 9-10. 12-13.
[19,24]
30-31. 25-29
10-11. 13-14. 7-8.
[1,5]
30-31. 25-29
4-5. 10-11. 13-14.
[6,11]
=l 25-26. 30-31
[12,17] 4-5.7-8.13-14.17-18.21-22
7-8. 10-11. 13-14.
[18,24]
18-33. 25-29
4-5, 11-12. 14-15. 0.80 34.27
[1,8]
25-26. 30-31
9-10. 14-15. 7-8.
[9,15]
30-31. 25-29
K
7-8. 14-15. 21-22.
[16,20]
25-26. 30-31
7-8. 11-12. 30-31.
[21,24]
12-22. 25-29
7-8. 9-10. 21-22.
[1,4]
28-29. 30-31
8-21. 12-22. 18-33.
[5,10]
30-31. 11-12
Z3
13-14. 8-21. 12-22,
[11,16]
18-33. 25-29
7-8. 13-14. 28-29.
[17,24]
31-32. 8-21
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Fig. 5 Wind abandonment of node-22 wind turbine
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Fig. 9 Energy storage charging and discharging

situation of node 12
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Table 7 Carbon emissions and comprehensive costs of distribution

network planning results under various schemes

UES BRAF B/ LRE AT TG
1 9872.29 1030.87
2 7675.79 1195.05
3 10 702.15 1012.32
4 9902.77 1047.55
5 11558.23 1043.18
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Table 8 Distribution network planning results of various schemes
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PV i&hk(H ) 6(1)~ 29(1)
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Table 9 Comparison of voltage quality of various schemes
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