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Analysis of Diamond Distribution Network and its Derived Structure with High-reliability
ZHANG Mingze', HUA Shenghui', LI Ao®>, WU Zhi*, LU Yuping’
(1. State Grid Shanghai Economic and Technological Research Institute, Shanghai 200000, China;
2. Southeast University, Nanjing 210000, China)
Abstract: Under the "dual carbon" context, new distribution networks will be developed in the direction of
adapting to the high proportion of renewable energy sources (RES). For meeting the requirements of high
reliability and total power supply capacity (TSC) of the new distribution system, the diamond - shaped
distribution network (DDN) is proposed in Shanghai based on its own distribution network construction.
However, there are limited studies on this network structure. In this paper, the structure of the DDN is
introduced firstly and, on this basis, a duplex-diamond-shaped distribution network is proposed. Then, the
fault isolation and recovery strategy is generated in accordance with the special structure of the DDN | the
reliability assessment algorithm that considers the high proportion of RES is set up and a TSC model of the
distribution system with RES on a time-of-day basis is proposed. Finally, the influence of access of large
scale renewable energy is analyzed.The reliability and TSC differences among the switch station single-loop
network, DDN, and duplex - diamond - shaped distribution network through specific examples is compared
through specific calculation example. The superiority of the diamond distribution and the proposed duplex
distribution network is verified .

Keywords: diamond distribution network ; reliability; total power supply capacity ; renewable generation
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Table 1 Parameters of diamond distribution network
LIS it 15 F S REDs LK Am || LRSS RN E S REDs A /km
1 1 2 0.2 17 19 20 0.2
2 2 3 0.3 18 20 21 0.3
3 1 4 0.2 19 19 22 0.2
4 4 5 0.3 20 22 23 0.3
5 1 6 0.6 21 19 24 0.6
6 6 7 0.3 22 24 25 0.3
7 1 8 0.6 23 19 26 0.6
8 8 9 0.3 24 26 27 0.3
9 10 11 0.2 25 28 29 0.2
10 11 12 0.3 26 29 30 0.3
11 10 13 0.2 27 28 31 0.2
12 13 14 0.3 28 31 32 0.3
13 10 15 0.6 29 28 33 0.6
14 15 16 0.3 30 33 34 0.3
15 10 17 0.6 31 28 35 0.6
16 17 18 0.3 32 35 36 0.3
FR2 FRBBIRMSEH
Table 2 Parameters of switchyard single ring network
B3l s R TREDS A3 49 5 LK Am || LGS GEREISY A3 49 £ LK /km
1 10 2 1 17 1 11 1.0
2 2 3 0.3 18 11 12 0.3
3 1 4 0.2 19 10 13 0.2
4 4 5 0.3 20 13 14 0.3
5 1 6 0.6 21 10 15 0.6
6 6 7 0.3 22 15 16 0.3
7 19 8 0.8 23 28 17 0.8
8 8 9 0.3 24 17 18 0.3
9 1 20 0.8 25 10 29 0.8
10 20 21 0.3 26 29 30 0.3
11 19 22 0.6 27 28 31 0.6
12 22 23 0.3 28 31 32 0.3
13 19 24 0.2 29 28 33 0.2
14 24 25 0.3 30 33 34 0.3
15 10 17 0.6 31 28 35 0.6
16 17 18 0.3 32 35 36 0.3
R3 WIRFREMSEH
Table 3 Parameters of duplex distribution network
Lk~ R TRED AT 19 K LK EAm | iR GETRENGY AR5 5 P km
1 1 2 0.2 17 19 20 0.2
2 2 3 0.3 18 20 21 0.3
3 1 4 0.2 19 19 22 0.2
4 4 5 0.3 20 22 23 0.3
5 1 6 0.6 21 19 24 0.6
6 6 7 0.3 22 24 25 0.3
7 1 8 0.6 23 19 26 0.6
8 8 9 0.3 24 26 27 0.3
9 10 11 0.2 25 28 29 0.2
10 11 12 0.3 26 29 30 0.3
11 10 13 0.2 27 28 31 0.2
12 13 14 0.3 28 31 32 0.3
13 10 15 0.6 29 28 33 0.6
14 15 16 0.3 30 33 34 0.3
15 10 17 0.6 31 28 35 0.6
16 17 18 0.3 32 35 36 0.3
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Table 4 Fault parameters of element

S8 EAQlEN
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Table 5 Reliability calculation results at different renewable energy penetration levels

— BT COUT. ) T i L T e 2 R )
- ’ ASAIL/% {E2 P ) /s ASAI/% {22 P ) /s

0 99.999 568 136.3 99.999 521 150.9

10 99.999 587 130.4 99.999 534 146.8

20 99.999 591 128.9 99.999 544 143.7

30 99.999 608 123.7 99.999 562 138.3
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Fig. 11 Maximum power supply ability comparison
without access of renewable energy at scenario 1
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Table 7 Results of investment calculations
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