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A planning method of dynamic energy storage configuration in an active distribution network

SHANG Longlong?, WEI Bihui?, WANG Wei?, XIONG Xiaofu?, CI Hai?, LI Jian!, CHEN Xingtian3
(1. Shenzhen Power Supply Bureau Co., Ltd., Shenzhen 518000, China; 2. State Key Laboratory of Power Transmission
Equipment & System Security and New Technology (Chongging University), Chongging 400044, Ching;
3. Chongging Yuanhu Technology Co., Ltd., Chongging 400030, China)

Abstract: The load and distributed generation output in an active distribution network have obvious cyclical variation
characteristics. The existing energy storage planning methods for active distribution network always output a storage
configuration with fixed installation location and capacity. There is still a large space for energy storage to fully exert its
flexibility and value to the distribution network. This paper proposes a planning method of dynamic energy storage
configuration in an active distribution network. Through this method, the energy storage devices are dynamically
allocated between different operating scenarios of the distribution network regarding varying load demands as well as
distributed generation outputs. The access points, capacities and operational modes of energy storage devices in different
scenarios are taken as the decision variables, the maximum comprehensive economic benefit brought by energy storage is
taken as the objective, and thus the Mixed-Integer Second-Order Cone Programming (MISOCP) model for dynamic
energy storage configuration is constructed. Taking the IEEE 33-node system as an example, the feasibility and
effectiveness of the proposed method are verified. The proposed method can be treated as a useful expansion to the
flexible operation of an energy storage device, through which the energy storage can serve well for various operating
scenarios of the active distribution network and thus its value can be fully developed.
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WA WA i MEPUQ N FkwW FEE/km
0 1 0.0922+j0.047 100+j60 0
1 2 0.4930+j0.2511 90+j40 1
2 3 0.3660+j0.1864 120+j80 3
3 4 0.3811+j0.1941 60+j30 4
4 5 0.8190+j0.7070 60+j20 5
5 6 0.1872+j0.6188 200+j100 7
6 7 0.7114+j0.2351 200+j100 8
7 8 1.0300+j0.7400 60+j20 9
8 9 1.0440+j0.7400 60+j20 10
9 10 0.1966+j0.0650 45+j30 11
10 11 0.3744+j0.1238 60+j35 12
11 12 1.4680+j1.1550 60+j35 13
12 13 0.5416+j0.7129 120+j80 14
13 14 0.5910+j0.5260 60+j10 15
14 15 0.7463+j0.5450 60+j20 16
15 16 1.2890+j1.7210 60+j20 17
16 17 0.3720+j0.5740 90+j40 18
1 18 0.1640+j0.1565 90+j40 19
18 19 1.5042+j1.3554 90+j40 4
19 20 0.4095+j0.4784 90+j40 5
20 21 0.7089+j0.9373 90+j40 6
2 22 0.4512+j0.3083 90+j50 7
22 23 0.8980+j0.7091 420+j200 4
23 24 0.8960+j0.7011 420+j200 5
5 25 0.2030+j0.1034 60+j25 6
25 26 0.2842+j0.1447 60+j25 7
26 27 1.0590+j0.9337 60+j20 7
27 28 0.8042+j0.7006 120+j70 8
28 29 0.5075+j0.2585 200+j600 9
29 30 0.9744+j0.9630 150+j70 10
30 31 0.3105+j0.3619 210+j70 9
31 32 0.3410+j0.5362 60+j40 10
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Table 2 Time-of-use tariff for customers
I B i i) HL 1/ (FT/KWh)
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19:00—22:00
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Fig. 4 Topology of IEEE 33-node distribution network
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ARCE T AW FE R W ARE W] LAEGIE, A
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3 HXIZER
Table 3 Planning results

ZF il P25 (10 MW) S (10 MWh)
15 0.0135 0.1030
1 30 0.0127 0.094 1
31 0.0139 0.102 9
15 0.010 0 0.078 9
17 0.010 0 0.058 6
2 30 0.010 0 0.074 4
31 0.010 0 0.088 1
15 0.010 0 0.078 9
17 0.010 0 0.065 3
3 30 0.010 0 0.074 0
31 0.010 0 0.0818
15 0.010 0 0.083 6
29 0.010 0 0.0499
4 30 0.010 0 0.0793
31 0.010 0 0.087 2
Eibs 30 0.0200 0.1813
fic & 31 0.0131 0.118 7

4 ZEip

fifi it KACE BRI AR AL RedE B 1w 3h it
B, B A BT R I RE, A
M ADN H L fir () SR RS RS ARRAE R, A
B T AERES AT ERRITTE, 4R A 9h
/N
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B W, fEERerE S M PR R KIE
HArfE-

2) LA REAEAC H X B s i e K9 H A, 3655
JEHC HL IS AT IS D 3P4 ZRBR B AT UL
LIRS REISAT AL, B T iR s SR E
(R & B LRI (MISOCP) 1A

3) S AR, i e B N Bl I Bhas b
AT R DX FRAL A AT, T A R AR F ) DX 45 e
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