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Fig.2 Solving flow chart of energy storage system
optimization configuration model
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Table 3 Energy storage optimization configuration results

e SR SN KL/ MW 1?.2%57%521-?/ %E%ﬂjﬁ%ﬁé/ m@ﬁ;!iﬁi%z!-‘/ ﬁﬁﬂﬁ%ﬁ’j{lﬁ(ﬁ/ IWﬁU%&%I&E/
1 15 0.37 48.017 0.447 — 19.192 —
2 14 0.11 14.057 1.088 0.033 — 4311
3 19,25,30,32,33 0.10 12.758 0.101 — 4.183 —
4 7,13,18,20,30 0.35 45.729 2.014 0 — 5.338
5 14 0.41 52.907 0.519 — 21.434 —
6 21 0.08 10.849 4.235 0 — 3.916
7 3,10,18,21,32 0.16 20.438 0.172 — 6.966 —
8 16,21,27,32,33 0.40 51.919 4.473 0 — 5.012




AR S A TRBCH M R AR RESUZ R A DAL BC L T 115

0.15 - e
0.10 H 21

T RS
0.05 |- i 429 /ﬁ
— i Ri3l
0

=
=
-0.10 +
-0.15 |-
7020 ! ! ! ! |
0 5 10 15 20 25
t/h

4 BIEE K 50%H Y fik RE FE AL PR TH K H 2k
Fig.4 Energy storage and discharge power curve
when the penetration rate is 50%

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

1 1 1 1 J
0'10 5 10 15 20 25

E../ (MW * h)

B 5 BiERNA 50%THfiFBE BE 2 # £k
Fig.5 Energy storage energy curve when
the penetration rate is 50%

6 Sy R ZI145% A BEHITJS 191 s sl £k
LA ), BB B 45 AR B 20 A =0 H 546 8 1 R
P ENE R G E N S T HRE AR,

07r KRR
10.6 — BfERE S
10.5
10.4

HLE/ kV

0 5 10 15 20 25 30 35
RS

B 6 HEZHENERERET REEMLZL
Fig. 6 The voltage curve of the node before
and after the energy storage

4 &g

BT 3R RS TEC FL 0 4 3 22 5, Al s
Al 5 LA et P A A [ s ] ROE ) G 1 I

SERE T 1%, IS 1AL 8 4T AR T )2 THT F) S 20
DUACHE B, X B Rl s T &% H
PRSI [ B R FHTASE ADLAR SR 3k 1 b 5K ik 4 A1
L5 B HIBUZ SR T EE SR B, TR B 1 R A XUZ
RRAE S TR B 55 B[] (9 20K, 18 & T R MR TR
FRBOUZ AR BT 4580 F: (1) fHfE
G RNC B AR P G BRI BB 5 (2) BB A
LIRS I ARG, Ak BE 10 B0 B 7 O OR [A) 45 4
T, BERAGEBE A — A BT AT LA X 5% 23 A 3 H P
3 I; (3) FEREAYIZ AT HEm il ULRUE Gk RE FE A

JEE A K i
S 30k :

(1] ERR,FMEI, A 7,5 B REHL I A BEB AR N T AL
BHRGE G IR [T ] b E L AR 24, 2013(7)
33-41.

WANG Chengmin, SUN Weiqing, YI Tao, et al. Review on en-
ergy storage application planning and benefit evaluation methods
in smart grid[ J]. Proceedings of the CSEE, 2013(7) : 33-41.

(2] X, FH 5, Hars, 2. 25 B GUR DE A il A XIS

PIfHRERC ELL ). HURIEAR ,2015(4) : 1019-1025.
YANG Yugqing, NIU Liyong, TIAN Liting, et al. Configuration
of energy storage devices in regional distribution network consid-
ering optimal load control[ J]. Power System Technology, 2015
(4):1019-1025.

(3] 1 EMG, TR, PMEISR , 45, kT4 7 i JE] A A 1) T rl, )

FHHIMAARER SR NI E [J]. IHAR,2015(1) « 264
-270.
XIANG Yupeng, WEI Zhinong, SUN Guoqiang, et al. Life
cycle ost based optimal configuration of battery energy storage
system in distribution network [ J]. Power System Technology,
2015(1) ; 264-270.

[4] Bt ST, BN, 2. BT p— A RO IS 19 & MU

WGE L ) R Gt/ M RE D R B B T[T Hh E E L LR
i, 2013(13) . 45-52.
LI Jinghua, WEN Jinyu, CHENG Shijie, et al. Method of mini-
mum energy storage power allocation for electric power systems
with large—scale wind power based on p—efficient point theory
[J]. Proceedings of the CSEE, 2013(13) . 45-52.

[S] M2EAR, £33, %1 . R—Je—HR & W 1 KRG AR

R 5 4 [T]. s R4 A 34,2011 (20) : 13
-19.
MEI Shengwei, WANG Yignying, LIU Feng. A game theory
based planning model and analysis for hybrid power system with
wind generators-photovoltaic panels-storage batteries[ J]. Auto-
mation of Electric Power Systems, 2011(20) ; 13-19.

(6] Eruli, T ¥, W 12,5 Fi TP A AR IR A E R ek
BSRIRERE R G A WAL ik [T, E L LA R,
2012, 32(16): 1-8.

WANG Chengshan, YU Bo, XIAO Jun, et al. Sizing of energy
storage systems for output smoothing of renewable energy

systems[ J]. Proceedings of the CSEE, 2012, 32(16): 1-8.



116 2 HEHEAR

(7] T 5t BB, 2780, 4. T TR IR S i BE R T
FRRE L] P ERALLARYR,2012(28) « 27-35.
YAN Gangui, FENG Xiaodong, LI Junhui, et al. Optimization
of energy storage systems capacity for relaxing peak load regula-
tion bottlenecks[ J]. Proceedings of the CSEE, 2012(28) ; 27
-35.

[8] MM, Wb R IGE, BXE MY, 5. AT R 5 2% iy 3 A5 2008

IRTE it RE R G W E ik [T ] E L LR 4R,
2013(4) ; 25-33.
LIN Shaobo, HAN Minxiao, ZHAO Guopeng, et al. Capacity
allocation of energy storage in distributed photovoltaic power
system based on stochastic prediction error[ J]. Proceedings of
the CSEE, 2013(4) . 25-33.

[9] #RJR, 3¢ #,San Shing Choi, 4F. 2T LR 7k Ak
LML PR S RE A i L B LT). I RGBS
1£,2015(8) : 19-26.

SUN Chengchen, YUAN Yue, San Shing Choi, et al. Capacity
optimization of hybrid energy storage systems in Microgrid using
empirical mode decomposition and neural network[ J]. Automa-
tion of Electric Power Systems, 2015(8) : 19-26.
[10] 0 %I AR, 80 .5 ZIRCLMERERENZ A
PRI ELT]. &R 58 A 8k, 2014(18) : 46-52.
YOU Yi, LIU Dong, ZHONG Qing, et al. Multi-objective op-
timal placement of energy storage systems in an active distribu-
tionnetwork[ J]. Automation of Electric Power Systems, 2014,
38(18) :46-52.
[11] BUEEL TARR, M, 4. TF sk i A 9 F - U # H
HWAERE RS A MK T]. ARG A SME, 2012(11) : 50
-54.
YAN Zhimin, WANG Chengmin, LIAN Hongbo, et al. Capac-
ity plan of battery energy storage in user side considering
power outage cost[ J]. Automation of Electric Power Systems,
2012(11): 50-54.
[12] ZEPHFE, 9k, Il R 1, 4. it R O L I B G e () 023 A
[J]. ® Sk ,2016, 37(9) .70-78.
LI Dandan, SU Xiaolin, YAN Xiaoxia, et al. Principal prob-

lems of energy storage optimization allocation [ J]. Electric
Power Construction, 2016, 37(9) :70-78.
[13] 3CE AR, I KUOB S RGERC BT E R i [T ],
VLR AL LA, 2008, 27(6) :34-37.
PAN Wenxia, XU Caihua. The configuration simulation and a-
nalysis of hybrid diesel-wind-solar-battery power systems on i-
solated islands[ J]. Jiangsu Electrical Engineering, 2008, 27
(6) :34-37.
SREE B, PRI, S TA i RE R TR EE O
RAGBITIARm B [T]. B TREA, 2017, 36
(3) :50-56.
ZHANG Guoyu, HONG Chao, CHEN Dulin, et al. Operation

[14

(I

optimization of photovoltaic-energy storage hybrid system based
on scheduling of battery energy storage system [ J]. Electric
Power Engineering Technology, 2017, 36(3) :50-56.

[15] LEOU R. An economic analysis model for the energy storage
system applied to a distribution substation [ J |. International
Journal of Electrical Power & Energy Systems. 2012, 34(1) .
132-137.

[16] Gurobi Optimization, Inc. Gurobi optimizer reference manual,
version 5.6 [ EB/OL]. [ 2013 - 01 — 01 ]. http: // www.

gurobi.com.

TEH RS

& OWH1972—) 5 TLIRE N SR L
RN, N ) RGN H B SRS A T HR
BT AF (E-mail ; yutao@ js.sgce.com.cn) ;

o RI(1991—) 4 TEIREEVI A B
S84, DA TC A R R BE 58 AR ((E-mail ;
yuanjian@ jspdi.com.cn) ;

2 FH1988—) B, ZmERA, L#
Uiir, DA ZEE Fi, PO R F 92 LA (E-mail : yanyang
@ jspdi.com.cn) ;

BTEIR(1989—) 35 VLIRH N, ARG, N 1 R K
H A 58 TAE (E-mail : 731596683@ qq.com) |,

A Two-layer Detailed Optimization Allocation Method of

Energy Storage in Active Distribution Network
YU Tao', YUAN Jian® , YAN Yang® ,ZHAO Qingyuan'
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Abstract: A two-layer detailed optimization method is proposed for the allocation of energy storage capacity and location,

combining the distribution network operation and planning. A two-layer planning model is established and the corresponding

solution method is proposed. The configuration results are obtained by optimizing the solution. The allocation model takes the

cost of active distribution network as the goal. Different cost-economic models were made for different energy storage investors,

realizing differentiation goal optimization allocation. As for the distribution network with high penetration of distributed power,

the proposed method can solve problems of low qualified rate of distribution network voltages and waste of renewable resources.

Therefore, the reliability and power quality of the distribution network can be improved effectively.

Key words: active distribution network ; energy storage allocation; detailed optimization; two-layer model; differentiation goal
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