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Fig.1 Flow chart of optimization model solving

for energy storage system planning on user-side
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Fig.2 Schematic diagram of basic method for

energy storage planning
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Tab.3  Costs and technical parameters of

energy storage battery
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Fig.4 Load curves before and after peak shaving
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Tab.5 Placement results of three comparison schemes

for Li-ion batteries

S FE— HEZ HE=
P, /MW 2.60 2. 60 1.95
E, ./ (MW :h) 1.77 1.77 1.80
DoD,, 0.8 0.8 0.5
HAE/ 1T 56.53 29.97 13.57
AP N/ A 6.28 6.28 11.15
T,/% 15 8.97 15
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Fig.5 3D surface of user-side related energy storage quota
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Fig.6 Two dimensional weighted curve fitting results for

user-side related energy storage quota

6.2.2 fEREERMALLEL

(1) SRt gy it 8o 2k TRENS BF- 22, 50 5
T SRR AAH I, AR SCHA R 400K Tl A
FUERBIE A 250 LLTE 20% 2245

(2) MUE A G BE L5 B HRAn oy (328 R 17 fif U
JEFRIR) 7E 10% ~ 15% B}, fiff e e 4 22 L L A, 7E
40% ~60% 2 [0] 3 24 x, £ 15% ~25% 5, FL Lt A, 7
10% ~30% Z [] ; 24 x, 7E 25% ~40% W}, Bl kb A, 1B
2% ~18% 2 |f],

(3) —MCIE LR, AT 43 T F P Hkd | 7 A i
LRSI HL A B TR AR AR G B R A A bR, SRR
K (30) THAEMHREIE 22T I,

7 #ie

AR PE HL P {00 s R L U e P L P S
RN kAT 19T

(1) A7 ] A R BCA T 5 ik R R i A v AL 2 e
RO R BT IH Rz 17 4840 9% 2 20M [a]
W 2R 50 v b g i DA AR R A BR )

(2) 4R T Bl fa e 207 i DA R Ay
SRAR B L At e P 5 DG T HRL AR J3E G 34 75 i (14 1
C

(3) M HEBUA B A 7 ik g e R e XU
RS 1A AT 7 1 O EDUL TR DR A

e, BT AEse PRl s i i, RO 4R 1T AR Y
AT RS 57wl A B R 3 58 TR =AY
AR TRV AT 58 SR AR

(4) BIXHE T S it e LI r B2 FH B4 ek e
W R T RN & B TR AR O R AR A
ANAHET Ik,

(5) FBIZER R

1) TR = P o F 14 fidh B P Tt T
AL RAFBOR A AR, X2 P S P o P B
BB 1 R R R ST A £ BT Rl R e ) R
TS B T S AN BRI SO, R 2R
R P Bl B A 22 150 LU AE 209% 7oA (Bl fif
AE R GUNAS BB Wl N 2 IE L 2 A T ok ) 5 R
PHAE 205375 2 1 084 22 1E L -5 97y W RE S5 A
RN SR S HE AR B — B e R A

2) Ko it FEL b I R TR BE T A ik T E L Y
DEAGHC PRI A5 H Ak BB PR 1t A9 52 Pl FH AR BR , AN
% ST L TR E DAL B A RE LA D7 5 mT R AR S TTH3R.
IR ORI IRE

S ZHk (References) :

[ 1] FEMA, RN, REMEAR. R A REH AR TE L T &

SR AT T [T]. RS A S, 2013,
37 (1) 3-8, 30.
Wang Songcen, Lai Xiaokang, Cheng Shijie. An analysis
of prospects for application of large-scale energy storage
technology in power systems [ J]. Automation of Electric
Power Systems, 2013, 37 (1). 3-8, 30.

[ 2], IMBE, RREIH, 4. StRebml iy L 4 vl 748 fg

BRAGRGIEREA UL E 75 (1], A Res
AR, 2021, 40 (3). 22-31.
Zhou Ping, Sun Yue, Kang Peng, et al. Optimal hybrid
energy storage capacity configuration for CSP integrated
power systems with high renewable energy penetration
[J]. Advanced Technology of Electrical Engineering and
Energy, 2021, 40 (3). 22-31.

[ 315k, M, R/NRE RRREHORTER I RGE P L
A O[J]. mREA, 2008, 32 (7): 1-9.

Zhang Wenliang, Qiu Ming, Lai Xiaokang. Application
of energy storage technologies in power grids [J]. Power
System Technology, 2008, 32 (7). 1-9.

(41 Adh, Kb, Bk, 55 BFaelm I R0 nokae
FARW IR LR [J]. TR B H AR, 2014, 33
(3): 53-59.

Cong Jing, Song Kun, Lu Haiwei, et al. Review of energy
storage technology for new energy power system [J]. Ad-

vanced Technology of Electrical Engineering and Energy,



78 MO RE BT B R

CIEVECI AR U

2014, 33 (3): 53-59.

[ 5] Oudalov A, Cherkaoui R, Beguin A. Sizing and optimal
operation of battery energy storage system for peak shaving
application [ A]. IEEE Lausanne Powertech [ C]. Lau-
sanne, Switzerland, 2007.

[ 6] BUkH, FRE, EME, 55 7R A -

MEFE R RSE A=Y [J]. B RS AIL,
2012, 36 (11):. 50-54.
Yan Zhimin, Wang Chengmin, Lian Hongbo, et al. Ca-
pacity plan of battery energy storage system in user side
considering power outage cost [ J]. Automation of Electric
Power Systems, 2012, 36 (11). 50-54.

[ 7] Ti&fy, t&7%F1h, BWE, % FHEF=EMNHP

DURERE L L BC & [J]. AR, 2019, 43 (4):
1179-1186.
Ding Yixing, Xu Qingshan, Lv Yajuan, et al. Optimal
configuration of user-side energy storage considering power
demand management [ J]. Power System Technology,
2019, 43 (4):. 1179-1186.

[ 8] whiely, WAL, skif, % T IR 09 HL b Ak

RERA LV ETETIE (1], RIAREAH, 2014,
35 (9): 1634-1638.
Han Xiaojuan, Tian Chunguang, Zhang Hao, et al. Eco-
nomic evaluation method of battery energy storage system
in peak load shifting [ J]. Acta Energiae Solaris Sinica,
2014, 35 (9): 1634-1638.

[ 9] FBAAL, XV, SWarAk, 2. AS[A] L2 A = 0 i e A
B S T e s [J]. "R, 2020, 44
(11): 4245-4253.

Guo Jiuyi, Liu Yang, Guo Yanlin, et al. Configuration e-
valuation and operation optimization model of energy stor-
age in different typical user-side [ J]. Power System
Technology, 2020, 44 (11). 4245-4253.

[10] =hwt, T, e, S5 BT RUZ AR A FH P

REMEREM LB BT [J]. HEER ¥ 5 A,
2022, 11 (2): 615-622.
Guo Bin, Xing Jie, Yao Fei, et al. Optimal configuration
of user-side hybrid energy storage based on bi-level pro-
gramming model [ J]. Energy Storage Science and Tech-
nology, 2022, 11 (2). 615-622.

(1] whibely, Fak, #RW, 5. 3 Sl il 75 d 9 1R

ARRERS A BT [J]. R TR,
2013, 33 (34). 91-97, 16.
Han Xiaojuan, Cheng Cheng, Ji Tianming, et al. Capacity
optimal modeling of hybrid energy storage systems consid-
ering battery life [ J]. Proceedings of the CSEE, 2013,
33 (34): 91-97, 16.

[12] Tran D, Khambadkone A M. Energy management for life-
time extension of energy storage system in micro-grid ap-
plications [J]. TEEE Transactions on Smart Grid, 2013,
4 (3): 1289-1296.

[13] F/RIG, AV, &K, ¢ B AEr R 6F RESOAR N

PRI B i PG T ik 250k [T]. R TR S
#iz, 2013, 33 (7). 3341, 5.
Wang Chengmin, Sun Weiqing, Yi Tao, et al. Review on
energy storage application planning and benefit evaluation
methods in smart grid [ J]. Proceedings of the CSEE,
2013, 33 (7). 33441, 5.

Segment-by-segment power peak clipping based heuristic method for optimal
sizing of energy storage systems on the user-side

GAO Guangshuai', LI Xinguo’, ZENG Haiyan®, LI Wei’, WANG Zhuding'
(1.State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
( Chongging University ) , Chongqing 400044, China;2.Wuhan Power Supply Company of State Grid
Hubei Electric Power Co., Ltd., Wuhan 430012, China)

Abstract; In this paper, the practical methods for the optimal placement of energy storage systems on the user-side
are studied. The model goal is to maximize the net profit of energy storage system placement or to minimize the total
cost, which involves the arbitrage of low storage and high generation and power demand adjustment gains, as well
as the optimal discharge depth optimization of energy storage systems. For practical planning purposes,an analytical
based solution method of segment-by-segment power peak clipping is proposed for the model, which involves the e-
numeration of peak clipping size and discharge depth. Also the reasonable index design is presented for the research
on energy storage quota rule. The calculation examples show the research significance of optimizing the discharge
depth, and show that the proposed practical method is intuitive, concise, fast, stable and practical.

Key words: energy storage system sizing on the user-side; segment-by-segment power peak clipping method; dis-

charge depth optimization; energy storage quota rule



