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Multi-scenario user-side energy storage capacity optimization configuration
considering social development
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Abstract: Energy storage on the user side has been widely considered and used in recent years because it can effectively
transfer load, reduce the difference in power consumption between peaks and valleys, and reduce user electricity costs.
However, because the energy storage system itself is relatively expensive, how to optimize the allocation of energy
storage capacity has become one of the key issues. First, based on the user-side two-part electricity price system, an
energy storage optimization configuration model is established with the goal of obtaining the maximum monthly benefits
after installing. This considers the impact of social development on energy storage. Then considering factors such as
holidays and weather conditions, a user-side energy storage configuration decision-making method suitable for multiple
scenarios is proposed to meet the individual needs of users. Finally, the historical load data of four typical users are
selected for simulation with CPLEX solver, and the rationality and economy of the energy storage configuration are
analyzed and discussed. The simulation results show that the optimization configuration method can improve the
economy and the accuracy of the model, and it also provides a reference for the commercial application of energy storage
by different users.
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Fig. 1 Diagram of user-side energy storage system

Rk, TEfEREE T T 75 EX P g sk s br
B A 0 i B8 ) S I8 4T T R BUE BE T 2 R IR
fille B, XAMEABENT 0, 7N ) L E] %
D&, Hk, XMEAREEE AP AR KT =E,
RUAREME I IXAN A 8t te7 1 R AE, 75 DU 45 1 9k
TEIX MU EAR R LR . 2R WT:
0< PL,i,t + F’Es,s,i,tg PBmax,j (6)
Ref, P, % 51 R AN 20 0 P s
B4t
2 fEREFEE MR R RORR X
2.1 ZEMHSKBIEELZIMPNSEHILE
it B8 HEL L ) RS AR A 5 45 5 I D I S R AR A B 4T
IS 4ERAS . R, 223 Ml Re s itha — 2 i A
SRR, B DAL Rl A S AN FE A F 2 i DA 2 1
T SR AR 1) H A2 BRI H S A R Es,  FIT AR Ht
ASERERIREANH o AR A CH IS ET DA A 2
HIrFMERe AT HC, BAHE A=
C Sy +C. Py + chPN
- 12Y @
A o NIERESAI AR B R T LI BT 40
NEBERET BRI SE A ¢ Ml RERE T FLA IS 4k
WA Y ONfERERI A, LA AL,
g Re It A — e B A7, A SCRERN

VNN SRy 30K )= 2 G O SR D e o rt i
NEJVENE S KRR R 2S5
FE T AL U R T TR AN RN SCASE A5 7 THT PR )
BAOE TR MNGIE, DRy BAE RS 5
JUAE I 2 A2 A Fs 4E AR AL . 2 S 300 X((8)
PR

1+ A

r(y)= (ﬁ / (8)

i p(y) WA y S 2B I 2 R X i S
WA A A AT Ay MBI,
FEA# BEIZZE BRAS NN Ak BEA B R 2RI 30 rp 25
JEZRY, AR SR HEA B KR . (7)
B IE 1% A Pr Mt se A 2k A an X (9) .

Y
CsSy + Py +Co, Py D7 (W) /Y

©= o &)

2.2 fEREECEMIIREY

il BE T B AR DURT P M fet e e H R i
K EFR, AR BERC B A0 Th & L A0E
HHE,

fili RETC B LA R 1) F A B B F O ik RE N A
SYrEAERE ARG, FFIATE A2 K e h fik
RERISEM 24, BT (10) .

maxF = (3B, +iBi).§:y(y)/mY ~C (10

Kb, m A d 400 U P 54 10 RO
SR 0 TR I T AR bR 6
PR TR

S kB O B Y A2 0 7SR
PR3 I i 1 3% S B AR 6
W WG P SR AR I M A 2
2.3 BT SGRMERRERES®

CET LRI, PR A 2 BRI R A
SURBE 1B SR R R . AR S
S BT AL AT, I AT L2 R e
i T T TS E, LA R BRI
D PR B A

RSCHRAE—F A T . MBI
BRI, 5 5 0 202 5 ) 2 1
BB, AR St IE B HI
FGRITEIE, JRA T R A E . %
5 R M S R 7 RS EUR 85 4 AR 2
A BRSBTS, By
B SR )P

Rl =~ f,)R, (11)

&




-62 - Y EE X T EE S

XA PONBRAPRIRE G RESIE ThE; oA
T AT B AR
3 fAREEEMUEXL

ASCHFIA YALMIP T EA6 18 CPLEX R #s
KA N(L0) I REFL B AR ALY . CPLEX SR fifds B
BWCSGHERE P o 2 i) e U S s, &
FARSCARAAERL (SR AP0, Bk 7 iR T O I
TR g Ae i, FIR S 2 AR AL B
PACKEIRY, 456 B P D3 SE A fur B0 3R T AR A SR i
REMIMCE S5, JRE 2 7 R & 5
YEAG, B 1% g RE TG B A

G BEM B A B B R ] 2 BT, VEAHAE
BN FTId

AR
st A o A4

ik O A Fic 2 R Y

v

A 25 £ AR i 8 el Tt 25 4R
CPLEX#E{T 2Kk
LIEE Iy A eos ol W= RE 2 AR R B A 1
FETE 4R

i 2
& A

it i
LHTRTE TR
B2 R

l

T 2l s
i A HL S
B AR AL R

& 2 fikgEAC EMLRIZE
Fig. 2 Optimizing flowchart of user-side energy storage
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Table 1 Time-sharing electricity price for user A and user C

I B I 1] HLT/(TT/KW )
%® 0:00-8:00 0.3155
F 12:00—17:00. 21:00—24:00 0.646 5
L 8:00—12:00. 17:00—21:00 1.0775

&2 AP BIEASEEMN
Table 2 Time-sharing electricity price for user B

A B FiF ] HLAN(TTIKW h)
7w 0:00—8: 00 0.3139
P 12:00—17:00. 21:00—24:00 0.6418
e 8:00—12:00. 17:00—21:00 1.069 7

*3 AP DB SETEMN

Table 3 Time-sharing electricity price for user D

i B i i) HANICE/RW )
% 0:00—8:00. 21:00—24:00 0.658 3
g 8:00—21:00 0.8583
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Table 4 Optimized results of energy storage configuration
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Fig. 3 Typical daily load curve of user A in each month

4.3 tERERCEZFF N
4.3.1 flferc Bl Kot

DNt — b [ REAS [F] ik RE TG B P 25 & R
fRaszn, S 9sE A A e B DU 45 R K LA PR
SEE, DA A DR, S e i e B N AE
M AU, BRI R ESE R HIL T
MR EE AR R AR, PAEHR 7T 578 DA B SR Y
RAUE AR R 2l f KB . 38 2 ROl FL A 4G
R, WAERBIAF MR B AT A TS
Rat KA M 4 FroR.

HIFE 4 R 0L, RS fl e FL T C B IR A TR 1K)
BER, I ERE R0 W A A0 4 75 i A I Tt Ui s i 46
) R SEHE PR YS,  H 2% ih 2 7 Ak RENC B
ThRN 298 KW IHEFIF BN A, BIILEH



-64 - ® A EAREY DA

A I RE R L IC B DR AL SEBL o R o IX R IE
TR AR EE R IERATE, BEMTYGIE 1A SR AE
PACHC BRI R S . [FIE, i 4 580]
LA, o XA R KERE, BEERUE RN
AREEIOR, e HOIR ™ AR PR ST 2 8 i B T AR
HATSNE AN = BURAS, A5 Ras AT B

PaLLLa— ; . ‘ . ~ 110
¥ e
- Rk
10+ X T X %100
® AN
XKoo =)
9+ . 190 o
X * =
2 8 ‘. o Aedi i B IR 180 =2
% X X - AErGRh =
: 7k e {170 &
¢ X =
= 6r g 160
% pid
; {50 <
X
4F b 140
X
3 L L L L L " 130
50 100 150 200 250 300 350 400

fifr HEAL L% kW
E 4 AP ATEfERERC E TR L
Fig. 4 Revenue change under different energy storage
allocations in user A

4.3.2 fifReRHN ST 43 AT

AN 8B BE I BRARSCR AN, W it RE AL B
WA T

B, EREROR IR & SRS T Rk e FELI A
AHIBEAG, IX0 T HE FIAC & I 2 BRI s 2 A
2R, HABEE R 75 A HE A B AL 52K
T DL A DSBIREEAT HER o 73 AR i i E
T A PR 10%. 20%F01 30%, B AR A0 45 I 3K A
K BEBRTERA LGS UESA . KA RS 1
SRR RET AL BC AR P AT ALK AR, 153
X R T AT . RS R UNER 5 s .

=5 TRIA TR RERC B R A&
Table 5 Total profits of energy storage allocation
under different costs

FRAS IR A 90% 80% 70%
7GR 70 124.22 150.30 172.41
T g /R AL B 24.05% 50.09% 72.17%

5 AL, HfEREH M RA R, &%
B S A M B IR B e s X TFH S ASK
Yo 2 BA T Sl B 21 5 AR 1T 90%  80% A1 70%H
B[S AS 23 I FAAG 10%. 20%F1 30%0t}, &4k 5 5
F RS IR B K T A IR E . Rk, X
HAuRul, FEAERE Rt I A SR 2 TR THiBRE R

BV EE AR, SR SRR
BIATTES, 75 E SR RS b A PR
[ETF

BEE R e I SRS S B YR . [RIRE
LA A B, $R58 246k 6E FEth (1) BE B 0808 0
AR, HOE RS AR . DUBREE FELVB ) 250K 0.9
S, 7EHJE B CAAE 1% 0A K, 1EEL 0.87~0.93
VERRCRAAI X 8], 43 AR ES H AL 3,
Wik 5 s

130

120+

,11‘4
——ra

(=]

100

Sl A T
o
S

>0
f=1

70

0.87 088 089 090 091 092 093 094

[ gi37SVED
E 5 AP A REFEREETHEETL
Fig. 5 Revenue change under different energy storage
efficiency in user A

HIE 5 AT, RO R T RE i SR A 25 R 2 i 2
e H ARG AR T R0 P8 1 T i RE AR ST IR
FHMSTHEL AT 4T, FEA#AE I LA 1 0.9 BT,
FERTT 1M, Rl e TSIt 7KL 7%,
PRIt $RmfifRE LI RE R AR, Hitma
GrE AT RO 2

i bprik, MEREHRIE ML A, bk
TR A B DR R R T AT AL,
T RSB RE IR VEA B (S 2 o BIEAOHTROR
T+ BUSEHL ik e AL IS5 A ) PR S 18 AT R 1 52
e[RRI i BE T B 2o VE N B LR E

5 #Eip

ASCEERT 4 Rt R R P 28, S EAT
MFRHIE, FHIES R ILERRER DL, X
i REACBCE REAT TR T, S50 T

1) SR M 1 SR8 U U R ) ik 75 R T AL e )
fif REEALAC BT, g fil RIS AT I B AR A2
Ao [, Rl 5IN T 25 L SRR D 2 G
KIEII I, L2 S RERCE A, (1AL
BTGNS SR SEPRO .



LR, SE

T AR E N 2 s T I RE R R A B

- 65 -

2) RS HTIFIRAE T 4 2R MR o T A e
MG IR 2 DUAG SR T LA Y MV TP X 1k g
fIE FYEE L, AR AN AR R P n] DR AR
H S EOUINRAERE, SEIZET R aT . XN RES IR
E DAL TR T 3T B

3) A SCAN I Bt (] 4 A A0 5 Bt [l fig 48 BR 11 iy
EARPRELEL T MR S B e e ik e SR RO, JF
A R E W AR, MAERERCE A, W]
TSRS, ERE A SRkt &, UEH
T FEAR AR 5 R 2 2 2 SR T 22 B 2 i 1)
FBG

ARSAORT ALK P et RE G EARALAE T 0 b
AMBETT, T2 TR L ER A XMk RES AT X B E
PCHIRZ AT, AR P 75 DL 22 S I 4 A ) S
ACRIR R it
S 3

[1] LIU Zifa, CHEN Yixiao, ZHUO Ranqun, et al. Energy
storage capacity optimization for autonomy microgrid
considering CHP and EV scheduling[J]. Applied Energy,
2017, 210: 1113-1125.

[2] ABDULLA K, DE HOOG J, MUENZEL V, et al.
Optimal operation of energy storage systems considering
forecasts and battery degradation[J]. IEEE Transactions
on Smart Grid, 2018, 9(3): 2086-2096.

[3] LI Jinghua, WANG Sai, YE Liu, et al. A coordinated
dispatch method with pumped-storage and battery-storage
for compensating the variation of wind power[J].
Protection and Control of Modern Power Systems, 2018,
3(1): 21-34. DOI: 10.1186/s 41601-017-0074-9.

(4]  PASLEA, Ml & il IR A6 R AR &I &
SEIEGIL]. B RGRY S5, 2020, 48(22):
76-83.

SUN Liming, YANG Bo. Nonlinear robust fractional-order
control of battery/SMES hybrid energy storage systems[J].
Power System Protection and Control, 2020, 48(22): 76-83.

(6] FRESL, &AM & XA 2 MR e R 2
FFR LA I]. il 54% 3k, 2020, 57(23): 71-78.
CHEN Yumin, ZHAO Dongmei. Multi-objective
optimization model for multi-form energy storage
coordinated scheduling with wind power[J]. Electrical
Measurement & Instrumentation, 2020, 57(23): 71-78.

(6] ¥IRim, ki =5 8 & & ) eE ) R A1k
JEHEF]. BRI, 2020, 37(4): 71-77
JIANG Chenlin, ZHANG Chao. Research on optimization
method of smart power consumption mode considering
user comfort[J]. Distribution & Utilization, 2020, 37(4):
71-77.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

(14]

W, skindr, W, & ORI RER KR e
L RFFERALI]. 2 & 77, 2019, 47(12): 30-36.
LU Qing, ZHANG Zhixin, LENG Yajun, et al.
Scheduling model of smart home electricity consumption
system considering photovoltaic energy storage[J]. Smart
Power, 2019, 47(12): 30-36.

FEMG, OKIG5E, BIRT, &5, TR R U T 2
AR B SR B ETEAR]. BIR
Gi i 5 5, 2019, 47(6): 103-109

DU Peng, MI Zenggiang, JIA Yulong, et al. Optimal
placement and capacity of distributed energy storage in
distribution system based on the sensitivity variance of
network loss[J]. Power System Protection and Control,
2019, 47(6): 103-109.

WRERES, BR5R, A5, 55 WEHI M SIS TR RS
RAZAT L], E T, 2021, 54(2): 98-103, 112.
CHEN Yiwei, QIAN Xiao, TANG Yi, et al. Operation
optimization method of energy storage system with
two-part tariff[J]. Electric Power, 2021, 54(2): 98-103, 112.
AT, TR, =5, & WIYIE A i S
i RE R AR S E 5 53], LI, 2019, 36(3): 76-82
ZHAO Yuming, DING Qing, QIN Yi, et al. Practice and
Reflection of distributed generation and user side energy
storage in shenzhen power grid[J]. Distribution &
Utilization, 2019, 36(3): 76-82.

JAYASEKARA N, MASUOM M A S, WOLFS P J.
Optimal operation of distributed energy storage systems
to improve distribution network load and generation
hosting capability[J]. IEEE Transactions on Sustainable
Energy, 2016, 7(1): 250-261.

WPRTT, B, WL S BB RIS 50l
WHEARGFHEN A ERE L] B TEARZR,
2017, 32(21): 112-121.

HUANG Jiyuan, LI Xinran, CHANG Min, et al. Capacity
allocation of BESS in primary frequency regulation
considering its technical-economic model[J]. Transactions
of China Electrotechnical Society, 2017, 32(21): 112-121.
WA, EHINE, 5K3R, &5, 1 KOGZE S TH IR &R
o) Mg Re A ARG B L[], R R T, 2020,
48(6): 67-72.

TIAN Bei, WANG Zhaohui, ZHANG Shuang, et al.
Wide-area optimized allocation of energy storage capacity
considering wind/photovoltaic power accommodation in
power systems[J]. Smart Power, 2020, 48(6): 67-72.
RIFFONNEAU Y, BACHA S, BARRUEL F, et al.
Optimal power flow management for grid connected PV
systems with batteries[J]. IEEE Transactions on Sustainable
Energy, 2011, 2(3): 309-320.



- 66 -

Y EE X T EE S

[15]

[16]

[17]

[18]

[19]

[20]

(21]

KT, GRS, ERE, % BRI B
okl X RO GRA#ELAGEE B i 7T [3]. B RS R
P58, 2019, 47(17): 23-31.

ZHU Qing, ZENG Lihua, KOU Fenghai, et al. Research
on optimal allocation method of wind, photovoltaic, gas
turbine and energy storage in industrial parks considering
energy storage’s grid-connected operation modes[J]. Power
System Protection and Control, 2019, 47(17): 23-31.
RATIG, FBAL, AEPUMG, S TR ZRG AR TR L 1 i
e RAMAICE JER]. TR, 2020, 33(3): 42-50.
WU Renguang, ZHENG Li, LI Kaipeng, et al. Optimized
configuration method of energy storage system for
integrated energy distribution network[J]. Guangdong
Electric Power, 2020, 33(3): 42-50.

PR, B, XA, BRI = R M “H—
fiti—r” 2 BAR AL E ] B IR SHEARER,
2020, 35(5): 36-45.

HUANG Zonglong, JIANG Xiubo,
Multi-objective optimal allocation of "“generation-
storage-load" under the low-carbon background[J].
Journal of Electric Power Science and Technology, 2020,
35(5): 36-45.

RBA, MIE, kT, &5 1F ROGORIX E) T PFn %
fit SOC HHIIKIAC LM AL [D]. A3kBe s HICM, 2019,
2(6): 598-607.

YUAN Xiaodong, YU Zhenggang, ZHANG Chenyu, et al.
Optimization  operation of distribution  network
considering photovoltaic interval prediction and energy
storage SOC equilibrium[J]. Journal of Global Energy
Interconnection, 2019, 2(6): 598-607.

LAN Hua, LI Zhengyang, WANG Yunran. Research on
the influence of wind-solar hybrid power supply system
to the reliability of distribution network[J]. Journal of
Power Supply, 2012, 10(6): 92-96, 106.

JARRYG, FAE%E, RA0K, S5 B K N ] FEVE Y
g R RACEL B AT A 0], B RG ORI 545, 2021,
49(2): 107-114.

ZHOU Xinyi, QI Xianjun, WU Hongbin, et al. Research
on optimal allocation of energy storage to improve the
reliability of demand response[J]. Power System Protection
and Control, 2021, 49(2): 107-114.

B, W, MR, 5. R AR
0 F 7l e Y i e 2 B AT AT YRR ST O], L AR,
2016, 40(8): 2471-2476.

XUE Jinhua, YE lilei, TAO Qiong, et al. Economic
feasibility of user-side battery energy storage based on
whole-life-cycle cost model[J]. Power System Technology,
2016, 40(8): 2471-2476.

LIU  Lijun.

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Wiz, Kk, BB, S5 FE TR bl DCUR/ /AR
FZ TRt RE R G 2 H R IRALIC B 0] A EOR,
2017, 41(12): 3996-4003.

YANG Xiyun, ZHANG Huang, XIU Xiaoging, et al.
Multi-objective optimal configuration of energy storage
systems based on coordinated operation  of
source/storage/load in commercial park[J]. Power System
Technology, 2017, 41(12): 3996-4003.

LU Chao, XU Hanchen, PAN Xin, et al. Optimal sizing
and control of battery energy storage system for peak
load shaving[J]. Energies, 2014, 7(12): 8396-8410.
NADEESHANI J, PETER W, MOHAMMAD A S. An
optimal management strategy for distributed storage in
distribution networks with high penetrations of PV[J].
Electric Power Systems Research, 2014, 116(11): 147-157.
R, EETT, IS, T O R ik g
Bl B 5T IR [J]. # RSt EBhE, 2020, 44(6):
121-130.

ZHAO Yitong, WANG Huifang, HE Benteng, et al.
Optimization strategy of configuration and operation for
user-side battery energy storage[J]. Automation of Electric
Power Systems, 2020, 44(6): 121-130.

YANG Bo, WANG Junting, CHEN Yixuan, et al.
Optimal sizing and placement of energy storage system
in power grids: a state-of-the-art one-stop handbook[J].
Journal of Energy Storage, 2020, 32: 1-30.

Fedl, UERD, 2B, A LI m) A R A At e FEL VA
). W RG BB, 2013, 37(1): 47-53.

JIANG Kai, LI Haomiao, LI Wi, et al. Introduction of
several types of energy storage batteries for power grid[J].
Automation of Electric Power Systems, 2013, 37(1):
47-53.

MRUNAR, SREG, W, & RTHEEENPIN R
KA ERRERI]. B RG B30, 2019, 43(2):
194-200.

CHEN Lijuan, WU Tiantian, LIU Huibo, et al. Demand
management based two-stage optimal storage model for
large users[J]. Automation of Electric Power Systems,
2019, 43(1): 194-200.

s HER: 2021-02-18;

i&E HEA: 2021-03-05

EEEN:

EHRE(976—), B, WL, @ik, AT QAHE
R R W ) R Ao AT 5424 ; E-mail: eec@hhu.edu.cn
o W (1998—), B, d@fE%EE, MEARE, RS

BABREAAEL N ZA T L A, E-mail yf199808@
163.com

(4m#F 22/ m)


https://www.wanfangdata.com.cn/perio/detail.do?perio_id=gddl&perio_title=Guangdong%20Electric%20Power
https://www.wanfangdata.com.cn/perio/detail.do?perio_id=gddl&perio_title=Guangdong%20Electric%20Power
https://www.wanfangdata.com.cn/perio/detail.do?perio_id=csdlxyxb&perio_title=Journal%20of%20Electric%20Power%20Science%20and%20Technology

