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Abstract

Due to its rapid adjustment and flexibility, energy storage systems will soon become an important
part of the power system. Although the cost has been reduced, the single application scenario of
the energy storage system is still difficult to make profits effectively or recover the cost in the
short term. Therefore, the optimal allocation of energy storage capacity has gradually attracted
the attention of the industry. In view of the current grid energy storage system, application scena-
rio is relatively single, we propose a grid side energy storage capacity allocation method that takes
into account the superlinear benefits of peak regulation auxiliary services combined with TOU
(Time of Use), to consider energy storage building investment and operational cost of peak shav-
ing, peak valley arbitrage profits, the delay of benefit maximization as the objective function, such
as network equipment upgrades the energy storage capacity of the optimizing configuration model
is constructed. Finally, based on the grid data of Xinjiang region, the optimal energy storage rated
power and capacity configuration results are obtained through Python-Gurobi simulation calcula-
tion, and the economic indicators are analyzed to verify the effectiveness and feasibility of the
method, which provides advice for the investment of grid side energy storage projects.
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1. 518

TERRIR SENL SR SN RIS Y I 0N, BOGIR. KB AR AERe IR DU & e, Hraedi K
HL AN 78 PR 2 H IS AT A AR I Bk R, R R U () RO A R H o B 3R IR T A A e %,
MUl T oest, sand IR E )RR A BT LR ke R gt R RGN 2, i &k
] FEAE B R AR I X S 4 R B SRR L] [2] [3] [4]. [RIR, b RS Ay L b A e AR e Jie
DA Ak e B A B N . R IG5, R % BE R AR AR X TG TR ) 32 BRI (5 . SR 1T % B
WA TR BT AR 5] [6], TIANLEIAREE, FEAEREHTTH 1R & LER BRIE. [
IR, X EAAG T AEREREE P R R BR T BRI, AR % R — R A AR T R R S
MEHZ—. B, iRk e i e RN DR R E GRS &, AR T ReD H I PusioR e .

fBRE R AR 52 T B Il H R A5, BN A58 0 Ut i B8 & St (battery energy
storage station, BESS) L KIAE AT K 2 HEAT T VAL DA i e A =3 TR AL AL & -

SCHRL71AE B X (i RE A3 0 25 (0 AR B2, Bt — B 8 2 T 4558 5 X B Nk e R G ALK G B X2
BT o SCRRXT AR KR AR b, 13 HERES ST B Rk Z A Gr I s 145 0. BT B RR LA
e DA S FH M 2 v R R 1), 1808 5 B SR e R G IR 25 T A B RS e a i3, SCHR[BIE L. T i RE S 5 X
FL AR B TR U IR 45 PRI 25 B R R AR AR Y, T8I T B i A FL Sl (1 B T (R R . R (IS S5 2 B FR AR VAN 1%
fifi e L I RL L 95« SCHR[9] [10143 I 78 1 it e -5 X HL 25 e bL G 38 DA B Ao A KOG AR H A i i FR
PSR, RILE WG IRAAE R RA A = OB IRE BB R R A A RIFMEA T, Xt Hiae
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UEHEAT I, BES A BSEFE NG R . SCHR[LLER 1 — b e X () £ e 2 5 e A B A 95 T I O 52 5%
B, 8T T MG RES S R B IR S b B, TR SR I B AR 2 A A . SCHR[12] A48
it fie & 4i(energy storage system, ESS)EE 4t 4k BhAL Gl AN L 20 2 5 FE I 1) B 3)) & HL 4% il (automatic gener-
ation control, AGC), #th | —FhF T2 07 IR Z A 2 HFR MRS B & N A8 2R SR 12 ] SR .
SCHR[A3]4T X Ha ) RG22 Fh DI RE AR S5 00 1), $& 1 — b 2 i Jo) BRI R 97 7 7 o 1 A58 (5 R d
TEARRAN L FH AR P R 8 A ol JE 30 v e 1 b A3 FEb S B, 7E4EK BESS Fg iy Al R AL L RS s 2 1) s
PP o STHR[14175 18 2B R B BE 10 5 A BR ) FERUBEA S BR8240 1 At e Bh R i 72 3 42
THRBOESETT R as . SCHR[AS]IEAT 1 BESS $iBINL 2 5 A I R 2 Gl as, AH EL O e /T
B RE 5, hTE TR RS s A5 TA]

T FARE N AN SRR DUR I, H AT RS R EEE RS TR AR DL AR Gk L
A, HPEIEM, R EORZ L SR T8 LR, R R B R 5% A, B HL R A
A5 TE o BT X HL U 6 R R G IR S5, [ AT ST A2 IR AR BE G o SCHIR (1614 21 H X gk e A2 S Bt
REFUBLAL A JE ) B B A . DRI, S5 AR R G VR RAERT L ) R TSR, WA % BB S 7E RE U L /A0
RN SREEE, GAEEEZENE . UMM G, A EME. 70 XA R MEARRA, JFt
XPRBE 2 e, PRSI DD Re g e PRARMZSHFEI 5. IR M aeIEF K a5, T a0 i
RE SR Z2 48] ) B R B AN B VERIE

BT DL B M, ASCHRH —FP 5 e 4 G 2 i A PR TR U A B IR 55 e 06 A 2 D L TP 0 £ e 7 e
Jiik, UAEEMEREEIE IR . AT A RS DL T R RS . WERER . QST FL N B A TSR B A
KA BFreRE, iE TR A=A E B,

SCELEMMR . B ER N EEEE 5 E B R W B IR S 2R RN R A, RS AT T AR B
it RE A DL R IE B BRI G IE O, S48 7 B amHh X 1 8 0 4 B R 55 T 3 00 DL 2 2 B ARV R i SR 5 1
iEREZ U A B . 28 3 A AR A RE I H IR IR 22, AR =800 4T MRl =8 NN
SEPLEE — I P R L U A, P AR BB . B DU S AT Ay, AT T TS A A
BB R it BEAI UG 55 B0 B 06T T 100 H Wi s sz mal LA 2 i B A T Bt il e il 5 2t B 2. 55 o
o Rstin SR,

2. L& SREBMEIEIEREN RS 1204
2.1 BEREETERARPIEIRBZEHE

i BE 28 G0 B g WA 0,475 ELF A AT P2 WAL 28 Y 08 7

ELARHR > Ju ik RES 5 TR VA B Al 25 TS ) 9 P o AR B S DX R e U, A D B S i 3 AR He
i BE Bt AT -5 5 B A Vol I 02 P 2 52 By A, tR] LUBEE 7 7 S R P S e ks . K fiffE
FnZJEAT A RIS, Rk DU 5 S S R RE RO R AMEE 2 T, B, BB P ORBE N AT &
M, #HEPRARERTEFABEN, RCHENGFRBE, ONEFREERETME &b
NTE R R, RS R E e A Sebr Y i

F, NRRETZISATHLE], RS B L e HIZMEIAT N, X E B RS EH A RE 5 B
AT EARE O ART G KR TN, RS = BORAEREEE < HEEM x 2.

BRIk, ST DLT i BE IR ISR «

y, = this @, _(Ctpeak _ this ) 2.@,,0< this < Ctpeak 1)

yt — Ctpeak 'thCtpeak < this < Rmax (2)
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Kl = Z Yi (3)
t=1
b,y NN R BT BRI RS, J0; K 2RI ERIRE, NGRS 5 g 2 B L I AE T
27 CPONRIERE, MW; o, &M, BUHEEE LM, J0/MWh; RIS A s g i
&, Mwh,
[B)E B 3 SN A 2% P X A5 TR 2R U 2, AR Dy
K,=r-C-n-R™ (4)
K, it it RGIE G AR AR, T0; r ONRIC A& O E e 3T IH 2R C e i w4 ) B 5 i
JCIMW; 2% EEIE B & St B B 4% Fe OB BB AU E R R™ BRER S BRI, MW,
22. IEBREFER
HaT, FRE A L P ST o i BN EOR, 308 5 R RAEIAT T A, B
B, AT R PR EATA, BT RS, JEREIRS G, R M e s T BRI
BN LR, Eg A R B T e R A S L
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Figure 1. Xinjiang Region TOU electricity price schematic diagram

E 1. #hEX R Em

BRGNS N FEENHEREETH. BRASETUSE5EITTIERN R E LK, £

Fer U B fuf BN BRI SR g, TR R B AU e . s Th AW
K1=Zwt'(this_RtCh)'At ®)

XA, R™, R™ 3B NGERE RSETE t i %065 H i DL KN BL S, MW @, D4 t IR0 B2 FR FELATY, JG/MW
At NHETTE] AR, 1h,
3. isEeEmARMAERR
3.1 fERRIEERBERAX

BESS W) an 58 7% 2 3 i A L FE Ha gt 2% 34 o A R H b 25 B A o H R 45 08 Sl i A B i e A
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BRI — AN B 5 B <o 4275 i I BESS AL BE A i (6) s -

C,, =R™ ‘@ +E @ (6)

A, @, NIRRT R, THMW; R™ RS M ik AR AT, MW; o, A
Wk RS AR 25 BN K, TC/IMWh; E R HIb M RE R B AR, MWh.

KA A% 0 i A A — RS S, TR B Lt B A L, RIS NS N7, W E 7
/(I
r(1+r)L
(1+r) -1

AF NG, R, r el BADy 8%: L OSBAARIR, 5.

3.2. BITHIFRIA

fili B 2R GLis AT LRI — A BB R RIS AT AR R, %A 1 2RI T 2 Fe OB IR A S 2L
FL L LT IR AL B AT ARSE AT 2 AR N SOg AT A A8 2l ] 72 1847 9

1) AIAREAT 2

AN IR A F SR AT, RPEATR B ATRALZ — A EE AW T OUR[17] . 8 &1 it
AT #5322 B — Rt , AR SC RS gt AT W 5. H AT 1 H IR A s — TR A PR R A AT 55
B — N — BB AT DU TP B R AL o e it

SCHR[18]3 W], BRAR A ALY (LMO) H it ) 78 BB A UMM A B TR 2 (DOD) AR B - 45 SRR W
NG e RN, A IS AT R AE — E () DoD DX A, (B IR R EEREIN (32 R AR = AE E
IEA, JE3S DoD 2 HL i 78 8 i i ) 2R 1R R A

N T AT, B S ORI A IR PR A T

@y -10°

2Ncycle ' (Socmax - SOCmin )
K, @ WA R BALNHE, TTIW-h; N, &RIREERELE SOC 7E[SOC,;,, SOC,,, | EIH NiZAT I

TEHIREL, 2929 5000 ¥K;  SOC,,, N SOC [ IR, SOC,,, A SOC (¥ IR .
Bl 5 SO IR AL AR Ay«

AF = U]

®)

wbz

" T .
Cde (thls’ thh ) =@, 'Z_“(thls i RtCh)'At (9)
Coo (R R ) A HUIB AR A, JE, T 4 24,
DR LA B 5 G5 1B AT S 47 A T 1A AR -

Con =Ciy +Cpo =R™ - +365+C,, (R™,R") (10)

fix
Con NEEREV S MISATHES A, T0; of AL HI AR RERER I E D FIBATYE AR, JTI(MW « 4F);
R™ A5 g0 LHIbLAEREDIZ, MW,
4. REZGRWENEES B EHEE
4.1. BFREH

AT R Gy I AN S I B A I e B, DRI, [ R A A A 2R R R A B IR 4%
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s, SbAMitRE RGIEA 5% BN AR AR R R s, R L AR SRR KRR . LA RE R 4 I 4
SR R F AR AL, H bR R Rk U R s

max f =max((K, +K;)-365+ AF - K, — AF -C;,, ~C,,, ) (11)
A, KOAMEREIEIR S, To/R: AR -K, NIEG LM AR IR e TR oy, BT aX oo — kUi s, 75
YRR K, NGB MM EERGE, TR AF-C,, NIMEEREMR T EIE R, JUE: C,,
NEEBYES ], AR T IS AT 2 A A AR IS AT 4R S
4.2. HREH

fili e 78 FC R SOC AR
& =€ +At-R" 77, —AU-R™ /g (12)

X, e AYAIN LI ERERE R, MWh;: e N E—IZIMGERERER, MWh; At AREEIRG: R, R™

DRNERER BT BIIE, MW, 5y« 14 PHVFTETRBRCE, ToEHN.
SOC I FIRZIW:

SOC™".E <g <SOC™ .E (13)
XA, SOC™ . SOC™ 434l SOC ) | FIRLIH;: E AfFEMERE & AE, MWh.
B RIHIAE IR AL
e() = eT (14)
A, e, NIBREAAIEIT ZIE &, MWh; e, JufikAESE & AR UGN ZI L&, MWh
BAMERE AR T F E TR

0<R™ <x,-R™ (15)
0<R™<x,, -R™ (16)
X+ X, <1 17)

fili BEHLRIXT it AR 1A T3 2R PR DL R A e 1 &% B0 2T
R™" < R < R™ (18)
E™ <E<E™ (19)
R™ ., R™ N MBI TIR E IR E™ . E™ R AR i Re i B B TR
8 s I EOD

R™® ‘@ +E-@me <y (20)

a,, NEGTRIEREIIR A, TUMW, R AR ATIR, MW: @ AR
R A BTG TTMWh, E SRR R E AR, MWh
4.3. BELEIE

%) QM5 B (15). (OB MU, SINTHAMRE, A CHRAIAh
A5 5 077 200 S L R R

BN 3 AL DU 2 41 0~1 25 Ht, T BLSEHLA A BUR SR AL, ARk R R
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R™ =k -0+k,, -CP + Ky, + Ry (21)

Yo =k (<207 @, )+ Ky - CF* ey Ky GO (22)
K <2,K 2, +2,,,K <2, (23)

Ko +Ky +Ky =1 (24)

7, +2, =1 (25)

i S A A A A (15)~(16) T AT AR 7y, AEAERXLIRT, iR S LML AT AR
RN . BARRIL T 2R

R, =X, -R™ (26)

Ryt <X Roo @7)

R, <R™ (28)

R, 2R™ R, (1-x,) (29)
Ry = X, - R™ (30)

Ryt <%, Ria (31)

R, <R™ (32)

Ry 2 R™ =R +(1-%,,) (33)

F, Rys Ry 0 aliEa(26) LA A (30) A afe AAR & i 7y () rh ) AR B, 33 (27)~(29) PA £ (31)~(33) A
EAXLW, ATELE N (15)~(16) AR % .

R, A SC AT IR (3R X 22 17 50 o (1 ik e 5 G B2 ph 30 (3)~(33) Tl it it 2R kAL, ARSI
fifi fE A F A IC B AR TR G B R AR, X R A ] DA E R ML SR B 2% Cplex. Gurobi 555K fig.
ASCIEIEAE Python 1 GUROBI K &t B R AL BEAT SR AR, REWE A5 tH SR LA -

IR 2R GE RO R 558 55 /AR TS R G R AL PR A% 15-6300 HQ DU 4bHE%E, 8GB W1F, #IERLN
win 10 64 bit, Ff & ¥ 454 Python 3.6,

5. HEla4r
5.1. ¥iEiREH

A EERCH SR H AT LR, A SCRE FUTIE(E Y 100 MW, G B b 518 8 ke WEAE £ e 1A
£ 90 MW, JFRI AR IRIEAS S B WIE B 2 b, a0 2 froR. 42 BRVG L DR IRIE RN, i Ee
R EAT ARG, W A% BRI A2 N RS 25 TAME s MbERe - W @AT & R, 5 Sibr L&
KTEFBERN, BRACHEZEEFRRE S TIME LR RENT AR BER, B E A
REFH P s bm i Fc BRBOBT e, st DX TR b R 3L e R0 s o I I BRI Dy R DS B
10:00~13:00, 19:00~0:30; fR#FHIEL: 0:30~8:30; HARWHATEB. TR 1 AHERENIHE FEUE.

5.2. BHILRSH

1) fEReMiLiC B4 R
HL R RE DAL B R AR 2 From. TR A ERT T & LR, X RERAUE D) R A Rt ATl
W, BB IS ORI RS REBUE IR N 10 MW, HUE 75 51.4 MWh, B B 7 T 5 R0 1 1
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Figure 2. Schematic diagram of peak regulation before and target of peak

regulation

2. BIERTARIBIE B iR RER

Table 1. Revenue parameters related to peak regulation

#= 1 OFIERXEESH

24 HfE
VR UAETIR L F B B A M A 0.3 Jt/kwh
VRUAETA L LR AS R A SN AR 0.6 Jt/kwh

Table 2. Optimal configuration results of energy storage

F2 MUEELR

fic B 45 R HH
i REC B D)2 /IMW 10
el B 2 =/MWh 51.4
il 0 1% 11.1
il REA B M) AR $ E)T 0 5940
VR BRI TG 908.36
RN/ 7T 678.9
SELEAR s A T R (K Pk A AF) T 6 103.7
Y RITI T 712
FBt BRI IaE (R 5 R R o)/ 1 0 978.96
Il ) SR A 6.06

2) AR A R E 7 T (TR TRCBAT . B ROR AT 20 )
ME 3 ATLUE Y, EREB & I 78 AT NSRS AR B B DLRCR I it BERA RSP B 9 HUK
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Figure 3. Comparison diagram before and after peak regulation and energy
storage charging and discharging behavior

B 3. iERTEXT L E R AT BT R
3) WA BB AR TS as LA A6 8] 453 (1 5
5 FE B i REBL DT R AT AG BB S WURI R, 3k — 0 7 W R AR 30 8 < B PR 1) %) T it RE L A TS L PO S
ARG AR IR T, IR BT R, AU AR S AR AR A, T BB R AR A 4R 4R 5
MR AT B AR B . 8RR 3 P

Table 3. Influence of investment amount on energy storage allocation

3. RESTHEER BN

IR 2 3000 4000 5000 5940 7000 8000
(R 6.4 MW/ 9.2 MW/ 10 MW/ 10 MW/ 10 MW/ 10 MW/

24.8 MWh 32.6 MWh 42 MWh 51.4 MWh 61.2 MWh 72 MWh

WA ZE R T8 441 588.23 772 908.36 1011 1109

TR UM/ T -11.07 366.110 456.8 678.9 678.9 678.9
(éiﬁigégiiiéiﬁ 66.8376 95.82 103.7 103.7 103.7 103.7
R 496.7676 1050.16 1332 1690 1794 1891.6
SRR (R R R 20) 27.7676 441 689.5 978.96 1082 1179.6

HI3% 3 W RIBEAE BB R AIIR I BT S B IZHT AR R, Al REC B RORC B LLBIFEIZ PG K, WA, 2
BFRGAPE—E AN, P E KSR RAER AR, KEOY 10 MW, X5 i T A 5] 5 & 1 g 2
SRR IR B v A7 AT £ 90%, e B 0 B A 100 MW

REHIVERA I + WA 22 B RN BT, B R B B ISR ER B D E LR, MRS R 5,
e B 2K U ) i K2R 10 MW IS, A BEDD ARMEAN G R, Dh3 KT 10 MW Ja ANRE s R BRI s -
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Figure 4. The influence of investment amount change on annual net income and
return period

E 4. BRSSP EESWE R BRI
4) i BE AT ik BE BT R RS20
il BE A T I A A A RE T H R 58 M B LR 3, | Tt aR B BN R, ARRIEA T B2 E A K,
AR RA BE I A B AR IE A BRI R BRI, R, Al o3 it S B A, A Be X 3 B2 i
ffsemd, HERINE 4 Prs.

Table 4. The impact of energy storage investment cost reduction on energy storage project investment
= 4. fEEEIR R A AR PR X ik BE TR B % R B 220

fitr BERC B

10 MW/51.33MWh 10 MW/51.4MWh 10 MW/51.4MWh 10 MW/90MWh 15 MW/135MWh

BN TN F I A (T3 T5/IMW) 80 80 80 80 80
FRLA 25 R i AR (J5 T6/M W) 120 100 80 60 50
WIH B (T3 75) 6967 5938 4911 6200 6200
R (T3 70) 852 978 1155 1332 21,879,154
B R (EF) 8.17 6.06 4.24 4.65 3.63
MW 4 FRTDAE H, AfERe A DR G Ay 100 J576/MW, 120 J5/MWh I, fifi e #2531k

WG, O 817 fE. ARNTHIEMEREBCAAE 10 SFFIRNL, MR AMERE LI E R, MBS R B %
H W &3 I - i e S 25 B AR N B 42 80 5 7G/MWh, 3k BB 1) i e T H 43 9% [l 4RO e ik — 2B 41K,

N A4 F . RGO AREE TR 60 J5/MWh i, FTLLEH, f#RE A =T BB LA T i,
RPN, O R REA R RUR, AT CLUE R T A R A AR A I W S 2 IR S L I A5 4 22 HEAT
AR, (EIEI ROBEEE BRI AN B i, R POV S AT DR IFBA IR, A BRI T
JUH RS INIFAZ , S AR A B T, SRR RN SRR LT 2 R 7 A it
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