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Fig.1 Basic framework of energy storage

application scenario

TERERE 3 S BEARELE T AR SO X RERY
AL & 518 B PR I IE TS o TEAU LI & 31,
filf RE TR 20 LD AR M A B AT DAL B 5 s i bk
IR, R RETT B AR B T g B T
PR RE TR T I R AT R B s AT, AR H TR
PP 2 AGCHE S, SEm AL )

2 fERETRIAFF An il S AR

P 200 554 B P91 B i it B O AL I o
BB SR . B RE A 2R 75y a2 Has A7 0 s
Wi, Ay 1 VA b i 38 A 7 R WS s BB AT 24 34 1 5
M, A5 38 T SCHK 8 | I $2 i R M i 114500k , st sr v]
TR A RE LA IC B Az BRI ) A eI P4 7 T 5
(EXiN
2.1 fEEEREIREG

B REAE I F iy 7o 5 R O AT AT O, AR
Fikxn= (D) R,

e Lfail (d)

=) (1)

K d HAERE R TR B 5 L™ (d) it REAE S IR

JE d T e RAT FHIREL; L(d) A i REAE LR B d
5 H AR RER

FEAf BE Y SE PRIz 1Tl B, HOil i R B S AN B
ARy, T AR B ] — REH#IT 8 0. ¥1(d) %
R 100 % TR EREE T BPE PR REL, an=X(2) s .

Ly =1(d)d" (2)
Ao 155, 0 100 % IR EE R 5 SUE A IREL s |, 32
~[0.8,2.1 BRI N A F—5 50,
22 fEREMEINAREL

Xof T 285 5 1 35 T HL SR W RN IR LA S, 7 e AR
N B9 i BE 17 HEL IR 25 SOC (State Of Charge ) 22 1k il
2, o R 2 S AH SR Y Ry R AR AL 5 =2 18] T AR A — 7>
PAER

PEA BT T 2401 SOC i e L 1
EAEIA AH X — 2 IE PR R ] DL B B ik A i e
B AL DR Fh b A P AL B, BV B9 i — ek
AT AL (R s RS FE R . o T e >
(R, AR S Y — o B 41 21 2 i 3 vk o

B, 5 ik AR i g, 3R 7 SE 2 S (] [R]
B P SR R A RS e 4, =X (3) T

g =(u,—u_,) (3)
A, A B B RE B TR u, = 1 Rt e
AbFFEHUIRAS  u, =0 R REAL T O IR S o

R T AETAR BB IE IR RN SUTE TR

R A AT 3R o i By R B an=X(4) s .
E=(1-g)E", +(nP™ +n™' P™)At (4)
Ao P R o B B AR Y FE FL T PR O A e T




% 10 H5

T, A T SRR AT A B RE NI AL BC L S 1 SR @

FRRE O T35 S BRI SRR . R, 5
¢ B B ML TR ! T (5) B 7 .
o
_ b (5)
Ehlle
S B kR B 4 B
£i4r 3 (2)—(5) T LUK & H A% BRI 70 b 17
AN 100 % BUHLVRRE T 1 BHBSR UL

T

o :Z[Zf?)o.f_(l_g’)l%“"’]] (6)

s 7o S BE S B 58, WA o BB 100 %R
VREE T RGO KR

3 EEBEAEFGHEELRESCZEERE

filf BE (19 2 0 IC B 0 8 R AU A EL SRR o oA
S A T A TR TG B RO AR RETE N S R 2 5
T G K Iz anPriiis ol , A SCHSE T 5 BRI 5 i
14 i BEDE AL E B 15 3z 78 A B BORE TR, FLAE 2 ] 2
JIt7Rs o A Al REAE S — Wi B 1) S5 AF (B M) Th 7 ZEAR
B2 B B H oz i A B R BEAT 5 T A
T BB H Az SRR AR T A — B B
4 75 1 TG B O AR 1 OO, DR G S R AT R R S
P

dB_

t

AR

B B AR
R ek TE S RO B R
i 5 H iz
i & 2R A
H iz B IR AL

B fmss: FZ e M AR
AL | ot AT LR

B2 Rt ESESEMMREIIER

Fig.2 Framework of two-stage model of energy storage

configuration and operation
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Optimal configuration and operation strategy of energy storage
considering cycle life
WANG Zeshuang',CHEN Jiajun',ZHU Jianquan'’, YE Hanfang'
(1. School of Electric Power,South China University of Technology,Guangzhou 510640, China;
2. State Key Laboratory of Security Control and Simulation for Power System and
Large Power Generation Equipment,Beijing 100084, China)

Abstract: Aiming at the disadvantages of energy storage in life and economy,a novel cycle life calculation
model of energy storage is established,and on this basis,a two-stage optimal strategy of energy storage con-
figuration and operation considering cycle life is proposed. In the first stage,the capacity configuration of
energy storage is optimized with the investment limit as the constraint. In the second stage,the operation
condition of energy storage in energy market and frequency modulation market is fully simulated during
the life-cycle, and the proposed cycle life calculation model is embedded to consider the cycle life loss of
energy storage in each charging and discharging process. Through the joint optimization of these two stages,
the comprehensive benefit of the configuration and operation of energy storage can be effectively improved.
Considering that the proposed model is a two-stage mixed-integer stochastic nonlinear problem,which is diffi-
cult to deal with by conventional methods, the alternating direction multiplier method is used to decouple
it into a series of subproblems,which makes it easier to solve. The case simulative results verify the effec-
tiveness of the proposed method.
Key words: energy storage; optimal configuration; operation strategy ; electricity market; cycle life; alternating

direction multiplier method
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Table A1  Technical parameters of energy storage
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