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Layered iterative method for allocation of mixed energy storage capacity based on
levelized cost of storage in large-scale new energy bases

WEI Xiaoyu', ZHANG Junjun’, CAI Jiaming'

(1. Shanghai Electric Power Design Institute Co., Ltd., Shanghai 200025,China; 2. State Grid Shanghai Municipal
Electric Power Company, Shanghai 201600, China)

Abstract: This paper proposes a layered iterative optimization method based on levelized cost for the configuration
of mixed energy storage in large-scale new energy bases, considering engineering practicality and solution
efficiency. The top layer utilizes a simplified energy storage model to preliminarily calculate the total economic
capacity demand for energy storage considering the new energy absorption rate and interconnection line power
constraints. The middle layer calculates the levelized cost of alternative types of energy storage based on the total
capacity demand and the characteristics of different forms of energy storage. The bottom layer selects the energy
storage form with the lowest cost, considering constraints such as scale limitations, cycle efficiency, charge-
discharge characteristics, and cycle life, and performs verification calculations, which are then fed back to the top-
level model for iteration until all constraints are obtained. The effectiveness of the method is verified through a case

study of a new energy base in the northwest region.
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Fig. 1 Structure diagram of grid-connected new energy system
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Fig. 2 Flowchart of layered iterative method
(1) TE
FIHIR A B BOR RIS, AL LASE & A i
AINABER, DABREIR M R 2ok . e Iy Rk
IR0 12K 38 il 2 A 2 R 55 R R AL SR A Y
frER MR AEMAES, PPHELSEE
wok (BEHRMA) |, REER AT,
1) HAReECh
F=min(C,+C, +C,—V_) (1)

res

2024 EE 128 | @i pd 9



c2 k370 | Theme Plan

Ko, C hiERE RGN, B i
% CofkRERRMER I CopBR R A |
Vi ik RE RGLTRIE
2) R 2R
Poen i TPexe i T Pvess i = Piia i (2)
KA, pon R Z I IR E R BIhER s po
i ZI R RIE A Th . (FTLAAAIE) 5 poew s
it % M R RE & B Gl ) 5 pues
Sl 2 A5 TR
3) BEAZThER . LR B
Pexe min S Pexe 1 Pexe max (3)
Ore o =3P 1% O 4)
KA, Qe man MIREE LRIV B KIE A & Ouve min
R S0 B/ ME AR (AT RUA) .
4) PRI IR H N

8760

;(pref,- plossf,-)>6_ )
0. "

K, p I ZIIFTREIR SR BINE po W
i ZI R & fif RE GV ITRE Zh 285 O, o BT RE R 4R Til
MR B 5 8 i A BT RETR CRFE THZA 2

(2) HE

R 306 i 5 b T R 45 1 R BOR R 3258, e
FrfifREEE AR IR ZRVEH,, SAffRER mWK, XK
FHSE L iERE XA (Levelized Cost of Storage,
LCOS) kil 2 0 i i o ey i A,
G, +C +C, +C Vs

LCOS = o (6)

€= ;C (A+7r)" )

C —;Mn a+r)y 3)

Coo = Loi]poy ! )
loss 77 c g (1“"}")"

Vie = P Co T (10)

X, CoATHWEHRY; CohHRMhE T,
Co izt s Co HiERERGIMEET H: Ve

10 %5 5 dl | 2024 £ 12 7

KFAE s NATHZATEMR s QN kR4 H
B o APTELER KM E Sk B C bt
FRRESEH TARIBE R ERE: M AE
nfERERE RGBT s n Wik RE R GBI R
PRATEHREA s phtHRERGEIRIE R,

(3) KEZ

PR RS B /NI G RE AT, R T A
R TR, IR T E Al R, WA E
SERs UL P RE R B A B Al 2w e L BR
i, FEPRUIASIE R 2ok, WILAIZ fif g B K25 & AE
Ak, EEIE, ERUE T KA ERER &
ks
2 fEgEIRE

i RE 1 25 H T D A i N W, ¢
HLRE G (b2 RE B3 R s 76 W D A R I 1] H 0
IMAHRE, JER L2 RE S R L 4 HLRE
2.1 fEj{LiEEy

FEVHRET S 7 e S s e, it ok A
WSS, e R RER A R R,
BE A 7% P2 RE e A o F v A SRR T AR, b 2R
BTG B, AR AT,

1) BhaEZ)R

O <l’iiin < uipciin

(11)
0<p, ou<U=u)p, o (12)
X, p o MIEREBUE TR INE s p, A K BEHT
TE I ER s u kil ZI TR AR A R, 13k
ARTEHRE, 0ORIRIBHIRE s p, W A fiEREIRT %I
MIFE I E s p, oo A i R ZI AR Th 3R,
2) RELH
SOC,, < SOC <SOC,,,

(13)
(SOCi—l Sc + piiin _piiout)
S

(14)
AR, SOC AfiBREilR Z1SOC; SOC,,, Afikfe
BT EKSOC; SOC,, hikREE T LT
% /NSOC; S A% HICHE RN &,
2.2 JEZARERY
il REAE 5 Pr BE 2 4 i 2 v A7 R FURE, X T

SOC, =




He TV HEAL A K BB RE DAL i6E 45 fitr e 2 Hek DR AR MC 0 2 A0 14

W&, a6, KRR EIE S K
LA AR AL, L2k RE T i mE, =
TEPR R B PR . DR, 4 PR OIE B & 25 50 2 5
briz TR 2Esk, KRR H AN A g T ica, At
BT,

1) h&ELR

Uil in SPi inSUPe i (15)

Upilost_min S Dr_ow S i Pe_ou (16)

u, tu, <1 (17)

K, w Al AW R AR &, 1RRTE AR

A, 0F RAETEHUIR A 5w, A il % A R R A AR
o, IFoRBRURE, 0FRAEHORRE.
2) HEZR

S0C,, < SOC, < SOC,, (18)
Hr
SOCt = (soqflSe + ljiiin _piiom _piiloss)/Se (19)
112,
piiluss = (1 777in)pi7in + —tpi_oul (20)

out

KA, pios A EREI ZIRIHRE s 7, K 7 HL K
ETI ) N &
3) EHRF 2R

ncycle < Ncycelimax (2 1)
Eiio
(pi in + pi oul )
- S (22)
cycle 2S

e

R, neyac A REREETEIRIREL s Neyore max A fifi BE
FUVF B e RAR DB PR B

3 BEflawm

LA VG b R0 K1 397 e 10 ik b 3 o L A 326 R
DRI ], TR UE BT RS 5 3 B S R A
Rtk
3.1 mMEERER

(1) 328 v 497 e 18 4 b JF 2R R A5

AL 44005 kW, JER A1 200 5kW, ki
K14x1005kW  (F/hEAR T 30%) .

(2) B ih 2%

R £800 kVE: & E A A, AR

Theme Plan | BE3 k31

EERE AL 000 kW, & THEFR /NS ECh
5000 h, &% E {8 e h 2L anE 3R,

~ 07 ¢
206

05+
¥ o4l
R04T

01234567891011121314151617181920212223
I %]
— HHE — HAF

B3 SMEERBEH NG
Fig. 3 Transmission curve of HYDC
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Tab. 1 Operating Status without energy storage
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Tab. 2 Detailed results of the top-layer and bottom-layer for each iteration
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Tab. 3 LCOS results of middle-layer
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Tab. 4 The results of energy storage capacity
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