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Abstract: As the energy crisis and environmental problems
becoming more and more serious, photovoltaic generation is
drawing universal attention as a sustainable and clean energy
source and the application of energy storage system (ESS) is
increasingly widespread. However, the promotion of ESS is still
faced with many challenges which involve the high cost and the
difficulty of profit evaluation. Based on this, the influences and
economy of the application of ESS in PV integrated system are
studied in this paper. Moreover, the profits of different types of
ES are evaluated and the potential possibility of PV-ES system
taking part in power market ancillary service is discussed. An
optimal configuration method of ESS capacity is proposed
considering the benefit from system frequency response service.
Simulation results indicate that the application of ESS in the
PV power station and the participation of frequency response
regulation will increase the total revenue of PV stations.
And it is found that the weather patterns and the prices of
ancillary service are the sensitive factors which will affect the
configuration results of ESS.

Keywords: PV-storage combined system; frequency regulation;
ancillary service; optimal configuration of energy storage system
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Fig. 1 Structure of PV-storage combined system

i REATETE N AR AR TE H AT I T 25 R ik
A BEAE MR ST LRI SRR A e g, AT
ot WEFERET, BAEfERER U 6 £ a5 L A
BTN (1] S RN U TN i i 3 NI - D L N v B & 5
S, UL REBORTE L AT RE IR 2 i b, BR T
FARRHERSL, & FT LRI IR 55 117 37 b R A
(H221,

2 EEBNAMBEKE RES SN iERE
FERUERERE

TE#BE N AL AL PPAGIFTE h . R RITEL
SRR T TR R H AR R, AR
T BRI mi2E s, RS R HAR/ 2 B AR 2K
PeARLNE . BERGESEZ 0, W R HSRE T AR A
FIRl e Bt AT ke N e il 1 77 3 BEE b fig
AR OCPERT DA BIGRAE,  (H— B0 F AR s BN 20 5%
PFRY IR R HEB™ K o ASSCHE T ] 4 ik ISR



Vol. 1 No. 3

ERE. BEIMRKERRSSMEMNIIERESENEETE 363

FE, RABCAIALTE R

MOGAR B3 04 B2 2% B A RE SO IR IR 25 R 48
eSS RIS b i S S o K P N S Y )
WA, ST IEA TR R RE A R (LB E AR, B
TEOCIR B T e D R A AR A, A B2k
P S AN ST R SR, T ARG REIR & R GE Y
Weti. AHIESRGMRZIBMIELHEM, KRG
WA BRI R C A A, 7S B AR T 2k
ATTIER A -

2.1 BtrRE

I F AR AE A RE S AR FR N e R AL AR L ol 4
FaRd, HORRERER MR el S KRG e
T 4 0 6 SO B R 3L 3 A i B e 55 T A WA i Y

i RE R GENA T EH I8 T IR 2 AR S aa 4TIt
HIE AT IH B o B0 8h 222 AR Coh A A T
AL, =l (1D FiR.

CO =ﬂ“P ’ Pbatt +ﬂ’E ’ Eban (D
Hrp, P JHIE, S35 EE R D325 fe FIRE 2

T, AN A3 R I TR AR S AR
fiff BEHEL I B — R ST CAR R A SR LAY AL, %00
P HIBTIRAC, o, X (2) FR.

(L~ +
Cop,t _(Ebfr,t + Ebfr,t + Ebloss,t + glc,t) : /10p (2)

HPEy, FORBRAE RS04 eI BERY RS e i, B et
B TR B I HL R, B FORBHRE RGN
BN i, B T AR D A B, B,
et BN AR RER L, SRR R BB R A AMEE
i, A WA IHAE AT A .

I, TR B IR 55 T 3% — o
SRR, RIS PR S B R g, VRO
EIRA REAET G TP IIOA « SEIR LSS i Be e )
T AR A RS R, AT RARN :

R, .=2,0, 3)

MOGCARIR G R Gl THRALHBIIRS 2 5 R G
A Ry, FT7

Ry =Ag &y 4)
Ho, & SHOCHEIR G RG0S 5 A0 10 1Y) AR B
Age SRS v K L T 2 S 0 1o () M A%

SE &g MEq SRR G R LS5 e i
AR B PR A i, PR AR RE, R4, 2 (4)
AR N

Ry, = Ag Juet, +(1—u)ey, ] (5

Ferbru g AR D5 T ARIC e R fae, =1, A3
M fu, =0, 21, HAreREAT UL (6) k.

365 L
JZ—CO'CRF+_Z[Rm,t+Rfr,t_cup,t] (6)

t=t,

y= ) €
(1+r) -1

X () FRTEMMRE A ar NOCHEIR & R EMas . H
MCRFNFAEEREL rAMIAR, YREREINI R,
DRI REL NOYEAEI [ BURE. J REfE—%E
R IRBOLRIK G RE LT, RIUREE LR
wli IR R o A O D7 R AR H AR R
BIRE, T I RERIUE TR A AUE A,
JCR i RE R B AR IS %

2.2 HREMH
(D Z 5B RFAE2H .
JCRERR G FR LS5 v 43 L AR ) 17 F) 951 FE

T €1 R E DGR FL B RNk BE R G R4, HiRik
Kk (8) Mk (9 FrR.

CRF(r,Y

e =PV +Eg /0" (8
E4.=PVi tEg. 1 (9

Horp, PV FPVe S5 0 AR RS 78 R Go R T g b
I e HL R R GEAT R B AR S i & i i, 7
1 R G R F b R SR A T L AR

(2) RIATFR B 4 )i 24 5

T R T R G R B IR SS ARSI
A B R AR A I 0 DU SR B A R A 2 Y,
EI]Z

Ery ~ Epeq =0 (10)

o, o ARG IF RS TS5 1 ¢ o B T 4

B, 5T T O IR A RN 2
P
(3) SR 2.

O, =PV — &1 /" (1D

T, PV KGR HL S EFS IN B L B

(4) kel R L 2T

PVoens = Epumat = PVies o =PV,
Hor, PV e BOGAR Lt vl LA A i 25 I 25 5
E o N BOCIR IR R AL, OIS E . %
AREB TR i g, AT SRR S S S
R 55 B PRI R B T T —

+PV§,1 (12>



364 2IREE

R B AR

B1E 3

(5) &AL,
Epui + PV + PV, — PV =EM™

beu,t res,t frt frt req t

(13)
PV, <O2E, . (14)

Forf, BT 3 S MR 0 R 5 B AR
B-0.5 Hz) TR HVs Ak, Wl dosfkit sl 5
P R A T o PR A R AR AR IR
FH R A S L R I TR AR 22 O
oo I EARRRERT AT, WA DA F I 2K

Ebcu,l ngan : T; /60 (15)
Ebcu,t : Tsus / Ts = Ebc,t ( 16)

K T o RAEE A B B[] G, E,. o8 B B AR BEAS &t
T o R B L7 AR S (R IF ], PR TIE £ B5F B N B RE 25 ot
AN S R KT BRIl ae ARl SPHIE RS
FETH JE R R A48 AR AR A K
il RE RGu e i A AL 29 an =0 (17)~20 (23)
Jis .
(6) fHRER G H B2 TR
By =By = Eioet By — Enr = Eyjogs,e (17D

(7) fHBERESR I T FRATH.

E,. . <SOC,,, “E (18
E,..=S0C,;, " E, (19

(8) FHRERGETTHCHL I ARFR -
(&1ei+ Eyr)- 60/ T, <R, (200
(Bposss + Epe ) 60/ T, < R, Q2D

(9) BRERGIFEL IR

Erossi =Ever 7 (22)
&1, S12E o 23)

Hrp, SOC,  MSOC,../r B ERE R G SOC T RR,
¥ 7% LEAHRE AR S AR AR K L.

TR, SHERHE, « P Ef Enos
PVi . PV PV G5 AR . TR e
PRI R R G Y SE R s T BT KR 56, R figok
UEARZRMESE R, FTHIAZA0-178 5 BER R 1L AR
M, PRIRATRE, FARR R IR A .

3 EHlatr
3.1 EMEIERSH

BRI R AW 7 P, 90 MW, #5
RIS HOE IR IR . RGSEAR ] i e
B 152 5 A Elexon 2y W [ 25 3545 . MG HL
WIRILAE , RGMR L AARFE ST, UL e i ik 55 1)
At () 25472230 minkh |, R T, B30 min. HUH4H

HER S e AN AR 2R, SRR LA el e IO R L
FURZEITEFRES, XL rAE. T4
Wi 15 LR A A, R LRI AG HE LE Z 5 3 1

®1 HOSHRE

Table I Case parameters setting
BH HE BH A
FARIHCD(R) 5 Hdi A, 7200
B[] ] B 7 (min) 1 FEEERT T, (min) 30
HEREF AT Y(AF) 15 FUACHLR ¥ (%) 0.03
soc 1 soc,, 0.2

max min

THREFE AR 177(%) 80 | FHEREMCAELER n7(%) 80

FENA A, OB/MWh) 4805 | DA Ap GB/MW) 19300

PrHEA A CEMWh) 137 B (%) 5

SlEF L (SE/KWh)

0.4
0

s 0 is 20
I8} fil (h)
B2 FAZHTREM %

Fig. 2 Real time electricity price of a typical day
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Table 2 Cost and performance parameters of energy storage
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Table 4 Configuration results comparison with and

50.1 without energy storage
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Table 3  Configuration results of different battery types
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Table 5 Configuration results under different weather conditions
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