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Fig. 1 Schematic diagram of photovoltaic system with battery

R E B BTG

JOAR K F B TTRE K FH RE % A2 IR L RE , AL B2
FH HE R R 25 07 i L R T I o AR e L B
T RE A% i A4 f5e R ) 3 5 00K L AR B P E (4
VAR E ISR ) LB R GERE AR (BRI (il
JEE)HRA 5 Z i F AR JEE AR LA H O R AR
PRI, DI PR A v B RE A i Y A9 e R DR LA H A
RS, A R AT B OER B

1.1

FH P H T 255 SRR P v A 9 A R
B G, 0 AL H A AR, A W s 25

— M AT R FHGE Ty AR A A5 I A g sk A
5 TR 5 30 S FR: 3y TR0 iy 28 R A7 gy TR b 2K, 7
AR &R e .
12 &

1) & b AR s A 547 1H

Wit 5 HE L AN AT AP 2 B AN W
%, EEAGRM . 32 E E %K H e 58 It (INES)
B RE LI E I R FE S B TR EE T,
5 HL 9 5 i i) HG A i TR P R SRR 3R
AT TR, TR R A G R B AR R A
i JE U N A T O B 2 H L SSCA T IH R,
B 1 kWh BT IH A

(1)

A, fi—FHRIITIH R, WkWh; Q —HA:
i A Y B e B kWh; €, —— & B
JE T WA
2) & ML A T HE Y 3%
MBS T4 S B R R A R
AL LR C R T AT LR R A A L
BT AR REGEN £, (¥KkWh),

2 APREREHRALER

B#ReE £

LI FOehif R e r 42 H s 47 A /o H s
{ER AT . FERUAS S B 18 eI M R S S
Pic Fi I 1 L RESZ T3 R LT R T TH A 5 4k 3
A o PRI, H RS R ECTR

min F =

21

Z[fgm_inrm_i(t) o iP a0+ ]2( fu+1) AEi_j(t)H At

(2)
X, N——1 d BB BERG M ——F f b i)
WA f,—5 j AE R AT IH A, WkWh;
fo, — 5 j 4L E B Y ZE B AR , WKkWh;
Soaes —TESS 1 B BN FH 7 28 G2 1] H, 6 ) HL 1) H,
W ¥kWh f, ——FE5S § BB ZR 458 0] HL
B LY, Wk Whs P, () —— 165 i B A P



114 wOIEAE. B ERTBO A A E Ltk L P OB IR REMALE TS 3099

RAEHHMZ B R kW AE () —* j
HE AR | AT BEN BRI A A AR b i kW,
= (3)Frs .

2P0 >0 B FR G I H I L Ot i
Suiaei 205 friaei =052 P, (1) <O B H P ARG 1) HL )
B BER /0o >0, [, =00

Psh.i.] (t) (3 )

K, Py, —5 j HEHIAES | B By 78
A kW, AE R Bl g, ——5 j A
R AR ROR s ., — 5 j A E R T
BOR, P, >0 6, BEE bR, tE 9, >0,
n.,=0 ;24 P, <0 B, HI % 1yt 7, ok
I/m,;=0,7,>0,
22 AREH
1) ERER L D) R 2R
-P,. . <P,..<P,.. (4)
K, P, —5 0 BFBCR GG ) L I F Y e R
DR kW P —5 1 BB ZR 40 1) H  85 FL 1)
IR, kW o A LTI 2R 5 ) by 1 7 [l o
2) RGN 2R
o+ P, +P, =P, (5)

:Tit"JF‘ , Py, —% i Hﬁf&ﬁ‘ﬁﬁﬁ%iﬁﬂ@ﬁ?ﬂﬂﬁﬁ kW

AE 0)=P,,0m;+

P 55 1 N BOA D DA OE kW,
3) % HL M S L D) R 2o
-P sl»max—,jgp sh.ij <P shmax + (6)
LA, Py, 5 j A E TR R R kW

P, — 50 j HE RUMBTCR I RIS kW ., L
JBCHL A5 16 BT 6]

4) 7 HLI I R AR AR AR

5 AL AR RSN R AR T Mo N
A E,,, , FEH NG E I B R OR T R A

E, <E,<E,., (7)
Horp 6 F5 jAE MRS | A B HL v
FIRAE E, NA

EiJ:Eo.j"'ZAEkJ (8)
=

K, E,, ——— DAL TF G I 26 j 408 it
WA A 455, kWh,
5) & M AE— AL 1A R s AN AR

SAE, =0 (9)

FETA LR A X (4) (5 fF
TE BERR A, 200 451 (3) FEAE A [) 25 Ha Tt 2L 1] 7Y
e
3 MUEENEERSMHBMALEDR
RIS
3.1 MRUEEERE

DL EARAGE TR, PSR A8 £ hy 45 5 F Tt 4 1
By s R T A R A H R R A
e [l — %5 FEL Tt 41 451 B B 1) e SR A s A AR
(1) 5 M T A RGN TR 20, ir AR TR
PR BB Y 75 PR L 2E XTI P R 3R AR et 2 A BRI
K H bR R B R R TRAE BN RENEA
JHCHL I R ST SR A

W ANACER I 0 N A B, A R4
A MR R R A E HL T, DA AP TR
WA MN PR, LR A Z 5k 1k
B I SR RCRAE R F AR, S ma O Ak 2 1 SE bR
A,

120 2% 22 FAR e AL AR AL R A B A oR 8RR 454
LY I HL AR R 3 12 A A 4 3 4 P A
R, PR AE H bR sR L 3 i R R A i AR
XHEAF S, 5 E At 5o AR N AR [R]85 H A
WASHHIR, B LASE 2 715 B3k (0 00 s e AR ASE 780 DA 7™ A%
o R AR AR o> BEA PEAR A

SCHR (8 1Hs & i Tt e i FEL T 35k 1 A 3
PSP AR 1 7, B 7E Ha T R Akl T % (E iy
T —F i X 2 ANPRAR R R 1A B
i, O A — I BX 2 MR AR R —E A 1R 0,
FRVAZSC NI T 1 AR & B — &
FL b 78 [ — BF B 1) 78 FL T S5 R L 1) 2R (1) Sfe LA
T 0, 5K 1 AN RE AR/ L=2MN 9L
R, PRI UL SR AT B B SR A e ) 54

AR SCHG L Y T R DR R AR 2 AR
An g, FURE AN H ) 22 B DR Rl 2 AR
i, EAHTE BTR e A B R, (RRISCER (8 IR



3100 XK [H

% i 39%

[F] BRI, AR SO AN ft 3R P ) — i it 20 ] — i B
114 78 L DR TRy 03X — 2 A, T2 ik
A BSOS W AR AR R 8y ] — o B R 4 Y
2 AR AS IR (AR SURR N SRIBRBR SR AL ) 78 2 R AR F
H R SR O B i A R 1 S 2 A
5, VUHE T RO 4 A 0 3 A58 200 ) B 2 A SR e
fire, ELIR A 2 A SR PR 5 28 A 24 SRR 1 P R R
LA SCI, EAIAS 2 R SO B 2008 3 Hh G 2
A, HBEELORIE T 2 A ORISR i 2 — i e
H 0.

28 Ak LI A b Sty R T A A o 4R
(X TFAFAE L AP B, XA R A LA
T ) R A — 8 2 AT B B AT o LAl
Tk N — 0 AT AT IOt e 3l e 45 R R4 /Y
F s B, R T AR AT, , B E 0 ]
PR AAE AR B Y TR, W5 B IR T X 7
PR AR A R E B o e A o DR A A
1 T7 REA LI R BRI RO K, PR
AR AT SR AR I A T A
FIR AR AR TR AR LE , RO TSR /DN, SR A AL
A AR % 08 I BORE S BT R v A3k B
Lf -

Zi LB AR SCR ) i P ARASE 2 v By A A T
B HFAR  F TR BUE AR AR R R A
o RE BT R LR RS, S A A n] AT 4k v
B R T IR 8 5 DL 75 A SRR L W] AT Je [
LH i A A o A R 18 B DI
32 fRAARBL

TERI AR | 25 16 335 v it e A AR UAS
Bk &SN (B IR € RS S <N B el
FL LA 5 65 LA AN — S A T ERO R
RSN N B IR P 0 753 OH P R S 1w

N M
min F'= Z[fgrid+.ipgnd+.i(t) _fgrid—.ipgrid—.i(t) +Z(frl.j +f;nj)(
i1 =

A, P, ) —TES @ i BEi 2 55 1) H 9
MITI kW P, () —— 1655 i BF BT RS0 1) il
PR LI KW Py, () — 50 j A& 7S
I B RO (B ) TR kW5 P () — 5 j 4l
AL RS B e () T kW
SuiariP e i = fraiaoiPia— ) —— PO R G S

LB FL I 36 P, () FH P R G5 1) H ) R 1 %
P (o) 5K E o i FE R T R P 0) PR L E
Lt S FL T P () B B IR P, 0)
mE 2 fis .

FPOBIRERE R S
Pb
» ﬁﬁé@iﬁﬂﬂ
gt e B | NP S
o éié e [ SR
—_— P,
BT

K2 PegAc iR

Fig. 2 Decision-making variable split
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Fig 6  Solving time under different numbers of time segments
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RESEARCH ON OPTIMAL OPERATION OF PHOTOVOLTAIC
SYSTEM WITH TIME COUPLED STORAGE BATTERIES

Cao Wei', Qian Yiming', Shi Huanjian®
(1. College of Electric Power Engineering , Shanghai University of Electric Power , Shanghai 200090, China;
2. State Grid Zhejiang Cixi Electric Power Supply Company , Ningbo 315300, China)

Abstract: Considering the PV output, load change and the electric price has obvious cycle for one day, the operation
optimization model for photovoltaic system with time coupled batteries was established. The model is nonlinear model or
rather piecewise linear model in the whole optimization cycle. In order to use efficient linear programming algorithm to
solve it, the model is transformed into the global equivalent linear model by piecewise splitting some control variables and
equivalently rewrite some constraints. Compared with the original nonlinear model, the transformed linear model can not
only get the best operation scheme under both time-of-use price and real-time price, but also can be solved very quickly.
So it can be used in the day-ahead operation scheme as well as the real time optimization. By varying the depreciation
coefficient, the profitable depreciation or the profitable battery cost is predicted with the actual time-of-use electricity
tariff in a province in Southeast China.

Keywords: photovoltaic system; battery; optimal operation; Tou power price; real-time electricity price; residual

capacity ; time inteval coupling; simplex method



