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Day-ahead operation strategy of an integrated photovoltaic storage and charging
station considering carbon emissions

XUE Guiting!, WANG Liujun?, LIU Zhe?, LIU Changjiang!, CHEN Hanbing?, SUN Weiging?
(1. State Grid Beijing Haidian Electric Power Supply Company, Beijing 100195, China; 2. School of Mechanical Engineering,
University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Given a background of "dual carbon”, an integrated photovoltaic storage and charging station (IPSCS) can not
only alleviate the impact of a large number of electric vehicles charging on the grid, but also can use new energy to reduce
carbon dioxide emissions. It is gradually becoming a mainstream form of electric vehicle charging station. In order to
reduce carbon emissions and obtain the optimal operating economy of the IPSCS while meeting load demand, a
day-ahead operation strategy of the IPSCS considering carbon emissions is proposed. First, a scene generation is made in
a data-model hybrid manner, and the improved kernel k-means algorithm is used to cluster historical data. This in turn
generates photovoltaic power scenarios. The load scene is generated by a variational autoencoder. Then, a mathematical
model of day-ahead economic operation strategy with the objective function of power purchase cost, carbon emission cost,
and capacity electricity fee is established. Finally, based on the historical operating data of an IPSCS in the Beijing area,
the results show that the IPSCS uses the above-mentioned day-earlier strategy to obtain higher benefits and verify the
validity of the strategy.
This work is supported by the National Natural Science Foundation of China (No. 51777126).
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photovoltaic storage and charging station

2 ETRARINEESRER

FeAR I BV 78 A A BRI BE AL AN
e, I tE i mT LS BEA LR FEH LA
EME, AEREEMREERI R, £ ERE iR
TR I HER Y . JETIR A IS R R TV
WA 1)CHMERS MR, AR K
WA SH, BRI EA NS5 2)k
IR 7 AT AR Yl it B s SR B B Y HL A 2 43 A
T AR SBT3 35
2.1 REDIHRERK

TR IR/ IR 55, ARSI
FeR AR KX A, 10— KRS AR E N
T, MELAEFEARYE R SR e Rt 17K
W H R A et 78—k 2020 AFSGARTT R
BATHARIAT RIS, FELA AL TP F0E
£, BBV AS [E] B9 H 1K DL AT 37 5 2R

154t k-means FEAFIEA L, CHRH—

RAIE SERE S EFENRTERS, AR I
AR PERGZE 1) AR RIGG /s 2)f%8 48 k-means PARK [K
FE B A WA A s A AR, A AR f i 3A AN R
(HRR BB AH F A S F— 28, R A AR
Z BT 3, A SO FH AZ eR B0 AR AR 4
S N R R AE S TR, AT R
k-means . HIRUIT:

(1) EFAZ R, Wi 2 MR, R



FEDHE, 55

5 FERRHEIBUNI G il 78— Aot H RIS AT 5% - 105 -

Wi R B ROR AR

K (X, xj) =exp =

_”Xi _Xj|| J 1)

e x v x WREAEHE: o NS, IEHI L
(A Va2 x v x; (RRR R B 7E S — Vi
WIS, FEE X W (x, ) Bl X FARALARH B .

(2) R4 “BHEE” #UOBR BRI R 2E
ke

(3) A H k MWIERTE KL ¢\Cy0eer,C 0 AT
TGN R BB 2E, e B I 2 1) FH SR Bz 1) S5 A
NI TE S22,

(4) THE & Bk ANREFOLIEES, KRR
ANEI RO TR I REAE % S BT (7%

(5) X MR EFF BT RSP,

¢, = %Z x @

A CONE AR x AR IR

(6) EEALEE). (5), HEFTHEIE SFIELE
HRC R B 2 R /S, 1S B 25 AR MR R LS R,

R N W AN 7] 58 28 1 2% SR AT SR FH #E 3R AR Bk 1
. BREWE, BMEAREIEIIERE R s oF &
TEN

b-a
~ max(a,b) ®)
X a AIZFEARE B & BT &N G AR AR T
BIPEEL; b WAZFEA 5 BB Bl (0 5 BEAR 1)
BIPEE,
@A, FEmABNEN T, 20m. X
s M 1, RIZFEAR SN AMPEAR TR, &
R Ms=0, RUZFEARL KN MBEIMEAR
TR, BEATS: M s Bzin-1, £WiZ
FERGEAMEARTEAAML, RRBRZE . Hitk, ¥y
FOR RBUEMK, TSRS
REMAFMeREAEESS, 7354 otk
e MRHEHTTL, Stk 1S 2 A 2 2R Beta
I ATBURA R AR 206 H I IR Beta 43 A
FAHFE, FRHG— ARk, Wi sttt
ZIRIRZER K. R, SREU I 255 %) Beta
R, HMER B E RECH

_(a+p) a1y s
f(r) =TT (N@-n

4
r= P- IDt.min ( )
Pt.max - Pt.min

e B~ P 7090009 t I ZDGAR S DD ) B
K BUME; PN EIRZDER I /1{E; o « f 04 Beta
DAKIIRS G TRRMMSHE. o p REWH
e RN TRIRG Y FROYI SR WM T 22 5RAT, TiiE

T
a=u[”(15_2”)—1} (5)
ﬂ=(1—u)[%—1] ©)

e — BRI A 2 — I 2 D SE e Y = [R,R,
PP, RHEBKNENP,, » MEAR, - B
Je, UWREHZNZIN s, RIER(E). X (6)KH
MR e B, 193] Beta 53 A MRS LI 2k .
o AR B - 2t AT Ry, 458 %2
=R Ai R 2

[ f()dx=F(x) 0
A x NEEHLAEE; f(X) ABEREEREG F(X)

B, PHZER R RAEEM R R E b
BEHLRAE, RAF—ADREILOMERME Yo FIH(T)R
W, BIRIAS35 Y EXRM x KE v, #ETEE]i%
WZITOBRE ) Pe K n UG, 70al#33) n HA
[t P, HUILSPIMEIEAZ 21 I E . B
R AR R, A REAE — MRk
JIHi %%

2.2 SIfaTARERK

5% RIpBAERAR, EV KT RA B
AR IR A, 5ETA TR, 1THEE
BORIHHAT IR 6. T BB E A FHL A, AR
TR, HMER A A IRR IO . Rk, TR
AR 4> [ 4wt %% (Variational Autoencoder, VAE)
ke msti I sl . TR B RN TERNT EV
(s G LA — g s2mR, 0oy Sl TAE H AR T A%
1 0 A7 7 SR 2 o] RS, 5 A9 BN 5

VAE I 5c A4 i FR an il 2 firs

55 AN, 1)

fiti L -

it FH¥ f\
ET | kit
AN Ii’? it Al
e oo oy B

URTES . # I
X Frife i !

i it

g
z

2 VAE % pRIZE
Fig. 2 Flow chart of VAE scene generation



- 106 - LY EE X T EE R

VAE 75 N4t &s MRS &, 9 At a5 F Rl 2k
EV 78 HLI S SR 4 X, 75 BN B 1 RO R 4
i, R HA R BMER T 2. ARG, Mmlis
A NO,1) FFREHLRFE, T TRk & Z 7N
i BN . e, SRS MRIS, w153
78 B AR H 5 4E TR H i 7 s e ihi 2%

3 thEF—AusARIEI TR
3.1 BfrE¥

PRACKEAL I A bR BUEL 5 B H IR W R AR
B A . A B DL S B A AR S, BARGTR .

max C :iaW(ES\, +Ey —C¢ —C¥)-C, —Cp, —Cy

®)
Arb: C oAb A wABRFS: o' W
Stw HBLOHEE: £ AR w I EV 78 e
EY R 5 w R s CY N W R R
T R G bt w78 HLB CO, HEMC
W CONAEMM, Co . Cu AHIIIRANGE
RERE A
(1) 4 bl
s BRI EV 5 28 L R AR 43
Fh 4 10 B OO 5 o4 O 25 «

24

El‘évv = Z(HEV X IDEV{I/’I X At) (9)
t=1
24

E¢ =D (c x P" x At) (10)
t=1

e 6., NI EV SR BRI o N t I B
HL P FL R BT 2 s Pl AES s wo R LB
FHEIIE; P AMES R w R t I B R ) F
LS IpPI B S
(2) I B A
OGAR T 7 DA A BETR T R AN T 78 L 75 5K
I, 78 FL i 7 1] R R A
Ce= f:(ct x P x At) (11)
A cON t BRI R Ry NTEY
w Tt IR B HL IR A Bh
(3) BRHEURA
7 FE 3 ) L DT 0D 1) L R R BE KR 140 K T H
J RS, A SR HE TR RAS 7S Lt AR A
Cl= f:(ﬂ1 X C, X P x At) (12)

A A8t BIBRHEA 5 ¢, AEET 5 COz

(RHECEE FH o
(4) BEBA
70 HL il SR P PR A L, DRI AR 1 R 2 6 9
W= (13) s .
1

Cq =350 P (13)
Wp: o MM EBD: P™ N—NHHR 30
min -3 £ ff 1 B KA -
(5) iz 4 A
B ARG R AE RIS LE A, fiEfREiE 4
JS A AL ] s R AT AR R 4y, A R AR Ay i
RY T B R E
Cpy = P L)
PV PV ' PV [(1+rp)y _1]
ri+ry & ot , pad
m+§%s[%s + Pyt At (15)
Kefe Gy O O S AR ELLELERRA L
R A RIS e A . AT HESISRA: PUN
SRR T Z: B NEREAIE A& rP . r' Ak
RAERE ATy« Y e R A RE B
#AERAEA P PY RIS t i BHkRE
FEIINE
3.2 REH
3.2.1 fRELIR
ik B 1) 7E T FE T 2R 52 X0 i) T R AR e e 5
ML, SOC MHAMRASTH IRFF 5 Maifr RS
AR BRI (16)—=R(21) FTr

. E'*SOC_.. —SOC
Po< mln(PB";ax'“sf, BS nm:Z " ‘1j (16)

_ Emax ) d
P;S't< min(PB'gax'de, (Soct—l EBS SOCmIn )77 J (17)

(14)

CBS = 05 Egsax

At
s +s'<1 (18)
ctc d,t d
s0C, =50C, , + Fes” Eif;j POAL 1)
BS
SOC,, =SOC, (20)
SOC,, < SOC,<SOC,, (21)

A Bt PR S A ik R B K TR D
st~ SN 0-1ARE, FRMERERIAIUERE: »°.
n® 7 A AR R SOC, . SOC, 434l
NFERE— RIGAR G HURES s SOC, Ui RE t I BOR
[Fifef HORZS s SOC,, ~ SOC,,, 73 Bl 5 K fe /N
HUIRZS .



5 FERRHEIBUNI G il 78— Aot H RIS AT 5% - 107 -

BEEE, 4%
3.2.2 YFRPHLIR
Pes' = P —Pas (22)
PV + P =Pt + P + P (23)

R, PO B w I .
3.2.3 75 HLI 5 R T) AL

F5 L3 5 K L FE R T R R A A R
I, AR A R R KA

0< P <<u’PY™ (24)
0< P! <uPy™ (25)
U +U<1 (26)

A u) s u A 0-1 AR, KRl At
DIZTTIE: PY™ L BS™ 435 9 78 H sl 5 H I ]
TFNE IR

4 BHISH

4.1 SHRE
R 8 1 5 T RO i 78— AR S R S Uk AT R
B, EREAE S 2N 300 KWh, I K7 IR N
54 KW, I KJHIREA 90%, SRR K HINE
79146 kKW, & RAREPEUNR 1 iR, HERE
PRSI B, DX %o B R T K] 1 PRI S W, % I B R,
CO H I 7~ 4n &l 3 o, ZRMGRIHH IR, FIY
EAE L AHE.
F1REBHEK
Table 1 Equipment parameters
Jetk fiti it 75 Ll
. =926 Ji./KWh 0., =1.6 7G/KWh
O, =77 TCI(KW - £E) _
Ops =5 JGI(KWh - %) Ceo, =0.07570/kg
r'=005; y =104  1=0.997kg/lkWh

r=005; y=20%

1.8

1ot

COHFILIA 1A(kg/kWh)

04

0 2 4 6 8 10 12 14 16 18 20 22 24
[} )/
& 3 CO HE AT

Fig. 3 CO2 emission factor

T EAN AL BT IX K Tk 10kV DL H
B, WiER 2 Fss AR N 48 Ju/(kW -H). ik
70 FEL AR L A S L L3 B EELAN 1 80%

32 FEERISEAE SRR N

Table 2 Time-of-use electricity price of charging station
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