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mlxflul (miamla| |s| =] |[2[[2||ow||B]ola||{o|B=]|25(|2]]|2
wlumle| |=l=]= allell= . S| | e
i B L L e L] - L

Bl 9 fREBIRIB TSRS 7 R
N T BTl RE RGNS 25l X As AT L Br PR R, JATTE S /5 20 Xk RE R ZLMistT
Mo AEIXFMEOLR, S (2) HFhRE X AECE 1 50 kW/100 kWh Rl ER St
38 3 70 HE AT SRR T A e AT L ) SR AN AR S DL
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il REIZ AT SIS R] L2 D9 78 HLAR A RO o 78 FL IR AR 7 24 el DX 1 A e Pl el il L
D fa sKINy, Ke 2 RVB B RIERE RS, BERERER BB 2 RIHE T THH
AR 2 Il X R LB TR IR T A AT 7 SR INF, AAEBE R GUREIBUE T, A A2 J8 AR ()
i o
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e StOrage A ess= Storage B = Storage C

B 10 EHriEreaE
SERHERE R G T DUBEAT 0 M, Wi RE R SUE ] [X B RISITN &, JLF5%
WA A, XEVEX B R RE RSB, AT D X B K
B PAEEIEOR, R RS R TGS 27 T R T EEAE .
117 Fel X A KT C Rl BEAE A b, T AT RE A2 DR ik 2 el X 1)k B 55 97y 7 SR
NULHES, B Kk ERDSEEBARK SR, M C RS TR,
= Purchased Electricity A === Purchased Electricity B
Purchased Electricity C
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12 3 4 5 6 7 8 910111213 14151617 1819 2021 22 23 24

B 11 B
SRJE BT T R AR AL, I R R A a] DU, 5 el DX T H e s T R A
£, (X B A0 AL SRAE G _E I B 25 /b, 33 W B IR B0 PE v 7 SR I BT 2t
Pl b 1 6 A R R S
Fel X A R C B0 )5 AT S 2 sl 2 Wk E AR St I 43 B ] BE AN A2 DAFE 7 K v U
i se e B ARUWH, B KB E AL LA 7R
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A0, fERE RS REC B XTI X B HisiT & pr s o B3, I8P R B S T
Z A HIBEE, B RO T e B R R, AT AT RE AR T HE A R i T R
HABH LR, WTFEX AMC, BAREERSENICRAWEX B B3, HEAERER K
WA BT b g B B AN S F g, T RE IR A R
N T PRFHER RAM AT, SF R GRS BB R RN, FEH e iE
Re I AL ISAT TRME , B ORAE FEAN By ol TR SR e K R A e HR 0, DARTE R B A e )t
ITFH, MR KA TR A -
T ) i B B ARIB AT SRS I 43 b S0 2% [l X A2 AT & B s, fR BB LU =
KRR
(1) FRHERNYL: FEEMNECEEEERTHRNR, BFFEFER BT 7 m, #iaR
I F I PT PR AR RRYR, AT DX A EEL IR EE T AR
(2) JREEFHL: 75 HAN S B far 7 SR R R B B BOEEAT IO, X AT DAIg > T 3K
oo [P EL I EL g, [ I BRI B 2 5 1 B T SRR
() BEEH: AFFMHiEE—NZEMEITIXE, 1120%%2 80%[1) SOC, LLEKfiERER
AN FF IR AR R B R SR HEL

Gt T R = A SRR, VIR B REE 17 RN ST (8 T P A,
TR AT B AT . HE T, AR SCRHBLRE DL P00 (A LI e
D FoARANE: 0 F IS HARN By, B SRR SR, T
AEZE M. s SR /R 312 e FE SURTIOTE LY PO R 5046/ SR
3
) FURKE: LRI EL SR AR A R AN KR
VA R R R 2 SRR A S0 017 i BRI TR

3.1.5 HIEMEITXI
T HE TR 7R B R B AN B Bl . B T SR A RE IR X LN R

1. BATFEEHAT AR . e BN R ET B, 31X/ 8] Bd o 2 12 1) B
RIKA A, BRI, DLEAN 25, [R5 RSN IR R B T e
%

2. NPEFSRIEATIGN, AT DARRAE D s B AN R S R R TN H e ik, g A ERE A R
FHRAS SR 78 SRl FL &

3. WRER “abREIRY” , RIFEH T SREVER B, U MG RE R e T, b
T BRI R, AT PR AR RN AR

4, WIAERERSECE, P CLEERCDFEE, R D SR B TR . X0
PR AL R R AS, FE3E A R 25 1

3.1.6 THHEEXEITRFMERENE, HBREHERE
Bl%: &0 XIisiT e ik ses 2 7o

MZGFE R A AT, Gl V5] Jfif e R STz AT S AN 4492.29, fiffEARSE
IBAT G AN 421497 BECAILIED T 277.311. X AT AU (i AE RS0 51 N
T, AR RQ@sr it 8.

AL i B A A 78 FURTC 3 A, % el X RT DAAE A BUIRIN A A7 RE R, R
I AR R T, AT 1 R A U B SR, B AR T LA
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W ERE RGN, Al A BEIR AL R AN FGR B, T2 AT ROk, 4D
T RERIIA R, > 7.

fif RE R GUPTft 15 2 MR R RIS PE, 15 el X nl DUSE AT ot 2 H BRI =5 SR AT
BN, S VBT R MBEIR B 4 H 2K

HARMIfERED R -

() MFEX B, HFHERKAK RS, BEMEERFENECE, AR E #IX
s, JTHR R R EN AR, T R, > 7R AR .

(2) MTFEX AR C, REXLEREX IR AR, EEFRIEENZ, (FEedihe
RAFRBEAE R, 38 SR A ZE 00 Ha 7okl & 5 IR HE 0 5K

WGP AT RE R G, AT DA R AR e X IS AT 2 . XAMNPRAR 1 BE
PRA, AR E 1 a] fRAE AR A RCR R REIR B 45 5 2R o Ak, w] LUBREEdE 5>
HrATEE B RE R RERE B AR 48, P ILE RR IS AT SRS, SCBILRE IR YA 22 5 Rt A XL
EEAL.

3.1.7 RAEREN 5K R

R RS T T 23 SR PR R Fe R 2 ANAR, R 1 B S0kW/100kWh [ S 15
s, B R RESATERMEMRI T E, UIainiZ r R &R AT,

TERE AL ) 3 T 2 B FRATT AN B A BE AT LA 0 51 N 50kW/100kWh [HIfi B RSi)a, Al
LA BIH B A5t as . Bk, (R RRIBITHI R A 4492.29 J6, 1IEAT
Ja BB A TER ] T 4214.97 g0, SEIL T AR 277.311 J0. 1X— A BRI BLERIE
BT il BE RSB0 7 T N ARARAE B o WX T Aff S ] DLAIIRTIX AN 5 R A A 1

AARRERNERM TR, EEL TR,

a. XTI F N RE, RN R (R 5.2.3 B — B SLIX 0.

YRR B IR XOFNEH 7 —FE, BARREUE s/ ME S X LS AL A C o, B

[ 4R HH AR A A Bk 2 B R T B 6 o
H A v 5515 40 S0kW/100kWh 3X AN T7 ZE45 21 1995 [l X — R S Ak L e AR 55
T

% 4 50kW/100kWh 7 ZIEIER
[l [X. — R ) It E A KACEfEHE RSt M
X A 1889.65 7T 1949.65 JG 60.00 7T
I [X B 1094.61 JG 1216.15 7G 121.54 70
b [X C 1249.69 G 1214.73 JG -34.96 JC

e s, EX C MEFUE AR, XEWERKX C BB M6 RS A LA
B EAERE RO A &y, IX AT RESE T e RN E 8 A S 2L, 8 =N RE R
GAE X C HIE 1T SRBE A AL BN B3R AS o R L 50kW/100kWh 5 RFHEA 2 AL

MR DL _E ) 5 (i B s LAz AT SR, IWAE 75 20 7 Rt AT Ak, il 25 el X A AR )
ERETIR . RENRE TR,

BEHUA A AR A, TP RSCRR R R, A IR AR B

R VEMLRISK AR PR AL run lp BRECE T ZRPERLRI R @, BIREFRHEIIR. IR,
fiRe BN E R R, Jhe LTI EARMARFZMA (RN 523 32 -
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BCR IS Gl T s B, AR AN R T %, R R,
W TEEHAT Z R e 7 R A ELE, # ] optimize park BREUW 2 R R 5 RIEAT LI,
135 S0kW/100kWh. 100kW/200kWh. 200kW/400kWh 1 400kW/800kWh, %+ =L
A BRI T % -

DA R 2145 el X ) e DA e D 28 A 25 10 B 7 22 1) RE A 0 e v 4]

BT SFEKEREAEHIE

EE R e
e B SRR O EHE

XA FEREE = SRED (pu.) * 750kW

R

(
SRE— (RN TR s Rebfert, = RBif) (pu.) * 10006
SERAER = SERRIH) (pu.) * 600KW
BXC~ _~~ Kk = Rebdih (pu.) * 500kW

SRBE = YARE + NERH
AR BMURBA BB = F(WEBE * FBfN) + (ERESE * SURERA + figRENE * S(UIEMA
- TMges = (Purchase)
= HEBEIRES (Storage
 TEARTELOR: HERERGNITEE TS
REBROR: SHHERFHKR
S=TE: 50kWh E| 1000kWh, EFE1EE 50kWh
IESGE: S0kW 2| 500kW, EiEigE S0kW
WHAEURE, #ESHASENRESR

sEBppERErE )

FERWIESHHT _ FREIGERARA
RS T BOERFEEE
RERGEEE

B 12 FHB Ak RERC E 7 R R o B

FH RT3 BT AT 20, el X C A8 e b B T 28 A 38 2 i3 T oAb el X, IX m] g S5 I He
ERRINATUR BEE I BB . X Al C FFE R B, B EEATLE,
bel (X C 7F 3Ll i Bt B 2 I . 456 % 4 8B, WA NERX C Rl E 3
BACECE 7%, HARPE AN X R E Bk 2 AR,

b IX C mACAERERCE : ThER 50kW, &8 50kWh, H{KEHA: 1386.315 7T

RALBCE 7 RHE S T e X C 783 L iy B AR FE T 75 3K, B IR R GULE 57 faf v g A g
IR E B I T,

3.2 @@= : BREEXMEERER REEZF It

3.2.1 BURTNALIE

FERAERERIIE LT, BE Il X s T @bt F 2 A AW &, BEXNFOEHE.
BN eie SN 7 IR VA S+ B O o S v N

I, AR =AM X ARG IE
BRI AT

B, B=AEXEE SRR AR a RS . RS E KRR KR
HLRT A7 4y 080

B, IR HrOREC B e AN

ﬁ#)ﬁ E‘J/é\ﬁ EE% Pgen, total
Pgen,total,t — Pgen,A,t + Pgen,B,t + Pgen,C,t (1)
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B1 REEXEREERE

%j‘ll:}ﬁ Eﬁlé\ﬁﬁ%ﬁé Ldem, total :
Ldem , total ;t — Ldem,A,t + Ldem,B,t + Ldem,C,t ()

B B ARRSAEER
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12 34 56 78 91011 13213441516 1718192021 222324

B 2 e b X8 4 & K

3.2.2 HHEAREE ERERTRIZ 1L

(R AR e R BT SRR, B PR EREAT S IE .

AT R R B IR e X A R R AT U B, AN RTINS B e W A A R 2
1 R N L B Y B AR BT A B g VAU TR, £ Fp A AR 8] ) F I . SRR AR R
HLEE A AR AT 2 D AT R SR IN, 75 B N HE e e ) P RN B N R L ERAR f
A 5 2K 1 PRI 8] B o

AT R R B 2 R e X A7 75 SRR R AR B, S TR R IR B (E .
XA PUONE A R RS o, DR R AR OK, IR 7 /5 SRAR R AIR, S B0t
RAEETVEPIHN, WA 57 IS

TR EPAIGE, THEEHTERE E X AR ST A G
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THERPFC B RERS (0 B W PR B A R L B /N T i 5 SR N 75 22 AR R TN (1
. BRI R E TS A RE 2.

W R E i REI DR el X A L

23 615.65 7385
692.95
21 539.15
346.05
19 545.85
453.6
17 393.465
453.1
15 278
11 261.2
208.2
9 340.95
838.35
7 495.5
293
5 345.2
511.45
3 418'42558
1 2&14.7
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B3 BEEX e mER
v e ) P B HHY LA AR TR A B VYT TR, U P B e S e i (R R A

THERBCEMREN . FFHREREREERNT MR RN Z R EE. i
EFHE AR R 12 (2)

— RECEENHRAREXEFHEE
500
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50 }

0 P

12 3 456 7 8 91011121314151617 1819 2021 22 23 24

B4 BRERXSFRE
PR R RN, RS R, i fisRIK, SECTHRINE™E.,
ME 4 Faf DB ], SF T R P AR B IE(E .

THERAC B REM 10 B AL R pAs . W RS LA A3 tH S iliAs . BBE L AT 5 2
AL 1] — 1 22 30(3)
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B 5 Beah X a4t A
VAL RSO S B EARA G, e R B R A B
MBS AR R, SRR RAE — RNA RE B0, mis it i s B B &
PRI BE, QO TR T A B iR VA ST 1), T P 2 AR T P 3 P AR BRI o TR T T L A
50 R LA R

d. iFSRAL RN A, B T B B AT S A SRR I R A
2(4)

— RECEERERT IS R X S S AR A

1.4
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0
12 3 45 6 7 8 9 1011121314 1516 17 18 19 2021 22 23 24

B 6 Befm X B B P gt A
BT P BT A (1 R RSOAS A v I BB, R A T A
ME 6 rTULE R, BAL T I A BSAAE — RN HOEBI RO . mlgh] BUA i
P R AR v, AR I BT P T A0 RSO B o X ] LA R P R I
AR 52 ey r B A A1 P RSEAR PR ALK
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WL L ERI T, BRI LSRN S 4

1 ST, e o & BB R AT AR W ST TR], T B EL R i S
JEAS

2. EIFNFCHESN, TR ERA, R BRI, fifr KL,
SFHFHIGE,

3. BVPLH A, miE gt i AR S I R E A G, R B A

4. AL RO R A T, B B R S AR AE e eI BB, AR L

AL o

LA A AN BE R ST IIB AT SN, AT LAy iy W T HE B AT SR L R, AT BRI
Pe A AT AT BT I R RSCAS, SRR T X A e B

WO TR G T X B RE R B B T %, IF4s B REIsAT S S L v-&l
I EFr A R B

3.2.3 fRA—mEST (KMMRIEER)

AN X MASLIZE RS, A XML SEEU R (OB K WD 550, 45
=N X R B R A AR, TR SE B i X . DA H XU R AT DA
W, el XA JEARII FE A 73 3 0.5 J6/kWh. 0.4 JG/kWho

FeT BIA AR TR B T A MR, 2 DU M B g R A N B bR, R HE
R T RHEE. TR AERE RS AN .

x1 RERE

ZE Pi B

Ceha, 1 RE R AN A TN %

Cais, i BE R A N T2

Ppurchase, 1 NN

Esto, ¢ RS R, ERERG YETEE
HE: A HAEREAEE RS
1. fERERGM A =R

0 < Ego b < Ego ,max (3)

2. fERE RGN FTBCE D) H R
0 < Ccha,t < Ccha,max

“4)
0 < Cdis,t < Odz's,max
3. fHRERGMREEHE TR
1
Eo bt = E, 4—1 + Mcha * Ceha bt T - Cais t %)
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4. HITTETZIR:

Ppurchase b = Ldem,total b Pgen , total ,t — Cdis ,t + Ccha,t (6)
c. BEREH:
H/MEE R RAS Crorar:
Ctotal = Z(P purchase ,t X Celectricity) (7

:/H\: E':l ’ Iﬂ‘@ EE% Ppurchase, t%ﬂﬁ EE% Pcurtail, t j"j:
Ppurchase t = ma'X(O, Ldem,total £ Pgen,total gt C’dis ,t) (8)
Peurtail = maX(O, Pgen,total Gt Ldem,total bt Ccha,t )
3.2.4 {RBI—IRBEER T
HRE DA I SBARRIA A SR R 0 2, FH python 15 & AT R AR, QRS ILEE% —, DR 2
fEFHZMERIR] (LP) ALK fd i e R S I RIS AT SRS I 45 2R«
x2 BEE-PIRMBLER

pSYIAREER-y 6375.869559999999 kWh
M RFGHE 7.105427357601002¢-14 kWh
S E Rl A 3187.9347799999996 T
PR IR A 0.14 JG/kWh
DL A& %o 45 Rt AT 40 #7 -

1. MRV, BFFRFOLHEERE —MEER/NIRT, B T%. FkERAN
e B A2 1T SR T IR B R, BN LA W AR . X EREEIX—
KA, JLFEARBEFIPH B TR S B 7. 1X 0] Be A2 A e R G A ROHA7 %
TR TR, IF HLIE X s AT RS R L M VT EC T RE IR AR P A B

2. R BEE AR X EAR, X AT RER MR [ @ e g R A R A TR, SEBL T AR
VNS TEA

3. “FEMEE A 0.14 JT/KWh, XA A AT AR T L X B A, ot X
T FEL DX R AT T ) 428 5 R 2

PR — g rp, BCE T X B B B A 200 3187.9347 T, 1T AHC B Aif AE R R R
Al X Rt H Al 4380.5255 TG, BT WAZAR AL AT DLE 25 B ARG Bt H A A BRLAST He T
IR plAS,  [RA$E m T EAE BEIR A 2, MM SEE T & 5F A LR 303 O OUE H

3.2.5 RE_MEYT CESEHLMMANIER)

TRE AN (MILP) AT LAJR] I Ab B S A0 2 B A

FRAR R SR 2 R R H ik RE A T8 PR ABU IR RAE N O AR R AR &, I 5] N kil ik
SRAZBOR AR 5 BRAE RITT/OIRAS o

AR i, 25 el AT AR REVR R FL L SE BRan A X D iy, AN A 20 M HL R
B, ZREEARTFREEM T E. IREMRERGENH PR IALRERIEM, 1D K
A%, FF O IR IR A AT AR eI
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A 1 H b e/ MU T XS PR A, (R I O R T 2R G IR A E TR i e
ARG BRI .

PR R R REAER | A BN — DR xon XA B AR R, K
ANERE R G ¢ I BURBHOE (1 RoRTl, 0 R ATHD .
a. LIRFAMF:

P I AR TR I =R (A4, 5, 6, KRG A E
2IRN:

01 X Esto,max<E5t0,1< 09 X Esto,max (9)
PASHEIN T — AN, 8 S [ I 7o R R T8CRRL
Xon,t_I_Xcha,[g 1 (10)

:/H\:EP Xcha,tT\Ell:i—q Ccha,t>0 H‘Tjg 1, 75?)'1']7'\3 0 E‘J:iﬁﬁ?[@?%

3.2.6 WEI_HRMBELERDF
MILP #AGE S 5] N kil sk A &, 7] DABE R GG A B AR B0 U, a3 3)
BRI RE R G M AR, XA BT SIS RS 40 X R VR BEAN BSOCAFZ ] o 1A AL R i
G E T AT NINRSGE, hWfgRe KRR, Al DESEAR RS 47 N RO &5 .
B (iR A AR S
- MILPBEIES, ) BN ERBE
/ Ao Bt BRI
/ BEHIE SRR R
BB B B1EHENER
14 S BB BALTAES
. | EESRENTSRAIREE (ELIE)
/f ' EEERBIOBERES (SHHTE)
EFEM B RRE, D RS TR
SR, B N
AL R, (A A TER E T
\ SRS IR F AT
TN SRR AR AR

REZHEMEIE (MILP) ERSRERNERE

RN

4 (e RESARISEREE, CPLEXEGurobi
SO EERREY, it Sy
BRI STISY

FEREETAN SRR

\ . Maien IR AL S I R AR o
A G
\_ SRR RIS

DI EM N I AT

B 7 BEBHALIEMEARELRE

#£3 MU _KRMEER

IFE)/m FEHINE (kW)  HEIIE kW)  fEfEHEE (kWh)  WHE (kWh)  HURES

0 0 189.47 180 514.7 K

1 0 0 0 328.45 KM

2 0 0 0 418.25 KM

3 0 0 0 382.05 K

4 0 0 0 132.3 K

5 0 0 0 143.35 KA
24

gooo - gooogo



6 0 0 0 4955 K
7 0 0 0 838.35 K
8 0 0 0 340.95 K
9 209.29 0 0 0 KM
10 69.08 0 198.83 0 KM
11 355.23 0 264.46 0 KM
12 448.12 0 601.92 0 K
13 155.46 0 1027.63 0 K
14 0 0 1175.32 193.21 K
15 0 0 1175.32 453.1 KM
16 0 800 1175.32 393.46 KM
17 0 247.7 415.32 402.5 KM
18 0 0 180 424.05 K
19 0 0 180 184.45 K
20 0 0 180 539.15 K
21 0 0 180 692.95 KM
22 0 0 180 615.65 KM
23 0 0 180 773.85 KM

AT LUE BITE—K 24 /N, fERE R AR RIS AT RIS W R

B IE] 0-8: fiBE RGUARIEAT A, T2 M3 H XA H DA A2 6 g 75 3K . X AT g2
TEIX LR (B BN, HMEUE, B RO BN 2 LAl A2 97107

WA 9: JFUGFeHE, ThE N 209.29 kW, X A]fE27E M BRI B, FIH KO &
HE B0 A 3 HL X T SEE H R TR HE

ISP 10-13: ZRZE75HE, FTTHINFRZEGINE 448.12 kW, fEreH =0k 0.

INFE] 14: fERE RS E 117532 kWh, RJGE1E7eH.

WA 15 flRE RAREFARTOIRE, BB, k52 T H M,

WA 16: FFUAHLE, ThE N 800.00 kW, [AIEF M I HL M HL 393.46 kWh, I HER
T A IS B AR AR A 1 L ) S

IR 17: BUBINRRED 2 24770 kW, fitfe =R/ S 415.32 kWh, [FIREH &
N 402.50 kWhe

IR 18-23: fiBRE R A A, fEREFEELERFAE 180.00 kWh, M\ == L 0 B DA
JE AT 75 2K o

[

MEE R AR LUE i RE RGUE — R IS AT HRBE 2«
1 ERBARAI BOE .
2. (ERUE ST I BUBCHL, Lot/ AT H R R T H
3. PREFEMMMREHREF I NEM.

3.2.7 REZMEY (ETIEEREENS BRNAERD
BT AL EIER 2 HAsU 2 —Fras KRR, enl IR LHEZ A Hir, JF
HAGH F iR =2 AL R, 58 4 1R 2 R SRR B AR ZE I H At
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WHAE RN Y H AR B R R R L . L EEAD RS WGP . 1
Fe. XX (R BRARE
A = 1 H AR ELFE B /MU A A HE R A I i KA v P AR BV 1) 4
B89 ke R AR B INIE T
S/MEIEFB RN
SANPI B ASRERE
/ SR (KWh): solar_generation = np. array([...1)
R MRS (KWh): wind_generation = np. array([...])
[ fAfaIE 3K (kWh): load_demand = np. random. uniform(300, 600, 24)
I iRt itpRE
| . B2 R B ReR R
S EESERITE
BT BEEHETERITH
BESERRSAIT
FhERNIAML iEmE- MBS AEER, B/ RE TR
frict 3 Bk NSGA-Il JEszAcHERT)
ik BaRX
Bkt
= BRI 5%
Bk BRIEESE (casinple)
N 70%
L IR 20%

&L 40

RN

Efn

eSS, L

s

i

B 1B 1 i
EtnEREE

B 8 BEHEMLERE

B =S HA WA, — RS XA A] FE A RETR K B A IR oK IRl e R GTHY
HRAVLE
LR EAF IR A —
F bR BN Cooar (AT T) AR KA AT A2 BEJR A I 2 Rusitization:
Ruti]_iza,tion _ Et(P gen , total ,t — P, curtail ,t) (1 1)
Zt Pgen , total ,t

3.2.8 BRAEI=HIKRMEER D

AEERVEA MRERIGRAL . 1R, XA, — 2 AR SR M 72
1. Vst SR e

TEWIIEAR, FVEBENLA AR 50 MMEIE NG PR . X EMAREAF MG RE RSt
BAESNE, FEAAMER 24 DR SFEAD B A AL, X EeAR F s i ARSI 6 BE R S 78 BB
HAT N .
2. ENEEVRAE

FEA AR G ] -6 i A A0 ] B AR BEYRE F R PP A58 N o 38 N R0 A
T S, 9 S RS A A B KA MR P A B Y A SR E T B B AR
3. PR

T —Fh 3L TR S BOHE R (3R 3 77 75 seINSGA2 M 24 B B o gk 43 32 I B 1 10 A4
PLHEAT N — AR E5E . IR T R 2 BRI A &
4, X
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i8I P 52 AZ X exTwoPoint J5i4, 306 58 B SARAMAXS 3k PR e 471 g AN BB 5 22 1]
MRS 7> BEAT 2, AT R S AR
5. &S

LA indpb=0.05, 5%FFIREANSJEARHI IR, 2 P 338 B b AT B, SG A i et
L2k
6. MREEEH

FERE— ARG RS, RIEARAE ST, SRR, T2 A gk 2L itk . M
HERT VA, & AhEiT 78Rl PP REUs 1 RE thog™ AE e AOEE
7. AL

e R E AT, ERNA RIS ISR E 40 . AR, FiEZ ik e E
PRI, AU BE 2R 98 B PR R0
8. SRR

£ 40 U5, SRRSOt R VMR S G N A . AU A5 RN O R4 S
T VL P T SRS 1) AR AT AR R IR A AROR

x4 HE=FRMBEEE

Ei=0n (N AL
VAR F S 40 fR I 4k B 5 1
BAEAH (gen) 20 i@?lﬁﬁ?bﬁ EsEI=EES
PG EL (nevals) 35 (5 40 1¥) 5 40 AR DAL
e , [0.8784716860986658, ..., PR BRI, A 48 MK
SEERE (Best Solution) 0.618130299065914] N B9 5 %
‘ . (5572.611030551095, e Rl e
= E NAEES
RUEBNIE (Best Fitness) 0.7677651217566285) TRAR T 22 10 R

R HA A RO IR 2

S AT R A BRI 32 I SRR PR RE T b, VPG R LR T RN & .

B EREE TR, W AR RRIE R FH 22008 0.7677, 12 e figxd B2 v P A REVR A
RIS, FonfEp & i, T EAERIRRT S sl

BARE R, BA T X a g AR 5572.6110 TG, X BEEHR R 1m0 AT B (1
SIS o TR G B A REIN I A el DX FRSOAS D 4380.5255 JT,  HUTIAR A =R R K F
RICMBCE TS, PAEZ TR ARBOR R R B € R, I TR BR A, AR SCA
FRREATURANSRAA,  Jm SR TH) SO VF 2 FBE SR A

3.2.9 mARBRAKFE
B AT R B A S R R R T L, TR B A RE S B R A
AT B A R IS P s A B AN HEAT B, DI I 3 30 v A 3R e e RO AR TR

e B At E I S B LR A

X 100%
T U L

M= (1-
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W R HER R AT ROV AT, SRR R B v A R U B, RS
TE SRR 2 BRI R, i e A — Dy e A

HlE bk a XK SRR E TR

AL ST AR R SR/ AR B R R B, I v L R RN RE RS 55 SR
A DL AR R AR AT o i1 B30T, S ST 2 PR AR R, ) T I 44 2% 5
W, P AN RE RN DI RS, i S EE AR R M ge 4l s, AT
PR BT ST IO SR AR A S L BT 56

AL R NG IR ORA AR Gide e MRS 2 N E SR IE T R At .

PAUN X I RE B DR 1 — NSRS, ] 35 1] o B AR St Re C B IR

{558 pd read excel ERERBHIAIRNBR1H20TEXCEISIM

E AR
SHAEHEBRYE /8 pdmerege BRAEHEBEESH
EXA: SERERE - YRTZE (p.u.) * 750kW
FEXB: Rk - REBINE (p.u.) * 1000kW
1. SRR HRRREATIE FIED: A - ARINE (pu.) * 200KW

HEXC: XEEAE - KEBNE (p.u.) * 500kW

HEXC: JeR%ER - AT (p.u.) * 500kW

2O = EXAGE + BXBHE + BXCHE
SEBE = AXARBEE + BXBLEE + EXCEEE

HEREERMNSAFHNREE

EXRBEE: RIS fi§BE4ETF (Storage)

< .
\\\ EX = B ~ 2 (o 1 < 4 i B

— EXORE S pniom. Rk R SERE
IRENEAL: 100kWh F 2000kWh, B R ER/NEEH100kWh
SEIE | 1000W ) 20000, EVREINEE H100kW
I —

BT BRI

\ SR

\ MR T AR E R R R R ORISR
\ i " iTRRRERRE HRAE

N\ ’ FHERIEE SARREETTR S E IR R

\_ 4. SREIESHT

15 TR PR Y LACE
RABIEEIRAXS EEE

=ik aa -] TR REAA: HE 100 kW, B8 100 kWh, 2aiA%) 3862.2 7t
5. iE5 W
MR, MR HIESTEAIM e FNfiE BEFRER

B9 Bx& X s e B 7 SRl e it 72

G EBEE RN, BEERX RIS E, ThE 100 kW, & 100 kWh, H{KE R
A 38622 TG

3.2.10 f&REEITIRAG R TTXI

GREIZAT SRS ELAR N 25 W 8 — 1 B 8, il RE B IS AT SRS L FH U SR A AL B X
B ST RN, & RIS AT SRR S5, Ll in 7e BRIk FLI (] 152 58 S R B 200K,
H5E 7e HAT IR SRS, BHTAGME S &, N RS istT AR Ay, R YE T R H 2
CRATE B THR, FRlEIS A5 I M Is AT 8% . Jb s, i 20l i U 4 B
ARG A BT A A AL 25 5, B CR BEFC T AN R 2 F8 AR IRk 1o

A I X I i TR TR BB R R . NGO E . St s AR R Y
PEHSAREE TR, LS AR A B KA

1. TEEM AR BOEAT AT, FRRB MG B A TG RE & &b .

2. @7 AR RS TR TN T 5K, S5 S AERE S B AR S B SE BRI HL

3. TEHL )75 SR A Bt S 5 At RE 5L 45 v A L T, D0 v i R DA B ARG AR

4. B MMALERERGIACE, Jhb 35 A I T R ORI AR R L A,
EreR =T SR A SER = 2w o
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3.2.11 BEAEEEFWEDR
Bk Fabgk B el DL, BEAIEE ] DLSEIL YRR A, RO RN, PG R
PESA . B AEPEFAAE, A LD TR E s E A,

SRBE A SRHBE B SRHBE C
— R E total - = = AR XE AT
7000
6000
5000
4000
3000
2000

1000

T 2345 678 91011121314151617 18 192021222324 25

A 10 2 & BEX ST

S AR A AR, 31X T R R [ X e AL e A A BRI, SEBIL T AR
KAL), TP RAA 0.14 J0/KWh, XA A AT GER T L X (2 E B, EBoR
HH el Xl e A A A B BB ) 85 2K 2

PeA iz g W XA LT & XA iz s, o eAar sk — RANEHFIES, RERIELLT
JUAN 7T :

1. A 3 i

e Eis B, Bl X 2 ()R] DL S Sl Bt A B R IR, T PR T B AN X
(388 A . 1, FE IR B 6k e B0t 23 [ DA B 15 i R Gt ml DA Hh 24 [l X L R R A
W7 BEERE.

2. KU ik

A I8 78 R LA A A ) il DX ) P RS o o SR — T X R R S A R R S B UR &
Wb, oAl X AT LA R B O, AR AR RRRS S B E TR AR A o X XU 43 ECAT BA
WD R E R &R S EM ATk .

3. LR ERE

AN X R] e B AN RS VR A . WXBE . KPHRESE . BAA 188 RvrBdiAE SR
WG AL YRGB, B BRI A R R AN 5 2 2 o 24— ANl (X ) A BH e R HE R i i
A LIS 57— AN R TR B X L 7, 8 s A A R SE ISR AS B /M o

4. BB ITIHRE 5 &AF

A I8 78 A 7 DX ] R 4 DRSS 2050 87 T 7 HE 3 Tl 3 B4 S 5 AU BE T X A] DA
By el X W S % FH b g ks v A SR S A B AR AN A, AT PR ARG EL P ) ST A 5348 T e, )
BEEURN .

FERRDHT

i R R AR AT BUR EE R
1. 2GRN R . BeEis e B AR 2 5> 1 A B AE 4 A
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2. BIREAMERIAE . A FE X AT EEAE A R A AR REIRAENCIRGL, BGis
B AT LMEA SR AN, DAL BEARREDR I DL A5 o

3. Gug T, BREEE A BT S e T . AN IR XA R SR T BEAE A I A
Z5¢, WG E ] IR M 252, 8l BAHSCREANR Y, SEI b (1)1

4. WIITREMEER . BB KIS PR AT REAE /0T 3 h AT SE 5 K LA RE T -

5. BORAE R R . S E BEAMEORN ] ] L mis & 808, KR 2 45
Mo

L EPTA, HEIXEREIEE AN THOLEE LT LRl DAk B & L s, T2
JRAA . RIS 8 T e i 4507 S

3.3 \fE=: EXM. k. EENHBEEERRLEZFMES

3.3.1 HEETE

FENE— . THERAEEAE L, i B =0 R R 6. fERERITMRRCE 7R &
HA T

BT B A AT A, ARPEF R 3 s, A = AN E X R e e, R
KT BT BN S

BRI RE R, M 3 IRAER A 12 AN H MR H RO K B DR AL
W5, M AR IR A R

SEHEMEE, WER 1R s, A FER BB A . 7:00-22:00 1
(825 1 Jo/kWh, HAREEN 0.4 76/kWh.

3.3.2 FEIXMIEENLMENBEEES R

AR DT S 50% 26 AF, THERLA el XS IR i R B o 3% U ATDI AR 2% 5
50%HIELE], TR R EEENKEADCRE R RISACE KA, RS X RHIaa ot
JEA o

ORE T S
B 5 B K B = A B K 57 X 1+ S0 88 3 (1

@ KEFDEGRECE TR

XCRLC B R DGIR=18 K5 S K Biar XX LG AR Bl ()
R EE BRI AR LE BT 25 WE 975 50%, Jim S o iR A SE bR A== 19 1k H 0 B AT
e

@) MERATELT:

KGR TC B R A=K LR TE B 25 1 X XL AR BT Bl A 3)
SAC B A=K L B AR L B R A
Hrp, HEALERASH 3000 TT/KW, AR EALEAS N 2500 TG/KW.
(4) SEFEIEE MYEd A
TR IE S AR Y AL IR UR 45 5 1 — 5 LL g 5
F R A= AR X A g g R 4)
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SRRSO A E N 5%

(5) HWHEHHAIH
FEL 91 715 48 B0 B FEAY A8 Tl X PR HE B o 20 TR AR R L B AN 40 ) A B
BN TTE . SR BT A /N ) 2 T A SR RS R T A
/NI LSRR = HL B X LAY (5)
AT IZIEZR 1 Fis, EIERTEE (7:00-22:00) 4 1 J6/kWh, KIER BN 0.4 76/kWh

(6) 5FEBA ST
i R [l DX AR RO A P TR C B 7 5 o J i BT AL 5 4R A B AR D AR 5 B8 AAS
5 A YRS AT 5 AR L3R TR
5 RS A= T B RS+ X AR YR AR -5 X A L R A (6)

1 FERXELEE X AREST R

o B e 7 = = ﬁ = L S
% B JFigm Ky KRR AAA KEERE  OBRERE RERA

(kW) (kW) (kW) (kW) (7o)
A 100kW/215kWh 800 1200 600 600 3,300,000
B 100kW/200kWh 1000 1500 750 750 4,125,000
C  100kW/100kWh 900 1350 675 675 3,712,500

3.3.3 REEBEHENAHEMAELELR

TG E R RO ARG E T %, K EREG = RIXK SR, DIt ER K
AR A R o - IX T B FRIA a1 a e 75 R BT AR sem . DL Zr )
et

HARSKAERE I

B i ST KRR AR ER,
1 REBRDH . CA=AERE RIS,
( 8 RIFBEEIRECE (50%) ARSI,
Bt I R AR R B LISk A AR R LB,
/ R - (x): RESERELE,
R ) SRR,
N BRI + y = | (RS ESREREAEIHE)

ECBREAFEL C(xy)=3000x2025x+2500x2025
IRESIEIRERI RS, AEbE R,
4 AR, ENGER. B BN AT R AR e,

(ERETITE —E@NEIY), BT AR SR,

< (ESREEECPLEX Gurobi
i3 IR R R RERITRE,
S ACATSEORARIS S, SIFERAETE,
BT RGNS R R RS,

= e G e ATk T

1 BREBERE FRBELE
Sk K fa il KB AiaE T e 100kW/200kWh it &

B EERA RS SR RS 3. B S WS

SREEMEE . Bk

6. LR IIE

7. BEESEIY
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R2 BREEXEETRERMT

i B LAl AL

R IME 6560.12 MWh
RV B 7 4920.09 MWh
RIS B H 1640.03 MWh
R B L 2R T A 4920.09 HiTt
GG B L 2 9 4 656.01 FiTt
EHRTE LT 5576.1 Vb
TR RIS E YRS AR 556875 TG
SHERMEA 27880.5 JiTt

5 R A 2784375 JG
5ERRA CRBC B AR+ YES AR -2 4D 1279375 JG

M ERATR, XNREBERE T RAEZLG LRATH, BOVEREAE 5 4 NS
HAR I EE A, JFHERAN T, Borth 7 RIFRERGE RERE.

3.3.4 XERCELLiLiREY
T 1A A 2 M R RS () g ST AR AT B R R i ST S R, wR B S — ML
B, DU R A AR FO B AR ML E o BT A /MU 5 4R AR, BLEEHIATE B
FRAS | 3B 4 A HL 5 15 4 T AR ST R oK, RN 25 IS = M ) .
a. HIFKRE
Total Cost = Cinit + 5- Cmaint —5- Selec (7)

HHr, Cinit ZWIEECE NAS, Cmaint S A A, Selec /& EH IR
b. A

Lt x AXEECE ARG, y ACREERELG], H xty=1
2 R ORAE AR IR 8 18 FiL BT et A T ) i 75 K

Pyingt - ¢+ Pyvyp -y = Dy ®)
Herh Pwind, ¢ R Ppvit 53 BRI t (19 REBFOEIRE F7, De & t 5 A R o

O KEACRMEE AT R
ST B AR = (OB B 77 75 R X e X XL B B AR) + OB 2 S 73R X > OB IR BB BLRR ) (9)
Horp, KB ERAT AN 3000 TT/AW, YeAREALSA A 2500 TT/KW

(2 ZFFEH NHE
AR BRIl X PR A i Bl 7 B SRR AR P 218, I3
SRR XOGECEE x A0 y, B 7 P2 AR At R 540 T

FHIRAL S = Z(m?;;;d\m
LR (10)
iy — 2 OEREIN )

ANIE
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e Ja AT LB 5 A e o i, HL AR TR BOR T XOE R B R AT B AR

R 3 B REXMOLEE KRG RECE T RE R

Ui B X A X B fX C  BAL
R 2186.71 = 2186.71  2186.71 MWh
K B2 675 675 675 kW
R ERE 675 675 675 kW
KT B AR 2025000 2025000 = 2025000 I
FeAREC B A 1687500 1687500 1687500 It
SC B A 3712500 3712500 3712500 T
T 1858.7 1858.7 1858.7  FiTt
SEHRETA 9293.5 9293.5 9293.5  JiJG
5 FEYEY A 928125 928125 = 928125 TG
SRR CRRLE AR HET AR -2 1T A 4676875  -4676875 -4676875 G

Hy B R A5 R AT R X KOG AERE R GUAE — 5 S LI 2 GrR L, s 4 R I 1A
HZE T RIS E MY A DL 5 FE B RA S, AR AT DIE H, X8
HROGAERE RGBT, £ 5 FN LI 7 BFMRRTE, JFHEE EIRE T 4ab B
At o

M. REFIFMN
4.1 BRI

1) BiAg—, Ve, SRR IRIE AR X S B R Rt AT R %, RiEiE
I Z U TIAERE

2) MEAIBRA ST eV RIANR S B AR S A TT V8, AU R R 4R it
GEH SRR . XTSRS T A, MR T R GtietT i
SEVEAIA] AR BEIR AR R, Bk 1AL A5 R A S Pl A

3) FAR P L ASR AR T ) RGBT R, 45 7 IUAAHLAR
MRS, T3k 5

4.2 RN E

D B HEAL

2) IR BB RN T8 4% Sk 10 2 A AR AR T S AR e SR A S RG A 1R SR
HHA R R, JCH R AL B IO EE 1 2 AT AL, TH SR TR AN B3 R R
B, RTRERZ IR SR N (1205
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3%

1

Zi s 0 S A 8= AN

import pandas as pdimport numpy as np# PRI
path load = r C:\Users\XXXX\Desktop\Fff4 1: - X #8784 H 5 faf B4, x1sx’
path generation = r ~C:\Users\XXXX\Desktop\Ffff 2: e [X 478 H X't FL 2L
. x1sx' #
MR O MR SEBRTE DL 5D
capacity pv_a = 7950# WX A SARIENL A=
600% [l [X COGIREEN A&
capacity wind b = 1000# [][X B KUHL A L2
capacity wind c = 500# [i][X C RN B E=s L IEHE
df load = pd.read excel (path load)

capacity pv_c

df generation = pd.read_excel(path_generation)# Vl“ﬁilzliji%%
df generation[ Pd[X A JfRAKH T (kW) 1 = df generation[ [H[X A DLWl
(p.u.) "] =
capacity pv_a
df_generation[’ X B XA (W) ] = df_generation[’ el X B X HL HE S
(p.u.) "] *
capacity wind b
df generation[ [H[X CYefRAHE (kW)' 1 = df generationl [d[X C Yafkiti /1
(p.u.) "] =
capacity pv_c
df generation[ FE[X CKHL K HEE (kW) ] = df generation[ FEIX C X H /)
(p.u.) ] »
capacity wind c# E I A A R F AR
df = pd.merge (df load, df generation, on = CHFTE] Ch) T # ﬁ“%zéi{%%ﬂ]m@
HE., FHEE
df [ Total Generation A’ = df( [@IX A JefR & H&E kW) ]
df [ Total Generation B’ ] = df( [@IX B X H & H&E kW)
df [’ Total Generation C 1 = df [@X CyefRk AR =E KW) 1 + aer’ [©X C XEXK

A& (KW ]

df [ Purchased Electricity A’ ] = df.apply(lambda x: max (0, x|
"X A figef (kW) 1 - %[’ Total Generation A’71), axis = 1)

df [ Purchased Electricity B’ ] = df.apply(lambda x: max (0, x|
"X B g (kW) 1 - %[’ Total Generation B’ 1), axis = 1)

df [  Purchased Electricity C'] = df.apply(lambda x: max (0, xI
"X C figef (kW) 1 - %[’ Total Generation C 1), axis = 1)

df [ Excess Electricity A’] = df.apply(lambda x: max (0, xI
"Total Generation A’1 - x[ X A Fifaf (kW) 1), axis = 1)

df [ Excess Electricity B’] = df.apply(lambda x: max (0, xI
"Total Generation B'1 - x[ [@[X B %ifaf (kW) 1), axis = 1)

df [  Excess Electricity C'] = df.apply(lambda x: max (0, xI
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"Total Generation C'1 - x{’ [EX C fifif (kW)™ 1), axis = L)#t WEAFEHIE
[ ELA
cost_pv = 0.4# JGIRHEAM
cost_wind = 0.5# NUFLHLOE AR BN THE B
df[ Total Cost A’j (af [ Purchased Electricity A’] * cost pv)
df[ Total Cost B'1 = (af[ Purchased Electricity B'] * cost wind)
df[ Total Cost C'j (af [ Purchased Electricity C'] * (cost pv +
cost_wind) / 2)# B C [ X A it 5 25 45 4
df [ Average Cost per kWh A1 = df( Total Cost A’71 / atf( X A Fifaf (kW)
£’ Average Cost per kWh B’ 1 = df( Total Cost B 1 / af({ X B fifaf (kW) 1
df [ Average Cost per kWh C 1 = df( Total Cost C'1 / af( [@IX C fifaf (kW) 1#
FTENE 4 45 R AR 5

daf
1. import pandas as pd
2. e
3. path_load = r'C:\Users\xxxx\Desktop\Mtf 1: % X S [ 61 4 ¥ed . x1sx"
4.  path_generation = r'C:\xxx\XXX\Desktop\FHfF 2: % FIX S [ 0% & L ¥di . x1sx
5. & R
6. capacity pv a = 750 # [AX A JeiRAENLA R
7. capacity pv_c = 680 # [HlX CLHRAENL AR
8.  capacity wind_b = 1000 # X B U LA G
9.  capacity wind_c = 500 # [@[X C AL AUAEHI R
10. & iemosn
11. df 10ad = pd.read_excel(path_load)
12 df_generation = pd.read_excel(path_generation)
13. & itsspmgns
14. df generation[ ' EIX Atk ki (kW) '] = df_generation['FX A J6fkill /s (p.u.) '] * capacity_pv_a
15. df _generation[ ' X B KM (kW) '] = df_generation['RX B XA J) (p.u.) '] * capacity wind_b
16. df generation[ ' FEIX C Jafhk i (kW) '] = df_generation['HIX COLIS (p.u.) '] * capacity pv c
17. df_generation['HIX C K (kW) ] = df_generation['RX C X)) (p.u.) '] * capacity wind_c
18. # o sumim s o
19. df - pd.merge(df_load, df_generation, on='Hf[fi] (h) ', how='left")
20. & irspmnit
21. df['Total Generation A'] = df[' X Atk HE (ki)' ]
22. df['Total Generation B'] = df['RIX B KA1 %& HE (ki)' ]
23. df['Total_Generation C'] = df['FEX CIfRAKHE (kW) '] + df[ B C ALK B (k)" ]
24. & yitichrBeRE
25. df['storage A'] = @
26. df['storage B'] = @
27. df['storage C'] = @
28. storage capacity = 160 # kih
29. charge_power_limit = 50 # ki

30. # wEEA NIRRT R b
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31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

for index, row in df.iterrows():
for park in ['A', 'B', 'C']:
total_generation = row[f'Total_Generation_{park}"']
load = row[f'[EX{park}fifi(kW)"]
# YIhhkRe &
storage = df.at[index-1, f'Storage_{park}'] if index > @ else ©
# OFEF R
excess = max(@, total_generation - load)
charge_possible = min(excess, charge_power_limit, storage_capacity - storage)
# TpERe L E
df.at[index, f'Storage_{park}'] = storage + charge_possible
# 1A R
shortage = max(@, load - total_generation)
discharge_possible = min(shortage, charge_power_limit, df.at[index, f'Storage_{park}'])
# TFERe L E
df.at[index, f'Storage_{park}'] -= discharge_possible
# R
df.at[index, f'Purchased_Electricity_{park}'] = max(@, shortage - discharge_possible)
# TSR ESE
df[['IfA Ch) ', 'Storage_A', 'Purchased_Electricity A', 'Total_Generation_A']].head()
HRRES:
Python

import pandas as pd

# SRR
path_load = r'C:\Users Desktop\Ffft 1: £ [ X HL A4S H 41 ff £l x1sx !
path_generation = r'C:\Users Desktop\Ffft 2: # [ X HL 40 H X% & L3 . x1sx !

# BHEE
capacity_pv_a = 750 # [il[X A ARSI B
capacity_pv_c = 600 # [il[X C ORI E

1000 # [H[X B MR B

capacity_wind_b

capacity_wind_c = 500 # [i[X C K HEHLZE &

# BRICEE
df_load = pd.read_excel(path_load)

df_generation = pd.read_excel(path_generation)

# USSR R LR

df_generation[ '[H[X A YoiR AR (kW) '] = df_generation['[HX A Jefhih /) (p.u.) '] * capacity pv_a
df_generation[ '[H[X B M &R (kW) '] = df_generation['[H[X B XL J) (p.u.) '] * capacity_wind_b
df_generation[ '[H[X C Yo AR (kW) '] = df_generation['[HX C YtfRi )1 (p.u.) '] * capacity pv_c

df_generation[ 'fH[X ¢ K& HE (kW) '] = df_generation['[HX ¢ ML)y (p.u.) '] * capacity_wind_c
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5. # o suim g mEoR

T76. df = pd.merge(df_load, df generation, on='Ifl Ch) ', how='left')
77.

78. # itEakmE

T79. df['Total Generation A'] = df['FEIX A etk HE (ki) ']

80. df['Total Generation B'] = df[' X B K% G (ki) " ]

81. df['Total_Generation_C'] = df['[EIX COLMKK B (W) '] + df["FEIX C FHLK A (kW) ']
82.

83. # whiERS

84. df['storage A'] = ©

85. df['storage B'] = ©

86 df['Storage_C'] = @

87 storage_capacity = 100 # kWh

88 charge_power_limit = 50 # kW

89.

90. # s ok RERAS . s R

91 for index, row in df.iterrows():

92 for park in ['A', 'B', 'C']:

93 total_generation = row[f'Total_Generation_{park}"']

94. load = row[f'[EX{park}fifi(kW)"]

95.

96. # WA R

97 storage = df.at[index-1, f'Storage_{park}'] if index > @ else ©

98.

99. # TR 7 R

100 excess = max(@, total_generation - load)

101 charge_possible = min(excess, charge_power_limit, storage_capacity - storage)
102.

103. # E AR

104 df.at[index, f'Storage_{park}'] = storage + charge_possible

105.

106. # IR

107 shortage = max(@, load - total_generation)

108 discharge_possible = min(shortage, charge_power_limit, df.at[index, f'Storage_{park}'])
109.

110. # EHkAE R

111 df.at[index, f'Storage_{park}'] -= discharge_possible

112.

113. # SR

114 df.at[index, f'Purchased_Electricity_{park}'] = max(@, shortage - discharge_possible)
115.

116.# yrepgpes

117.df[['ﬂﬂ‘l‘ﬂ (h) ', 'Storage_A', 'Purchased_Electricity A', 'Total_Generation_A']].head()
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B 1

e SR S] (RL) A1ZRGE3h /15 BT iR DA fik BE 28 4t HIS AT SR

1. import pandas as pd

2.

3. e

4. path_load = r'C:\Users Desktop\ P4 1: [ X $L8 H £ 4 . x1sx

5. path_generation = r'C:\Users Desktop\ il 2: # [ X L5 H X & LA . x1sx !
6.

7. # s

8. df_load = pd.read_excel(path_load)

9. df_generation = pd.read_excel(path_generation)

10.

L1, & srssepmmiht

12 capacity_pv_a = 750

13 capacity_pv_c = 600

14 capacity_wind_b = 1000

15 capacity_wind_c = 500

16.

17. df_generation['[HX A JefR K& (kW) '] = df_generation['®@X A YR/ (p.u.) '] * capacity_pv_a
18. df_generation['[E[X B KK & (kW) '] = df_generation['FdX B XML/ (p.u.) '] * capacity wind_b
19. df_generation['[HX C YefR K& (kW)'] = df_generation['F X C k)1 (p.u.) '] * capacity pv_c
20. df_generation['[EX c KK HE (kW) '] = df_generation['FdX c XL/ (p.u.) '] * capacity wind_c
21.

22, # oRHETNRARIR

23 df = pd.merge(df_load, df_generation, on='if[i] (h) ', how='left"')

24.

25, st

26. df['Total_Generation_A'] = df['[HX A YefR & HL & (kW) ']

27. df['Total_Generation_B'] = df['[E[X B ALK & (kW) ']

28. df['Total Generation C'] = df['RX COLBEHER (kW) '] + df['FIX C K KHE (kW) ']
29.

30. # wiltfeithgRas

31 df['Storage_A'] = @

32 df['Storage_B'] = @

33 df['Storage_C'] = @

34.

35 df['Purchased_Electricity A'] = 0@

36 df[ 'Purchased_Electricity B'] = @

37 df[ 'Purchased_Electricity C'] = @

38.

39 storage_capacity = 100 # kWh

40 charge_power_limit = 50 # kW

41 discharge_power_limit = 50 # kW
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42 . initial_storage = 50 # kih, WIi&fEAEIRA

def charge(storage, excess_generation):
charge_amount = min(excess_generation, charge_power_limit, storage_capacity - storage)

return charge_amount

def discharge(storage, demand):

discharge_amount = min(demand, discharge_power_limit, storage)

N Sl 5= Beadl I o

return discharge_amount

for index, row in df.iterrows():
for park in ['A', 'B', 'C']:
total_generation = row[f'Total_Generation_{park}"']

load = row[f'[EX{park}fifi(kW)"]

# VUGG LR

storage = df.at[index-1, f'Storage_{park}'] if index > @ else initial_storage

22 Bl O Rl 5= Bl U fou

©

# A F RN R R

_
S

excess = max(@, total_generation - load)

[a—
[a—

charge_possible = charge(storage, excess)

—_—
W N

# EHEAE R

_
b

df.at[index, f'Storage_{park}'] = storage + charge_possible

—_
SN

# AR

—
=

shortage = max(@, load - total_generation)

_
ge

discharge_possible = discharge(df.at[index, f'Storage_{park}'], shortage)

N =
SN

# EHERE R

(\]
—

df.at[index, f'Storage_{park}'] -= discharge_possible

R
» B

# TR

N
b

df.at[index, f'Purchased_Electricity_{park}'] = max(@, shortage - discharge_possible)

N
hd

26. # GEARBEINHH

27. cost_pv = 0.4 # JeiRHL
28. cost_wind = 0.5 # KA
29.

3(l for park in ['A', 'B', 'C']:

3 1. df[f'Total_Cost_{park}'] = df[f'Purchased_Electricity_{park}'] * (cost_pv if 'A' in park else cos
t_wind)
32. df[f'Average_Cost_per_kWh_{park}'] = df[f'Total_Cost_{park}'] / df[f'[@X{park}fif(kw)"]
40
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total_cost_before = df['Total_Cost_A'].sum() + df['Total_Cost_B'].sum() + df['Total_Cost_C'].sum()

# s REE
print (f" AL AT A {total_cost_before}")

df[['I[A Ch) ', 'Storage_A', 'Purchased_Electricity A', 'Total_Generation_A']].head()

import numpy as np

state_size = 5 # JIRAEZ[FA/N

action_size = 3 # {7 AN (AL H. fRED

class EnergyEnv:
def _ init_ (self, data):
self.data = data

self.state = None

self.index = @
def reset(self):
self.index = @
self.state = [initial_storage, self.data['[®[X A fifi(kW)'][self.index],
self.data[ 'Total_Generation_A'][self.index],
self.data[ 'Total_Generation_B'][self.index],
self.data[ 'Total_Generation_C'][self.index]]

return np.array(self.state)

def step(self, action):
done = False
reward = 0

storage = self.state[0]

if action == @: # 7H
excess = max(@, self.state[2] - self.state[1])
charge_amount = charge(storage, excess)
self.state[@] += charge_amount

elif action == 1: # Jjit’f
shortage = max(@, self.state[1] - self.state[2])
discharge_amount = discharge(storage, shortage)

self.state[@] -= discharge_amount

self.index += 1
if self.index >= len(self.data):

done = True
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37.
38.
39.
40.
41.
42.
43.

o) 1 (S W g O Ry —

else:
self.state = [self.state[@], self.data['[®[X A fifij(kw)'][self.index],
self.data[ 'Total_Generation_A'][self.index],
self.data[ 'Total_Generation_B'][self.index],

self.data[ 'Total_Generation_C'][self.index]]

reward = -self.state[1] * (cost_pv if self.index % 24 < 12 else cost_wind)

return np.array(self.state), reward, done, {}

import numpy as np
import tensorflow as tf

from tensorflow.keras import layers

# PRI E XL
class EnergyEnv:
def _ init_ (self, data):
self.data = data
self.state_size = 5
self.action_size = 3
self.index = @

self.state = None

def reset(self):

self.index = @

self.state = np.array([50, self.data['[®[X A fifif(kw)'][self.index],
self.data[ 'Total_Generation_A'][self.index],
self.data[ 'Total_Generation_B'][self.index],
self.data[ 'Total_Generation_C'][self.index]])

return self.state

def step(self, action):
done = False
reward = 0

storage = self.state[0]

if action == @: # 7
excess = max(@, self.state[2] - self.state[1])
charge_amount = min(excess, 50, 100 - storage)
self.state[@] += charge_amount

elif action == 1: # Jjitrf
shortage = max(@, self.state[1] - self.state[2])
discharge_amount = min(shortage, 50, storage)

self.state[@] -= discharge_amount

# 1] F I 22l R
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36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

self.index += 1
if self.index >= len(self.data):
done = True
else:
self.state = np.array([self.state[@], self.data['[Fd[X A fifif(kW)'][self.index],
self.data[ 'Total_Generation_A'][self.index],
self.data[ 'Total_Generation_B'][self.index],

self.data[ 'Total_Generation_C'][self.index]])

reward = -self.state[1] * (0.4 if self.index % 24 < 12 else ©.5) # fi] 5 (L)l pf %k

return self.state, reward, done, {}

# ORI ST Y

model = tf.keras.Sequential([
layers.Dense(16, input_shape=(5,), activation='relu'),
layers.Dense(16, activation='relu'),

layers.Dense(3, activation='linear")

model.compile(optimizer=tf.keras.optimizers.Adam(learning_rate=0.001), loss='mse')

def train_model(env, model, episodes):
for e in range(episodes):

state = env.reset()

state = np.reshape(state, [1, 5]) # Wifid AJEIRIEH

for time in range(300): # FF{CEEANIIZREE VI )20
action = np.argmax(model.predict(state)[0])
next_state, reward, done, _ = env.step(action)
next_state = np.reshape(next_state, [1, 5]) # Hif{ifi A\ IRIEH
target = reward + 0.95 * np.amax(model.predict(next_state)[@])
target_f = model.predict(state)
target_f[0@][action] = target
model.fit(state, target_f, epochs=1, verbose=0)
state = next_state
if done:

break

# IR ST
env = EnergyEnv(df)

train_model(env, model, 500) # Jil/b il Z A5k

from collections import deque

import random
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# 2R PR X

memory = deque(maxlen=2000)

def remember(state, action, reward, next_state, done):

IR BNV

memory.append((state, action, reward, next_state, done))

1 0 def replay(batch_size):

11 minibatch = random.sample(memory, batch_size)

12 for state, action, reward, next_state, done in minibatch:

13 target = reward

14 if not done:

15 target = reward + 0.95 * np.amax(model.predict(next_state)[@])
16 target_f = model.predict(state)

17 target_f[0@][action] = target

18 model.fit(state, target_f, epochs=1, verbose=0)

19.

20 def train_model_with_replay(env, model, episodes, batch_size):

21 for e in range(episodes):

22 state = env.reset()

23 state = np.reshape(state, [1, 5])

24 for time in range(300):

25 action = np.argmax(model.predict(state)[0])

26 next_state, reward, done, _ = env.step(action)
27 next_state = np.reshape(next_state, [1, 5])

28 remember(state, action, reward, next_state, done)
29 state = next_state

30. if done:

31. break

32 if len(memory) > batch_size:
33 replay(batch_size)

34.

35, # UNERLESIB, AR

36. train_model with_replay(env, model, 500, 32) # /A illZke ottt B hh

# VTAl N

def evaluate_model(env, model):

state = env.reset()

state = np.reshape(state, [1, 5])
total_reward = 0
total_cost = 0@

purchased_electricity = []

while True:

200N YA W~

S

action = np.argmax(model.predict(state)[0])
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

22 Bl ©N Rl 5= Bl I Fou

15.

next_state, reward, done, _ = env.step(action)
state = np.reshape(next_state, [1, 5])
total_reward += reward

total_cost += -reward # [N reward JEH MG SRAS, A LAl

purchased_electricity.append(env.state[1] - env.state[2]) # ilEIlHIE:

if done:

break

return total_reward, total_cost, purchased_electricity

# BRI S

env = EnergyEnv(df)

# VTAl Y
total_reward, total_cost, purchased_electricity = evaluate_model(env, model)
print(f" PR : {total_reward}")

print (f" il &4 {total_cost}")

# SRR (R FR /NN 53

df[ /NI ] = df['BIE (h) '].apply(lambda x: int(str(x).split(':')[e]))

# WE P

plt.rcParams['font.family'] = ['SimHei']

# %H Seaborn K%

sns.set(style="whitegrid")

# VA ETI D

plt.figure(figsize=(14, 10))

# 2l R L
plt.subplot(2, 1, 1)

sns.lineplot(x=' /M I} ', y='Purchased_Electricity A no_storage', data=df,

color="b", linewidth=2.5)

16.

sns.lineplot(x=' /M I ', y='Purchased_Electricity B _no_storage', data=df,

color="g"', linewidth=2.5)

17. sns.lineplot(x=' /M I} ', y='Purchased_Electricity C_no_storage', data=df,
color="r"', linewidth=2.5)

],8. plt.plot(df["’ /N 5} '1, purchased_electricity, label=" H
linestyle='--", color='k', linewidth=2.5)

19. plt.xlabel('ifE] (/M) ')

20. pit.ylabel("WHE (kW) ')

21, pit.title(" #REKMHHE L")

22 plt.legend()

label="

label="

label="

fifi

amp

g

il X A E fi#

il X B L fif

i X c & fi#

VG

amp
g

amp
g

faim
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23.

24. & B RAR

25 plt.subplot(2, 1, 2)

26 total_cost_before_series = df['Total_Cost_A_no_storage'] + df['Total_Cost_B_no_storage'] + df['Total_
Cost_C_no_storage']

27 total_cost_after_series = df['Total_Cost_A'] + df['Total_Cost_B'] + df['Total_Cost_C']

28. sns.lineplot(x=df[' /N I '], y=total_cost_before_series, label=' & fir H & R K
', color="b", linewidth=2.5)

29. pit.plot(df[* A w7, total_cost_after_series, label=' H ff # &k XK
', linestyle='--', color='k', linewidth=2.5)

30. plt.xlabel('If[a] (/MR ')

31. plt.ylabel(' &4 (Jo) ')

32, pit.title(smAnit")

33 plt.legend()

34.

35, # R R

36 plt.tight_layout()

37 plt.show()

# AR S 1 e

optimized_strategy = {
NI df[ ] tolist(),
"ML T f#RE" : purchased_electricity,

VB _H#fRE : total_cost_after_series.tolist()

€2 Bl N Bl 5~ el U Fou

print("RALJS NS : ", optimized_strategy)
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B 1

Jre: Tl s AT B Ja B A

_ e BE
BX BX EX e EESR Exck EECR HEA am

Bl AR B CR HRE Tmug gy mun BHE . 1. icity_ C  Excess._| icity_A Excess._| icity_B Exc

o B & = (p_u;—" (Gu)  (pu)  (Gu) o 2=
0 00:00:00 275 241 302 0.0000 0.2301 0.0000 0.1464 0.000 230.1 228.80 0.000 0.0
1 01:00:00 275 253 292 0.0000 0.3828 0.0000 0.2175 0.000 38238 183.25 0.000 1298
2 02:00:00 277 329 307 0.0000 0.2968 0.0000 0.3959 0.000 296.8 109.05 0.000 0.0
3 03:00:00 310 315 293 0.0000 0.4444 0.0000 0.1831 0.000 4444 201.45 0.000 1294
4 04:00:00 310 290 271 0.0000 0.5029 0.0000 0.4716 0.000 5029 35.20 0.000 2129
5 050000 293 270 252 0.0000 03609 0.0000 06215 0.000 360.9 0.00 0.000 909
6 06:00:00 293 307 283 0.0000 0.2402 0.0000 0.2946 0.000 240.2 135.70 0.000 0.0
7 07:00:00 380 354 223 0.0058 0.0473 0.0105 0.1214 4350 473 156.00 0.000 0.0
8 08:00:00 375 264 292 03026 0.1538 0.3280 0.0250 226.950 153.8 82.70 0.000 0.0
9 09:00:00 281 315 283 06020 0.1068 0.6314 0.3023 451.500 106.8 0.00 170.500 0.0
10 10:00:00 447 313 287 07711 0.0518 0.7936 0.0196 578.325 518 0.00 131.325 0.0
11 11:00:00 447 291 362 0.8555 0.2169 0.8925 0.1224 641.625 2169 0.00 194625 0.0
12 12:00.00 447 360 446 08531 0.3546 0.8999 0.3335 639.825 3546 0.00 192.825 0.0
13 13:0000 405 369 504 0.7842 0.2194 0.8221 0.2653 588.150 219.4 0.00 183.150 0.0
14 14:0000 404 389 455 06437 0.1110 0.6667 0.1220 482.775 111.0 0.00 78775 0.0
15 15:00:00 403 419 506 04242 0.2186 0.4275 0.1633 318.150 2186 167.85 0.000 0.0

Edi@E (h) Storage_A Purchased_Flectricity_A Total_Generation_A

0 00:00:00 0 275.0 0.0
1 01:00:00 0 275.0 0.0
2 02:00:00 0 277.0 0.0
3 03:00:00 0 310.0 0.0
4 04:00:00 0 310.0 0.0
File Edit View Inset Cel  Kemel Widgels  Help FEfE | # | Pythen 3 (pykemel) O
B+ % BB 4 + piEis B C W &8 ~ =2
200 — EEcEHE
--- EEARSRE
. 50 Y EEs#fsE
8 B cH A
F A
100 —*
. e
0
0 5 0 15 0
Bifa] (i)
BRELL
— ERESEHE
B0 - ARESEE i /
00
. 250
P >N\ C
# 150 3 N
&

B ()
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B3 2

I RIS

22 Bl ©0 Bedll = el B fuu

—_ = = = \O
W= o

15.

import pandas as pd

# DRIUEGRE SO
file_path_load = 'C:\\Users\\XXX\\Desktop\\Ffff} 1: #%[@EX 47 H 514 . x1sx"

file path_generation = 'C:\\Users\\XXX\\Desktop\\F{F 2: % Fel[X L7 H X6 & Lk . x1sx "

# BRI el XA A A
df_load = pd.read_excel(file_path_load)
# BRIl X RO R RS

df_generation = pd.read_excel(file_path_generation)

# TS B XORUOR R ORI PROR LR

df_generation[ 'S KHE_A'] = df_generation['[@X A JefRiiJs (p.u.) '] * 750 # 750 kW AIGIRIEHLE

df_generation[ '@ KHiE_B'] = df_generation['[EX B XHLH ) (p.u.) '] * 1000 # 1000 ki A FHLEEHL

df_generation[' &K HE _C'] = (df_generation['[@X cJufkili)) (p.u.) '] * 600) + (df_generation['[d

X cKMHEHA (p.u.) '] * 500) # 600 kW JGIREENIA TR 500 kW KI5

16.
17.
18.
19.
20.
21.

# B = A X

df_combined = pd.merge(df_load, df_generation, on='[f[i] (h) ")

# HHEIFRRE A RE

df_combined[' & & HL f# _total'] = df_combined[' & K H & _A'] + df_combined[' & K i &

_B'] + df_combined[ 'SR HHE_C']

22.
23.
24.

# LA IR R IR T R

df_combined[ ' & 1 fif % 3K _total'] = df_combined[' [ [X A i fif (kW)'] + df_combined[' [d [X B £ fif

(kW)'] + df_combined[ '[H[X C fif (ki)' ]

25.
26.
27.

NNk LD -

# BB B R A2k

df_combined['Hiffi'] = 1.0 # ML A 1 78/kiWwh

from pulp import LpProblem, LpMinimize, LpVariable, 1lpSum, LpAffineExpression, value

# BB

W

N

T = len(df_combined) # Iff i
E_sto_max = 1800 # fifit "G A% E (kih)
C_cha_max = 800 # 7HIIHE LR (kW)

C_dis_max = 800 # JUALIE LR (kw)
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8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

eta_cha = 0.95 # 7EHACE

0.95 # JUBAE

eta_dis

# B LR ]

prob = LpProblem("Storage_Optimization", LpMinimize)

# JURBE

C_cha = LpVariable.dicts("C_cha", range(T), @, C_cha_max)
C_dis = LpVariable.dicts("C_dis", range(T), @, C_dis_max)
E_sto = LpVariable.dicts("E_sto", range(T+1), ©, E_sto_max)

P_purchase = LpVariable.dicts("P_purchase", range(T), 0)

# PIGiERE L

prob += E_sto[@] == 0.1 * E_sto_max

# HiRERE

prob += 1lpSum([P_purchase[t] * df_combined.at[t, 'HLf}'] for t in range(T)])

# LHKAE
for t in range(T):
# PR

prob += P_purchase[t] == df _combined.at[t, 'E 77K _total'] - df_combined.at[t,

_total'] - C_dis[t] + C_cha[t]

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

# fERERE B P2 TR
if t < T-1:
# WEAEBEAE PRk =0
energy_balance_expr = E_sto[t] + eta_cha * C_cha[t] - C_dis[t] * (1 / eta_dis)

prob += E_sto[t+1] == energy_balance_expr

# HBE RS IR
prob += E_sto[t] >= 0.1 * E_sto_max

prob += E_sto[t] <= 0.9 * E_sto_max

# ORI

prob.solve()

# RIEER

C_cha_opt = [value(C_cha[t]) for t in range(T)]
C_dis_opt = [value(C_dis[t]) for t in range(T)]
E_sto_opt = [value(E_sto[t]) for t in range(T+1)]

P_purchase_opt = [value(P_purchase[t]) for t in range(T)]

# PR E ., SRR, S RARI A BT R g A

TR

=

=
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51.
52.

total_purchase = sum(P_purchase_opt)

total_curtailment = sum([max(®, df_combined.at[t, '&KMiE_total'] - df_combined.at[t, ' 4ifits

3R_total'] - C_cha_opt[t]) for t in range(T)])

53.
54.
55.
56.
57.
58.
59.
60.

total_cost = sum([P_purchase_opt[t] * df_combined.at[t, 'Hif}'] for t in range(T)])

average_cost_per_kWh = total_cost / sum(df_combined[ ' fifififi>R_total'])

# R

print(f"EJHE: {total_purchase} kwh")
print(f"EFRFEHEE: {total_curtailment} kiWh")
print(f" S ftdkA: {total_cost} Jt")

print (f" 47 L EFI M A . {average_cost_per_kWh:.2f} JG/kWh")

B 3% 2

T IREEER R

1.

o) M (S 1 Bl - 12

9.

10.
11.
12.
13.
14.

il

15.

=N
==

ol

16.

import pandas as pd

from pulp import LpProblem, LpMinimize, LpVariable, 1lpSum, LpBinary, LpStatus

# RHUCHAE SO
file path_load = 'C:\\Users\\xxx\\Desktop\\[fiff 1: %[ [X 7 H 4 15 $edfi . x1sx !

file path_generation = 'C:\\xxx\ \Desktop\\FfH£F 2: £ [7 [X 41 H 6K A . x1sx!
# IRl X A A

df_load = pd.read_excel(file_path_load)

# R X R K

df_generation = pd.read_excel(file_path_generation)

# PSS T XS R R ORI OO SR

df_generation[ 'K HIE_A'] = df_generation['[@X A YRS (p.u.) '] * 750 # 750 kW AVCIRZENLZ

df_generation['E A HH_B'] = df_generation['[@d[X B XHH /7 (p.u.) '] * 1000 # 1000 kW X FEEEH]

df_generation['f KM _C'] = (df_generation['[@X C ik 71 (p.u.) '] * 600) + (df_generation[ [

X cHEHA (p.u.) '] * 500) # 600 kW YeiREEHIAEA 500 kW KUFEAEHLZ &

17.
18.
19.
20.
21.
22.

# A IF = A X

df_combined = pd.merge(df_load, df_generation, on='Hf[i] (h) ')

# G IF A R R

df_combined[' A% & Hi & _total'] = df_combined[' & & HL & _A'] + df_combined[' & &k H &

_B'] + df_combined['HAEHE C']

23.
24.

# IATERRB SR TR
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25. df_combined[' i #1 7 # 3k total'] = df combined[' @ X A i #if (kW)'] + df_combined[' [@ X B fi #if
(kW)'] + df_combined[ '[H[X C fif (ki)' ]

26.
27, # B i

28. df_combined['HM'] = 1.0 # WIHMY 1 76/Kith
29.
30. # g

S

N

=

31. 1- len(df_combined) # INf i B

32. E_sto_max = 1800 # f4AERZM AR (Kih)

33, C_cha_max = 800 # AT LI (ki)

34, c_dis_max = 800 # T LI (ki)

35. eta_cha = .95 # Ak

36. eta_dis = 0.95 # ik

37. electricity_cost = df_combined['Hifft'].to_numpy() # Hif/i%4l

38.

39. & G mILe i

40 prob = LpProblem("Storage_Optimization", LpMinimize)

41.

42. & s

43 C_cha = LpVvariable.dicts("Charge_Power", range(T), ©, C_cha_max, cat='Continuous")

44 C_dis = LpVvariable.dicts("Discharge_Power", range(T), 0, C_dis_max, cat='Continuous")

45 E_sto = LpVariable.dicts("Energy_Storage", range(T+l), @, E_sto_max, cat='Continuous')

46 P_purchase = LpVariable.dicts("Purchased_Power", range(T), @, None, cat='Continuous")

47 x_on = LpVariable.dicts("Discharge_On", range(T), 0, 1, cat=LpBinary)

48.

49. & sEx-ArkmiE

50. M= 1000 # EAMETELBK, LABHREEL KA EE

51.

52. & BwEs: BoMEA A

53 prob += 1pSum([P_purchase[t] * electricity_cost[t] for t in range(T)])

54.

55. # woksu

56 for t in range(T):

57. # TR

58. prob += P_purchase[t] + M * x_ on[t] - C_cha[t] + df_combined[' & kK H &
_total'].iloc[t] == df_combined[ ' M fifijiik_total'].iloc[t]

59.

60. # FEREAE LT 2R

61 prob += E_sto[t+1] == E_sto[t] + eta_cha * C_cha[t] - C_dis[t] * eta_dis
62.

63. # AL RGUA I

64 prob += 0.1 * E_sto_max <= E_sto[t] <= 0.9 * E_sto_max

65.

66. # R, B RO R A 7E R A S I A AT
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6’7. prob += C_dis[t] - C_dis_max * (1 - x_on[t]) <= ©

638. prob += C_dis[t] - C_dis_max * x_on[t] >= ©

69.

T0. # wrsanm s libae i RL R

714 prob += E_sto[@] == 0.1 * E_sto_max

72 prob += E_sto[T] == E_sto[0]

73.

T4. & s

75 prob.solve()

76.

TT. & sigs

78. if LpStatus[prob.status] == 'Optimal':

79 print("Optimal Solution Found.")

8(). for t in range(T):

814 print(f"Time {t}: Charge Power = {C_cha[t].varValue:.2f} kW, "
8:2. f"Discharge Power = {C_dis[t].varValue:.2f} kw, "
8:3. f"Storage Energy = {E_sto[t].varValue:.2f} kwWh, "
8‘1. f"Purchased Power = {P_purchase[t].varValue:.2f} kWh, "
85 f"Discharge On = {x_on[t].varValue}")

86 else:

8’7. print("No optimal solution found.")

B % 2

Il T BEEVAR 2 B AR

1 import numpy as np

2 import random

3 from deap import base, creator, tools, algorithms

4.

5 # BRI HL

6 solar_generation = np.array([e, ©, 0, 0, 0, 0, 0, 0.0163, 0.6306, 1.2334, 1.5647, 1.748, 1.753, 1.606
3, 1.3104, 0.8517, 0.0835, 0, 0, 0, 0, 0, 0, 0])

7. wind_generation = np.array([0.3765, 0.6003, 0.6927, 0.6275, 0.9745, ©.9824, 0.5348, 0.1687, 0.1788, 0
.4091, 0.0714, ©.3393, 0.6881, 0.4847, ©.233, 0.3819, 0.6424, 0.6829, 0.8191, ©.7945, 0.39, 0.3438, 0.3432, 0.
2323])

8. load_demand = np.random.uniform(300, 600, 24) # {7k

9.

10, # s SUEMERBINE FFR: SAMURA, SRAL T A AR IROR I 5

11. creator.create("FitnessMulti", base.Fitness, weights=(-1.0, 1.9))

52

gooo - gooogo




12. creator.create("Individual", list, fitness=creator.FitnessMulti)

13.

14, # VG BERIE AL A

15. toolbox = base.Toolbox()

16. toolbox.register("attr_float", random.uniform, @, 1)

17. toolbox.register("individual", tools.initRepeat, creator.Individual, toolbox.attr_float, n=24)
18. toolbox.register("population", tools.initRepeat, list, toolbox.individual)

19.

20,  # VPAEREC TR AR AT A ARV A 2

21. def evaluate(individual):

22. cost = @

23. renewable_usage = @

24. for i in range(24):

25. # VRN K SEBR R A

26. solar_output = individual[i] * solar_generation[i]

27. wind_output = individual[i] * wind_generation[i]

28. total_generation = solar_output + wind_output

29. renewable_usage += total_generation

30.

31. # RSO RN, RIS )

32. if total_generation < load_demand[i]:

33. cost += (load_demand[i] - total_generation) * @.5 # J4HI AN 0.5 jt/kwh
34.

35. # KR A R HL R AR AL N SR R I LG A

36. total_possible_generation = sum(solar_generation + wind_generation)
37. renewable_usage = renewable_usage / total_possible_generation

38.

39. return (cost, renewable_usage)

40.

41, # PR R T E AR

42. toolbox.register("evaluate", evaluate)

43. toolbox.register("mate", tools.cxTwoPoint)

44. toolbox.register("mutate", tools.mutFlipBit, indpb=0.05)

45. toolbox.register("select", tools.selNSGA2)

46.

47. % FEEIGL

48. population = toolbox.population(n=50)

49.

50. & BfTRAEE

51. result, log = algorithms.eaSimple(population, toolbox, cxpb=0.7, mutpb=0.2, ngen=40, verbose=True)
52.

53, # iRt

54. best_inds = tools.sortNondominated(population, len(population), first_front_only=True)[0]

55. best_ind = best_inds[@]
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56.
57.

print('Best Solution:', best_ind)

print('Best Fitness:', best_ind.fitness.values)
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