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Al FAEREJR (renewable energy source, RES) #i AN & FE1K) . SRR - EEIH. Y6IR (photovoltaic,
PV) FIRJJi%EHL (wind turbine, WT) #H Ry ib X S by 7y FESZ RS b, e & 2
RESHI S EAR S 2 — MW B PR. 1 88 o0 8 R AR TR 8 A I S HOR IS
HARAR . AT T —FiJayalRA BIEA—FIEE T “B5%7 MRS (teaching—learning-based
optimization, TLBO), #CHILBOK Y, FHAH THEPV-WT- bR & RGN B &, i LA
B/ NI RE BSAR (total annual cost, TAC) i 2V ¢ 8 I 7R 75 3R o RGUA0 ] SEPE bl e K v 4t

%@EE 52k %  (maximum allowable loss of power supply probability, LPSP,,. ) K. tb#JLBOSTEE
?ifg; JRJaya, TLBOMIIE AL HERILE R, 4R KY, FETACTHTIH, PV-WT- A REUE &5 1T
ﬂ%iém Fo SPV-AIAMWT-raith RGAALL, Z ARG LT S K LPSP,, [E#R 52 it — 25 2001
s o filt IR T %o

ﬁ%;f RS © 2020 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
fett Education Press Limited Company This is an open access article under the CC BY-NC-ND license
fhA AR e 2R (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1.2|= fls. URE. HbARE. /K% HURIEUA [ SR 4N 7S AR TR 4].

fe i e R AT A . R ORI R S A AR
TRUR, X TR B E VAR [ 1], JFiE A S
PR BRAE WL . flan, A REEE R S 3R
BRI, S BRI, SR RE
KR [2]. —F Ak (CO, 295 N AP AR =Sk
HERCE ) 77% [3]. X L8 P8 308 1 Bl A A 1 -5 BOA 88
AR Bk, FREIRR. &5, iEiE.
B AR e A 7 07 S M T i AT S5 . A
EREVE (renewable energy source, RES) & —Fl#r Ak
PWIERE 2 B, R &M J R BRI R L, B S ORFH

* Corresponding author.
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FERT AR T, XIJi%eHL (wind turbine, WT) H15t
{R % Hi (photovoltaic, PV) A& fix £ 2. Fe o ik O IIHEAR,
It ELAE ] Btk 2 0 T DA A2 H 09 2 35 74 75 SR K R
AR [5].

HHARREIRAE LG,  H1 K BH B8R XU AE R G4 R 1 o] 7
AERRURSZ R T R 2 RO, RN AT T > AR
CO, K [6,7]. SR, 4 HRFKA, XLETIF AR
TR (R AT TR Ry o PRI, BT AR BRI B AT FETE R —
22 DL A A i o () E B 0] . O T AR R A B )
FEREVE AR = rh 75 25 TR ] AR RN . ] B AR BRIEA I FR
LT M (grid-connected, GC) A4 37. (stand-alone,
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SA) B, EGCHIT, B AR ™ A 1 iy iE
NHITAREN ML, MAESABAT, ol HARHE
BN P s e R HL 8]

EGCHR G, HIEHEEEIAHEM. R
RESHL AN, FH = o] DL FH HL IR SR A H g 6 2
HAfFER. Hk, GCREMNFAETFEERB. SAR
GO T AR FEE R @, R AR T RES 72 £ 1
W7y, JFHEA SN RGER. A, ESAREH
fEHHARES 2 FEECK I REE AL . X P52 2 T 5
REVRANVCEC s Ol A, BIUR L AE s AN RE 2 P 1 47
far 5 2K o DN T v IR AT P AR BEUE I AN TR P FAE DS Bk
ZEER9IKH TIRE T AR R4t (hybrid renew-
able energy system, HRES) FlfifE R4t (energy storage
system, ESS) SRt & FHI /7 I A far /5 5K K BH BE A1 KUBE S
HAMREE S HRES DA KR ESS & 3 45 A 76 — . B it
BRI (fuel cell, FC) AN A B AL R ESS 4 F oK
fi s 7 AR (RIRES A fIRe =/ T- BT 75 0 R
BRI, Fik, HTHRESFIESS i fi i (1 sk Jy
FPON LR RES AT FRS:. TR HE[10],

HRES [ 3= 22 0] @ 2 1 8 SN A RS &, B
FEWT. PVATEEI . A& o 7 SRS, anidk AT mT
ATHEREIT . VIR BEAR BT B . AR 4Edr RG]
SRR B MERE MUK (total annual cost, TAC), K/
SENERGE M HRES AR5 B J7 A O BT A B[ 1]
RES AN FEEVER] LUE IS Y R RGHAT A B R Ue: R
M, XSS MARGERA. 5H—J7H, RGEHAME
Eid/NSE Mt Ik (loss of supply, LOS) [a] i, HJI
RES/™ L [ Re &/ T H B s g i ffoag . DRIk, 7R 92
TACHITEIL T, KERERGAMHVIEE R HRES [ 5
R TR R B OCEE[12],

ET A THE, R E ARG E kA E 8
W TR ERESIHE LA &, 1] F 4R YR TR & LA A
T (hybrid optimization model for electric renewable, HO-
MER) RZ—Fpd T3 TR, HTaeiiifh. Busit
Sy AT AR . Mamaghani 25 [13] 8 308 F PV-WT- 48 &
HIALHRES 2y #F4E U3 A 328 1 2 WA FE AR F L A AT
X RASREAT T HARETEAAT 08, % S miEAT
THEET . HOMER#fF T H M T HORZ BFEHRES
AT, LU AR 13048 kWL G THIE(EHT1185kW I
PRI R R [14]. i PIME (net present cost, NPC)
A AR CE T S, PV-WT-480h- L ith R 4t & 4

AR I S R4 N 1.715% 107 36 012,571 131X
10° kg, AHLLZ R, & S8l & LR A 16 g A4 T
FEAE2.109% 107 £ TC VR BLE AN S 432 244 X 10° kg i) — 44
HemHE . Karmaker &5 [ 15148 F PV-A: 451 - FLth 5 G0 %)
e IR P L Bl PR AR A F AT PR B A 2 B T AT PR VR A
I HOMER Pro 43 H 45 R o, 52T A i
MR E TR B, THZ ARG 81>34.68% 1 4
iHE R, AT E12~183% 0. &% Uk E A
FITHOMER 8 AF[13-151474E — Le JR BR 1%, & AN REdEAT £
Hbrtitl, H3CRHETNPC &/ MU H bRk . bk,
HOMER A SRR/ N I EEAS AT AR 14, I B3 Kk
TR E R E I TH RN TE]

% JEFHOMER FAT 1 R PR A, & 1) A 7 22l
T2 CHk[16-18] Hod i VR A B A 2P E MR (mixed-in-
teger linear programming, MILP) SRfi#RES i) 3 H. 70
HE. Ren%[16]H[E T —NGCHE, HFEERRIE
FRIBILPV-FC-HL RGBT L. fEEHRH T —1
% HAR B EOR [7] I AR A A — A s, i
MILPHiR XA 0] i, I S AR sz [ml H . 25 L%
W, WA TR&m&E A, mPVINLE—FhIE K
U 7 % . SR, MILP 2 — MRk, 7
TE— L F IR . MILPH AR i o 7 R 25 AT T 568
Wz, DARBIUIMM TR A, X R O5EAER
TRENUAESE, IF H A2 R BETE f 25 5 i) R i R

HABAF Fe R BT o8 R A EE, A N TR
1k, (artificial bee swarm optimization, ABSO) [19]. i#f%
$7%(genetic algorithm, GA) [20-22]. A7 44 2 (harmony
search, HS) [23,24] flki-FEEAL AL (particle swarm optimi-
zation, PSO) [25-271%%, HH A rykMLL, XEeH L
HAESE M w2 [28]. 2R1, #AIHS. PSO. GARMI
ABSOZEH AR TR E T HIENS A se KIEER . #1
n, HSHEVRAE AN R0 42, 5255 R S AT RD 5 Rl i HY
EMEEE, MPSO KL R L BA W IEREAE N Fn At 2
ZH . GABIRTRE N IREEH T DL XA 2 .
[EFE, ABSOANBELE A W46 AV 5 LR 8 S 2801
TEOL T AT, XEESEFE “ e “hisgig” A M
SN RBUE . 1A TR AR A 5 57t 7 R 5
LR E S HOHAT R R, DRSS R Rl
BN, FRE T HEIERISH00T R R0 s 0 fd B
TIEE TE]

JLJE R AFFAPSO. ABSOFIGA, AMY 7 Eifs &



THEERSH, mHGEN ST R R, DSk
FEARARRTT 5 o X EEFVRH I AE T B T XS4
e, RAEFIVERE % . AT SHR TN H AT e
SO SR R AR RE, I AT BE - B0 SR TR) 1S n 2B A\
JiEh RS . R, SCERh iRl 1T ueEE, B
FhiJaya [29]. FE T =Mk (teaching—learning-based
optimization, TLBO) [30]A12¢#E ) TLBO[31], X EEH kL
AT BATA R B LS5 thah, XEEE DR H
WA T Ll IR S8 antEARBOR AR BRI

Al i Jaya, TLBO f Hik 15 HIAILBOK fiff th
HRES [ e s i ill. JA1% S PV-WT- IR &35 /)
R R SE, B Al AT Sk LR &8 ) R G
WO BEHERANG S A R sTEk 2 A 1 BT TAE
(I REfR[32]:

(1) PV-WT- H3itl R G5 1) - A AL AF 2 R S B3 &
HRES #2835 47 1] 72 M 34

(2) FEARSER E T E B T, R 1 Jayafl
TLBO R K FHHRES L H AL i S R HR,  PAREAIC
SAIREL N I HIAE B 3

(3) &4 TayaSiiE M TLBO S 24 ST By, $R
T RS HIRILBO, H TR A R

(4) {3 FIHI 7 32 1t B 2% Fil die K 70 VR Bt PR R
(maximum allowable loss of power supply probability, LP-
SP,...) BUEKRE BRG] SEVE.

AILCEFRI; L HEIR : B2 R T TR ) R Gt
AR, B E A NI T — L 2000 H Az R 2 563
W TR 1R R4 e T A
HESATRAL T IR AR R TAE R,

2. RAGHRBENBTEAT
A ELFE RO DL S RES A TAC L1 A 3K

2.1 3R RS

K1 E75R T PV-WT-HiBHRES [ i B Z G /Y, 41
HI RS B (direct current, DC) M 4k1A R
GERL K. BEREREFIXRES, AFFGRRAWT. K
BH B A XL RE 22 48 1) [A) B 22 3 SR ES 7= AR JR e 1 HAN AT
T e TR . R, fESARELEC R {E A RES K
FEREREADMN. WO, ASEE A K E BRI X EE R4t
FJHRES 5 ESS. ESSHI ML ZH i), iX Lk iyt A7 i 7E L
Mg, FRERMEE], ESSAH IR IR It .

( /‘ X Solar
/\\\irradiance

= / '1_)| DC/DC—+—{DC/AC}— $

DC bus

PV panels

BEE
Battery bank

T Tﬁ‘q AC/DCHDC/DC}+—{DC/DCk—s
WTs

ElL. 2 HRES K RGHA . AC: L2y DC: HiftH.

RES/K LA 3MA A AL P, & R F1 7R 5
PR, RES (BFEWTHIPV) FEAER R I H4%
TR H BB AT, WA FAER R R, EER
0, RESF=A: s 88 KT FH F 1B 46 11 el 97 e
AS FHESS RlK A4 M 1) B Ffig A7 72 B 1 2L vt b, otk
i, REE MRESTIFEEMESS; EFHEMA T, RES
PRI DAL TP TR ThE, wl R FHESS ki 2 H
PRI A, MR, BEE MRESFIESSA Ml FH HL 14 1 £
#. Kk, ESSHRESEEA MM 7l FEMER &,
I HIRABEA F P i & N4 B e B

2.2 PR A B A 3

AN RES. ESSFITAC 224

(D JeRRBEREMAEEAN . KA1
EOGARE TR B (D &5 H[19]:

POWP"(£) = P2 s (I/1") x [14+- T (T = T*) | (1)

o, POWPY(4) & I B A B /NI AR AR BV TR, W
PP REBEARTh R MRFBRPHBELEZE AR, Wom*s 'R
INBH A FIIRHREL S, {91000 W-m 2 TR IR
(R R AL, TR e, BE 37 X107 C
[19]: T"IRBLESH XM FICRBIIERE, W@HEEN
25 °C; TARFHIMIESE, mhEdsR (2) 155

Tnoct _ 20
X

¢ __ 7gamb
T =T"" + 300 I (2)

A, T FR B AR EE, Cy T SRR IEH T fI
REE, C, TV BTl o R RIS

WERAFAE Z A ICARIRINT, R R B D) 3R E A 45 HY
L/
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(1) = NP x POWP'(t) (3)

(DO WTHHRGH AR AN WTR B4 RS
FIMLE) 56 A5 T R . R IR FALAT P N Bl 2 A
SRS, I P AL 3% B B AR 4 X A B 77 1 FLAL
b NTREWTRR, IRV ZRETE S IS4 k.
BFRR A FIWT Dh @it X (4) 1H5[33]:

POW"'(t) =0, v(t) < 4

POW"'(t) = x- [v(t)> —y - P™|, o9 < v(t) < V'
POWY(t) = P, v" < v(t) < v° @
POWY(t) = 0, v(t) > v

X, o FRKGE; P FIRWTHIFRFRIIER; o'y 0 Flo® 435
FonEnE MG, P KGRI KGR, S8 flyal s i =
(5) 3f5:

{x =P/ (o) — ()]
(5)

y= () /[ = ()]

WUR—AN X 2R MW THCE AN, = A1
IR BRSO TE L (6) 3RAT:

() = N™ x POW™(t) (6)

(B RESRik#HESH P AR A, PVAIWT 2
TR S () TR RN:

() = V() <y + EV () x 1} P

2P, BRI AR R
FESRBET,  FH P AE I B 1) G far & R T FL 3R A
HESL. BIE, SRt (8) T4

&U(t) = D pg(t) x x(t) (8
g=a

o, gMlp 73l 3R B BB SR BUE ThEs ¢ () 2 BoR
B RS HIATREER,  Hp(0= 11, BEARSLER [E 4N
JFATIFI, A MR R .

(4) WA EERE. BT AKBHHE S A XGE 1
(EEvE, Wb RERE I KA. 1S () KT
EY I, H AL T HRAS (state of charge, SOC).
BRlt, @il (9) 19 FIE R« Ab it 4H 1) 78 HL B[ 19]

¢

éstorE(t) _ éstore(ti Dx(1-1)+ n; :|
! 9

égen (t) o

X rlb> Végel‘l(t) > éld(t)

T, S @) RIS (1— 1) 43R IS B e Al 2 — 1HE F It 2 A )
fAfit s 1 RN EBRRES: P TR TR
MEENIERT BN TS @i, E i R i RE T
FHSR 2 P B8k DR, AR A PR A AR A R
o BEHIBAB B E N, HA A ZE EIRE R
Mo PRk, BRI A R (100 25 H:

S = E (1) x (1 —1)
_ [# _ égen(t)} i, veEn(t) (10>
< &)

2.3, HL A Hp E e T T

PV-WT-HLiB HRES H1 ) — AN H Bk S AR S ot v H
o ZH BT 75 i b g (V). NPEC T R Pt Ak B SR
FIRESH KR, AT HRFIAEREN, B — A
s (temp) HAGHYILEM N0 FERT 2 elRla], 4
RES ¥ L& i T F P B SR 3T, 1200 B A i A% 4 R
X (9 AR, HE, URESANKHEE/NTH
FRe i i, AR R (100 TERTIG IS A7 AR &
DR, 95 31 2R Gt H it 1 A B o 1% S temp 1) 1 28
temp [ IE{E R 7R RES I & HURT FHAE, T AAUE R 2%
BRAPIR AR, BITHRAAEAER (T 2Rk
IR K S /M2 2, aTUUEE R (1) 13-

T™¢ = max(temp) — min(temp) 1
A H, max (temp) Flmin (temp) 7375l 7 I I A7 22 B Hh 2k

BB NE RS I, TRME S (12)[34) 5 4
E RGN iR

TI'SC
N> = %TEJ (12
A, 1352 H AR FR A

2.4, RG] HEM:
TEEVEESARG R L AIE ER EER R B,



EARH, FHEHShE 7 ik % (loss of power
supply probability, LPSP) [FJ#E& LIS i 5 HRES.,
LPSPH0F] 1 LB W B 7 #~. LPSPAHOERR RS E
HOATERE, RGP I B A . LPSP O 1 R IRKIEA
Ly R ER . 14E (T=8760h) [ILPSP ] LLFE RN :

S LOPS(t)
S0 (1)
LOPSARZ H s b by 3t 77 . 24 HRES =4 [ S fE

B EENTARAIN E BN B P s g O, e kA
LOPS. LOPS[#E Lan=t (14) Fimxw.

LPSP = (13

LOPS(t) = &(t) — &&"(t), Yt e T (14>
KR4 TIF IR G KRG EERRER. %
BT R X = 5045 H o

X=1:50

k
)

Take input data for
X, N*, N*', N®, load profile &',
LPSP__.and T = 8760

Calculate energy generation,
energy stored in batteries, excess energy,
and deficit energy

No

t=t+1

Ift =8760

Yes

Calculate LPSP

Discard solution
X=X+1

Accept solution: N*, N*, and N®

Stop )

BE2. it FR G R G T SRR AL IR

923

2.5. TAC il € M2y R

TEATTH, I T TAC KM Hbr k% L &2 2
AT

(1D Hbre % Hbr g BORE T 3R B HRES I 2 i
/INTACHS I & 2 38T 75 I i AR A 8, R ™
TAC & HH P FPAS [B] 1 sl A HE ST SR Y, B4R B 55 A il A
COPRNAR B Y RRARC™™ . BT AR R AR AR T H T R
M J5 8 A R AT H A N . PRk, /M
i (15) A

Minimize (¢ = (©@P 4 ¢mo (15>

WIGE A A TG B WO R FE AR A . ik, A&
SAFEH T AR BRI T (capital recovery factor, CRF)
J7i%. CRFHZN (16) 153[19]:

(1 +i)"
(1+i)" -1

o, FFRIRHIE n TR ARG ARy (AN LD
FETUH A dm A, 2 H Z A TPV-WT- itk
HRES I JUANEAE. B, 120 B F it i 5 i i 1
NS 5ZHICERI19] TR 7R84, T8 I iRk
AFFRIBUE TR BAE I (17) #1521

1 1 1
1+ +

+
vy @t qen”

CRF = (16>

b __ b
=P x amn

Ao, GARERARMLASATIME: p" RIS .
FAlth, ARG e M AR il v 9 104E . (A,
AT (18D s Sl — AT R BUAEL A 7

(:an/conv _ pinv/conv x |1+

(18>

1
2, MO RR IS A A/ e W d S I ARl p™ ™ R
INTBAR 3 AR AR A

JERD K PV-WT- L b HRES 43 il PV AR . WT. Hijth Al
AR B R A, AT 550 (19):

(P =CRF
« (Nwt 5 {4 NPY 5 PV +Nb % Cb +Ninv/conv % @nv/conv)
(19

A, O FRIRW T B AL A (P R AR TR AL AR
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R HLM Y AL AR OO B TR AR B B R A B R
Ay N™ R AR e AR AU

S50 (200 T 3RAT R G AR 1 4E 4R A
Cmtn:

Cmtn — NP % va.m + Nwt % iwt,m (20)

2 CVMRICT T 2 BRI CARTTRRTW T SR GRS RRA
FEATC, ARG PEIVAR G/ e s M R L 2 5P R A

(2) ZFFA o ARMIRRS™™ () B i 4L L fr B 52
QD g5 i IR KA A B LR

éstore,min S éStOl‘E(t) S éstore,max (21)

o, 1O MR 2 L A e R TR L R &S M M AL
PR BRSSO M R R e R R, Hit
(22) iHEAAH:

éstore,min _ (] _ DOD) > éstore (22)
A1, DoD (depth of discharge) #¢ 7 B K HLIE
NTAH—NEMRS, AR MUt E
85 (23) 4y I LPSP LR

LPSP < LPSPpax, VO < LPSPpax <1 (23)

2, LPSP™ FRoR ALVFIILPSP e KAE,  HFTT4RE .
SEAh, 3B R AL LR RGAR AR . WT AT it i
B PR 1

0 < NPV < NPVMax yNPvmax < 30( (24)
0 S NWt S Nwt,max7 VNWt.lTlaX S 200 (25)
0 < N° < NPMa wNPmax < 90000 (26)

U, NPV NSRRI ND M0 ) R ORPV T AR W T R HL it
(P f R . EARSCH,  PRSRAR BV S N R RV BB T
PVTHM I E N0~300, XTFWT¥KEN0~200, XFF A
0~20000. F1 [19]45H T PV-WT- it iRA 2 50 T 75 I 2H A
Mz, KB3RMETERTHA SFAH T HRES I FEM

3. KRR E

ZARFER E RN R K, A Taya, TLBO
AR A ILBOSIAMR R 1 I tE s & I, R4 R
55 5 LR R 28 SURAZ 7 RN GA S5 R3EAT 1 LRAL.

3.1. Jaya

Jaya AL R A LT S, B IR R/
MZabbrite, I HAFTEATATR € T HIE S H a]
17. fEJaya®ykrh, HARRE o) 15 RF UL I # 1% A
IME, RSB REASEN “¢” (=1,2,...,c), TME
A ENEERN “e” M (k=1,2,3,...,e) WIf#. &
PR AERILEA O esr  EAEFEABTT S0 B A o) W e
EHe FFE, o) MmREMEBA0) o Kan, EHIEENE
AR R E L. RO, AREFIVIER P L
AR RS AL B RE, WARIEN (27) [29]3& X

R1 REIRGEIMSH

Components Parameters Value
PV panel P 120W
o 614 USD
o 0 USD
A 1.07 m’
7™ 12%
i 33°C
WT P 1 kW
o 25ms’
o' 11 ms”
e 13ms"
o 3200 USD
o 100 USD
Battery Voltage 12V
Battery nominal capacity 1.3 kW-h
Lifespan S years
7 85%
P 130 USD
DoD 0.8
1 0.0002
Inverter/converter P 3 kW
Lifespan 10 years
qil}v/conv 95%
pmen 2000 USD
Other parameters i 5%
n 20 years

A™: area of the PV panel; #™: efficiency of the PV panel; P,

m\'/conv: rated

power of invertor/convertor; #™*™: efficiency of the inverter/converter.



Inputs

Processing Output

[ )y Z

PV panels NP¥ WTs N Batteries N®

Consumer’s LPSP

¢ No

Accumulative ]

generation £

Is maximum™
generation criteria
met?

energy

\ 4

|

Return globally

load demand &

[ v

A 4

best solution:
Calculate Nev, N*t, and NP

LPSP

Calculate TAC based
on the proposed
optimization algorithms

El3. HRES T fEn & K .

AR RS AT B

Oj,ﬂk,i = ’ﬂOOl‘ [Oj,ki + randm (Oj,best,i — Oj-,ki)

Q7
—randy j; (Ojworsti — Ojki)] |

T, O, pest i O yors s 732 BB HIGE A i AR B 22 178
HiWE: O/ 410, FEHHAE, Trand, ;, Mrand, ;, &7~
HiIANLBAE A IE AR R A BEN AL, YEE I M0 B
FikArand, | (O, pesi— O,4.) TR MRITT S 0] B R B (1)1
), TRIET rand, ; (O, ors.i— Oyr.) T 7~ 8k K FH 55 72 A 1)
Y o PO w2 3 e ep e [ R B A e (= e e e
A R, SR IARAR DT SR S — AR,
N T 3 G HIR AR BORI A, £ e, FRATT 20 i FIMATLAB
R 445 o BRSO T B R BSOR R LR SR A 8 ) B B

32, T HEHEMMhA

TETLBOH, A AT FE 4y HIARTR 5 =) 5 iRl
) AN RHE S PSR B A OG, T ) SR
#5005 N — AR 77 %8 . TLBOREFR S AN A [7] )
BB UMY BORI S 2] 8 B AT — N BB T
=), e AN B 2 5 2 A ) H A S A
>JAHIREK[30].

TEZMI B, 22 #E WP RME R F R H . 8
T3 SR oR HO0T BT 2 218 AT VRS, JRIR B R B
TACIERAES B EREIN . BRI EE SRR 5 21
WP EEFERE 4 2 M. Rk, K B S BT R R I 1 &
TE R A s B AA R, sl (28) ik

1 1 1 1
Xnew(t) = Xold(t) +T1X [Xteacher - (Tfactor x M )} (28)

A, rROR OB TER NIIRENIEG Towo 22 T (teaching

factor, TF). TF#IEFEN1EL2. NAZIEHIIR, Theo NN
WANZEL, 72 HEVEERA S FE o DU S5 A 2R B AL
5E, a1l (29) Fiw:
Thactor = TOUNA[1 + 7 % (2 — 1)) (29)

M (28) F HIX o, AN AE $ AL T 07 (190368 7 3 o 4
I A2

T AFNE, AP E a5 A ) E VL A
5, PAAr R IARATR AR . ZIS RIS T ABA A
e BEHLE RIS XL, X, S m=n, W
S FNNE N EE, wiE (300 B ek

new(t) —

1 | 1 ooyl |
5 {Xold(t) +1X (Xm(t) _Xn(t))7 if Xiney < Xigo

X})ld(t) +7X <X11(t) - Xln(t))’ otherwise

300

X pew (o IUAE 125 3 5 47 138 7 Th REAEL B A 4 4 2
AR R — B RS B R R e & k2 Nk,

3.3.JLBO

JLBO fiJayaZH i, HJ5ZTLBOMIZESIMrEL, Xff
HHE S A R RS R 0%, K445 H T ILBO
FEA S R ARE R . T Igs tHILBO Hy% 3R HRES
() R BT R R TT BRI IR

- IR PSRN RIE PN (IR NN
PATH . BRI AN B () fuar R D

H2: MR ALY, @i (D AR @ i
FLEAAPV IR AWT K& H &,

S IR FEALAE RN NSOIHIEE Ak, W) h M
AL PR P siAS B2 . X = [N, N™. ZES6Ar B 1A



@ Initialize population, i.e., X; @ set a termination criterion ‘

L

Select the best and worst vectors (solutions) based on /
the objective function and constraints in population X

)

Modify vectors based on the best and worst vectors using Jaya equation

Jaya algorithm
N

Yes

Do modified vectors have better fitness
values to the corresponding X vectors?

Accept modified vectors and replace them
with corresponding X vectors

Keep the previous X vectors

l

Randomly select two solutions: X and
X, from X

Yes

Is X, better than X ?

No

X, =X, +r (X, —X)

new old

X0 = X0+ 1(X,~X,)

new

Is X

new

Yes

Learning phase of TLBO algorithm
A

Accept the new solution and
replace the previous solution

better fitness
than X2

No

Reject and keep the previous
solution

Is termination criterion met?

Yes

N

No

‘ Select optimum solution ‘

El4. ILBO Bk AL

B, BN ERFRPVIIREE, B -NRRWT
LE . N TR R R RN, DR
KRGt (29 Lanm e (24) = (25).

FEA: X H, ®AMEARX A2 HHEXEA )
FR MR, FNAR 260 FAHKNLAOREHRX,
L IEARRINEHR K S HUE: X = [N, N*, N'],
RN, B EANICERST N T M. X RES U
BATLAY B E MR (SRR . DRI, IRAE AR IR
RSR[50 X 3] HIHRE, Hd, 50RR1T, 3RREGIM
RESHN . RARXI A KT RAT # AR T HRC 2 2 i)
R R TT 5

FIBS: w0 (13) W BIXW AR kTR

LPSP. HfE, {XHEH LN (23) P4 HMLPSP,, 4
IR AR AR R T %

HE6: PR, N (5 HEX A
YT7 SR A - R & N bR B MR, SR REX R A
FEFN B ZE AR

HBET: il fJayafi (27) FEHEANXHIFHTH AT
£ (NTHINY,

BB LI H M B, WX BEHLIE £ A X,
X, MRHEIERNEREE, @it (30) FHX,.,,
X, BLE B HTIE A

$IB: )5, HE B8, HAN LK bR (1
AWFFH 10048



SRI10: IEFHE T TACH A b B i M ok 7 58
VENER W T 58, IR [BIAH . A 1 e 2 50

3.4. L EE

WAL E R — M2 YR R EE, BB Tt
PP AE E A A I [35]. L EVE CE I s A
[36,371FRE RGN Iu A & W [38]) V2 N H T He i
EH R HEIES, FIENERE S8 CBFRER. &
SRR XET) R R AT WA R R, DASE
PR M A R T . BN KA —
FE, AR RE AL A B A NAN B FLD 4 = )
FIVIUEFHRE (X0 JFiG. D4k 8] ip A7 1 1 3 RAR SR i)
BRI PSRAR &, AL SE, et g JE R4
R SEREAT T % 0] R G S AR R T B o BE A AR T
EALIE RR R TR, BT G C R 0 36 el 5 97 B o 500 AT
VAL, & N B R BE AT 78 O TAC He /M. #EIE AR
farh, BER AR AR (Lo

NT AT — AR (X)), AW TR
FRIAE XS . FERPL P IRATE E O R, i iE R
PR EVP AL X o (50 B 47 IR TAC 1 B8 i 1 07 52
HTFBHLLaT M €, BRI EL brE. A&
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TR TAC K B FERR R T RWE N EEREAE (G fRTT
Lo XIUTFFTHIAE X AN TRAGAE 433 15 B N 0.8 F10.2,

4 RIPER

A # FHMATLAB R2016a %544 #1235 2.9 GHz
Intel Core 1740345, WA N8 GBI RGIRTS T 1 H &5
R, FEMBEAIMRL R R ARG T (8760 h) [KH
BdE (ES). BEEEE (F6) F10 mEERGE (K7D
FIE /N B [39]. S (a) 27 (a) FIES (b) &7 (b)
gtz T — A DL —FRET8 d (192h) W H .
PRSI B A R i Him . F ) B — A TS A B
Mk 72 WK (ad. (b). FELME G Fith () 4h o &
RHEBEAAB R B 30%.

2G5 IR TS FIE SR HACKR A E K
TACHE . K24 H T ATHRA O N R EILN T
. PRAfE2ZE DL AR IR Z e br. Rl 7102 K
MALIEAT. (ER2H, BTt AP 35 55 P AE 2 it
HUFT A 3R 5 L (PV-WT-Hith, PV-HEith FTWT- L ith )
BFES M. B, @ X PV-WT-H i, PV-H
L FTW T- Bt ZE 49 43 513K 4550 247 3596, 67 052355041
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Time (h)
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s
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o
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3.0 s L L L 1 s
1 24 48 72 96 120 144 168 192
Time (h)
(b)

E18. A/ R I A B B . (a) — 4R (b) —4 T8 d.

K2 CPMME. bRz (StdoD. FetEMERE. RZEMEREILA,

PALKAELPSP,,, = 1%, ZIE& RGEAEMALIBAT 10X ALK RIHEA

Hybrid systems Index Jaya TLBO JLBO GA
PV-WT-battery Mean (USD) 50596 51458 50247 54626
Std. (USD) 173.1658 1790.2 0 4539.9
Best (USD) 50268 50268 50247 50247
Worst (USD) 50678 55621 50247 63565
PV-battery Mean (USD) 67052 67052 67052 67052
Std. (USD) 0 0 0 0
Best (USD) 67052 67052 67052 67052
Worst (USD) 67052 67052 67052 67052
WT-battery Mean (USD) 138250 138250 138250 138250
Std. (USD) 0 0 0 0
Best (USD) 138250 138250 138250 138250
Worst (USD) 138250 138250 138250 138250
Average rank (USD) 85299.33 85586.67 85183 86642.67
Final rank 2 3 1 4

138 250 JTif~F3ME, W LS HILBO (35 E A
85 1832 6. A X H: T TAC I~ 1 &5 2% Sk 43 it 5295 1)
BNEL ., K2R, JLBOL R IR, {ELPSP,,, =
1% HIEH T, PV-WT- IR A R G i H AR a5 1)
k77 %€, TACH50 247376, 1 WT-FEBAIP V- HEith
TACE 4> 78138 25036 76 H167 052 3£ 0. K2 H I fE

I ZFEARAR I 7 B AE 10 7R M ST 3E AT v ok LI % 4
bR ZE R TT 580 i 22 Ron AL P (1) B 72 5 2H ST 3
EMHZEREE. R29, WFPV-Hilh, WT-HBAIPV-
WT- Bl (15 &, JLBOTE 10 XM S5 4T Th3R13 T AH A
A i ZE ff R T o [RIUE,  FLRRUE R 22 M0,

X R2HP A FIPV-WT-H R 48, @ idJayaff



AR B B A R A 1R AL 2R = OINT=160. NM'=9Fll
N°=1296, LLK50 2683 LHITACAHI0.9650% f{ILPSP.
I Jaya BV R I B ZE fR T A5 H I TAC 950 678
E56, AL ENN=155. N"'=10F1N°=1306, LPSP
H0.9340%. TLBOM 3248 2| 1) & {3 i S Jaya 3k 18 1
AH A 8 FHTLBO SR A B 1) i Z M LI T AL R &
N"=144, N“=13FIN"=1453, TACJ55 621375, LPSP
H0.5859%. {EVRABILBOMIMENL T, Al 2
FHIE, TACH50247%750, RAUEFENN=165, N"'=8
MIN"=1299, LPSP 40.9817%. 1#i[]GAIRTE K LT
A5 HIEA ILBO SRS F s =T BUEAH Rl . A FH GA
RG22 45 B TAC N63 56570, HousEHEN
N'=115, N"=20, N’=1682, LPSP}40.8211%.

X FPV-HAIWT-fijth R4, Frfs HikE 8 T
AH R B AR A B 22 A, DRI R AR Ml 224N 0. T PV-
H RS, BRI Z AR IS5 RAHF], TAC 67 052
K0, PV HLIBARAN HLth 1) S AR = AN = 2021
N°=1893, LPSP{H ~0.9715%. fEWT-H RGH, K
TG SR AE e FE A B ZE 4 O T I 45 SR AR AE B, TAC
N138 250376, AL E NN = S4FIN° = 3954, fF
LPSP,,. = 1%, JTf H ks W N0.8744%. AU,
H5PV-WT-Hih RGiAHLL, HTIZRGW KRR &
B, TG EEN T PV- BB AW T- Hi b 2 40 %5 A
MR PERE. EPV-WT-HIL RS d, M REALE

R3 EAFLPSP,, fH FHIRA R4 Jaya FIILBO 45 5

929

FIEE I N R34S (RN, NYFIN®), B3k fE tbE
224K, Jaya., TLBO. JLBOFMIGA S EZELPSP,, = 1%
PR RE LU R B, (EPV-WT- i &4, JLBOKIZE:
TESSME . FRdE 22 DL A A i 2 F e b T T AR S 4. {HA3
RN, FrE TR B EREAE A B A AT P
. PRI, AR B3% TAC BT 3R 151 M AR, B
HE4 NILBO. Jaya. TLBO. GA.

TR G L, RIFACE TRENRS REW
Jaya fIJLBOSLIL 45 B o iz R4t 7@ Fak Biks
WG5S A FLPSP,,, AL 1) i /NTACHH, ik AR
BN, NYRINGRGE T g R, SEEEnE 5
LP- i FIWT- il RS AHLEL, fEFTALPSP, fE T, 5t
TACIG &, PV-WT-Hith KRG AL & 5. BT i858 1
X iR T G A ) TR Ay B A 1 R, IRAJLBOTE
PV-WT-Hiith R4 AT 1 AT HI45 R . X PV HLIB AT
WTHL RS, EAFRMLPSP,,  fEH T, X T A TAC,
Jaya FITLBO U1 1) 45 SR #E = AR LA

#EJaya®iys, 7ELPSP,, =0, #1454 PVH
AR 15> WTFI1802 3 Hijth [ PV-W T- Hijth 52 45 1] 52
WLTAC }66 86370, 4LPSP,,, [IME MO K F 5%,
AH I TACAE T 58 4t il AR B ] 55 1 2 18] 1 B A T %
i #AJIEYL, ZRGHEEE, HEAE R, JFHS5H
HLPSP,, fEHI L, 4R LIAELPSP,,, = O 2 /2
MR K, HALOS A RE/ZRES ™A (1)K L& K

Jaya JLBO
Hybrid systems LPSP,... (%) -
LPSP (%) N N N TAC (USD) LPSP (%) N N N TAC(USD)
PV-WT-battery 0 0 145 15 1802 66863 0 150 14 1795 66542
03 0.2721 139 15 1620 61102 0.2962 144 14 1612 60752
1.0 0.9650 160 9 1296 50268 0.9817 165 8 1299 50247
2.0 1.8080 1725 1084 43066 1.7976 168 6 1078 43046
5.0 4.6908 170 4 849 35555 4.8372 174 3 818 34464
PV-battery 0 0 213 N/A 2601 88853 0 213 N/A 2601 88853
0.3 0.2097 210 N/A 2404 82790 0.2097 210 N/A 2404 82790
1.0 0.9715 202 N/A 1893 76052 0.9715 202 N/A 1893 76052
2.0 1.9158 193 N/A 1354 50424 1.9158 193 N/A 1354 50424
5.0 45991 187  N/A 997 39409 45991 187 N/A 997 39409
WT-battery 0 0 N/A 56 4246 147730 0 N/A 56 4246 147730
0.3 0 N/A 55 4072 142150 0 NA 55 4072 142150
1.0 0.8744 N/A 54 3954 138250 0.8744 NA 54 3954 138250
2.0 0.8744 N/A 54 3954 138250 0.8744 NA 54 3954 138250
5.0 0.8744 N/A 54 3954 138250 0.8744 NA 54 3954 138250

N/A: not applicable.
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o HLPSP,, W KES%E, JayaBikPV-WT-H b
RGN/ NTACIH IS F35555 £ 70. R3IMSPr M,
XtFJaya®iik, PV-WT-Hijh R4: L PV- syt FIWT- Fijth
ARGt T AT IR R B, H{LPSP,, HIXE
HS5%EF, XFFPV-WT-Hij, PV-H it fIWT- eith RS
TACHH 7512435 55526 70 39 40935 7011138 2502 70

RK3I®Eox, HlayaGiEkMHE, £ XPV-WT-Hith
HRES, JLBOZSLEREMS 3K45 5 al W H A7 21 i /N TAC
fEHZ5 R . fELPSP,,, = OFf, JLBOH LR f%H’JTACfEﬁ
66542 £ 0, ttJayafiik/A321350. B, @idILBO
FER B AR AN =150, NV = 14%[11\/*’ =1795.
M LPSP, fH % & N0.3%K, JLBOEIEFSIITACH
60 752370, RitkJaya®iEfRRIM/350%K 0. fEIXFP
LR, AR EARE AN =144, N =14, N° =
1612, 133|LPSP{H }90.2962%. 5PV HItFAIWT it
ZAGiAEL, #ELPSP,,. = 1%}, TAC{E N502473% 76,
HEBEAEANY =165, N"'=8HIN" =1299(1PV-WT-
HLI R GE HRES Wiy LA G (1) 1X L, SJaya
AL, JLBOS LAY 7213650, Ah, HLPSP,,,
WK 2%, JLBOZRS e fE R B NN = 168, N
= 6FIN* = 1078, TACHILPSP4> %I N43 0463 H1
1.7976%. {EIXFHEHL T, HJaya®ikAHEL, JLBOTiE
T20%50. )5, {ELPSP,,. =5%, JLBO#E|HIPV-
WT-Hith RGN TACE N34 4643550, tlayafiikiifg
MIfED 109136 0. R, REHMFHIBRERE NN =
174, N"'=3FIN" =818, LPSP{H ~N4.8372%.

W R3IFT R, FTACHH &, @ LILBOK %3k #5
FIPV-HEL b 2R 48 1) 45 B EEWTHL M R 88 0 & 3. /F
LPSP,,. = 0. 0.3%. 1%. 2%. 5%, PV-H ith & 4
ITACHE 7 1) 988 85335yt 82 7903 Ji. 76 0523%
TG 50424350M139409 6. X FTWT-Hh R4, 4
LPSP,,. = 0. 0.3%. 1%. 2%. 5%MIE0 T, £EH
TACTH 4> 59147 7303576, 142 150301138 2505
TGo N RAE /RIS T HILBO B L4 2 1) A
FERES K. WA MERIRAE . TACHSERSE
()47 B0 1] B AL Sl

Hﬂ)*‘ﬂfﬁﬂﬁﬂﬁﬂzw Aeim 2 FEEURTRES K
H B RN 7E &5 HV 2 i A2 I Re R HYa . 9 AT IR 104
MR T AFLPSP,, fEHHPV-WT- L it HRES fff F] PV
BRATW T /NI ) HL B, DA A HAL b 2H A A AE A — A i
A T HfiERE & . W9 (a) PR, | KPVIER
FELPSP,,, fH 5% 2% P24, N 4351 917451168,

LPSP,,, = 0.3%M, PV ™k DiZ, Hrh, N =
144, 7£E9 (b) F, HTN"HEL N4, WTFEER
B 1 T R AELPSP,, fH N0 F10.3% I A7 HALL IR 43 A
X T PV-WT- VR4 5%, 4LPSP,,. =5%Hf, WTH
R 3 I EA RI TR

K19 (¢ FIEI10 (¢ 4R 7 —F M —Fh
B8 dW, 1ESMANFLPSP,, A8 T Y Y A v A7 it RE
. RUAELPSP,, = 0ff, BT 7 KEH (N =
1795) TMififig T KERERE .. EXFHEH T, FH 20K
HE R K TAC N66 5423750, WIE9 (o) Fin, ME
LPSP, fE 3K, BT s, mibd 4 i
fEREEW> . Hlin, 4LPSP,, = 0.3%. 1%. 2%F15%
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mF, A BE N 1612, 1299,
Ab, 24 H R R A I B /S Fe A BRI
Ritidk g #k 3 2% (loss of load, LOL).

EITTATE 120 o T — AN L& —FFEi8 di,
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LPSP,., = OFf, PV-HIL RA M A A =R, N =
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Nomenclature

A™ area of the PV panel

CRF capital recovery factor

DoD depth of discharge of battery

flo) objective function in the Jaya algorithm

J0)pest foremost value of f{0) in the entire solution

S0 yorst worst value of f{o) in the entire solution

i number of appliances

i interest rate

1 solar radiation

I solar radiation under reference conditions

LOPS loss of power supply

LPSP loss of power supply probability

LPSP, .. maximum allowable loss of power supply
probability

max(temp) maximum generation point on the temp curve

min(temp) minimum generation point on the temp curve

n life span of the system in years

N number of batteries needed for battery bank

Nom maximum number of batteries

N number of the inverters/converters

N™ number of PV panels

NP maximum number of PV panels

N number of WTs

N maximum number of WTs

O pesti Jaya best candidate values of variable j for at
ith iteration

O, Jaya value of jth variable for the Ath candidate
during the ith iteration

O, worst Jaya worst candidate values of variable j for at
ith iteration

2 appliances power ratings

P rated PV power

P nominal power of WT
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Pinv/conv
T

POW™
POW™
r

t

temp
Tﬁmb

T

onf

T factor
Tnoct
T(ef

Trsc

Ccap

C'inv/conv

Cinv/conv
P

C’mm

o

o

Catac

Cwl

th,m
b

n
i

pv

inv/conv

l
5 gen
ézld

rated power of inverter/converter
PV panel power output

WT power

random number

time slot

temporary storage variable
ambient air temperature
temperature of PV cell

PV panels temperature coefficient
teaching factor

normal operating cell temperature

PV cell temperature at reference conditions

difference between the maximum and the min-

imum points in the temp curve
speed of the wind

cut-in wind speed

cut-out wind speed

rated wind speed

total population size

learner m in population X

learner n in population X

new population

teacher in TLBO algorithm

unit cost of battery

present worth of battery

annual capital cost

unit cost of inverter/converter
present components worth of inverter/
converter

annual maintenance cost

unit cost of PV panel

annual maintenance cost of the PV panels
total annual cost

unit cost of WT

annual maintenance cost of WTs
battery bank charging efficiency
efficiency of the inverter
efficiency of the PV panel
efficiency of the inverter/converter
self-discharging state
accumulative power generation

consumer’s load

< total produced PV power

stored amount of energy in the battery bank

store,min

battery bank minimum charge quantity

wt

¢
gstoremax battery bank maximum charge quantity
¢
¢

total produced WT power

> battery price

inv/conv

p
P inverter/converter price
X Boolean integer
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