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System Modeling for Operating Efficiency Analysis of
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# Chosun University

Abstract - The primary concern in designing any
PV system is the determination of its optimum
size. It is generally inadequate to use monthly
or daily average insolation, and estimated
number of contimious no sun days to determine
array and  battery capacities because the
dynamic behavior of PV system and the
stochastic nature of solar radiation also
significantly influence the required array and
storage capacity. Simulation method uses hourly
meterological data and howly load data to
simulate the energy flow in a PV system, and
predicts the system reliabilities under assumed
array and battery sizes.

Stand alone system for operating effieciency
analysis of Photovoltaics system were discribed
in this paper.
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Fig. 1 Basic block diagram of
stand-alone system.

As
ol 7]{} F
AR Bde) wAzE Z dAEE A

Z#ol4 & 4 Atk RAMP 109 AMSHE= i

1
o
o.2]
7



QY BYE

3t Binomial ¥ 3

R Rk
DR AN

doje el 7]z

7] & g

4%% Ad % A2 drle=g
7l 2% mds A3l

[ (Tmax+Tmin)+(Tmax_T
2

Egshe w

min)sin (wd] ()

Ta(t) =
Q7] Ta(t) : A7t 449 U7ex

T @ €59 F g7 2%

Ton P 859 4 V2=
HAa Q7)) 034 FA=T Ho cn7lw-
7} 15A)e] #AEvin sFgstd ¢ = hr-97F 2(1
of Aedct T,..9 Td Ad" wxe
dg 8F7|2 FEsy Zb Frvich Ho T .08

T min '% %] '3]—‘5&]:]—_

olgle] -V =
HYF @A ool WEE ddy ZEE F
w5 2 BE9 [-V AL Fol7d X Toecd

S Looz vhehd
I=I¢c{1—Ci[ exp(V/(CyVoc))—11 }2)

7] A
CI:(l_ Imp/ISC)EXD[ - Vmp/(CZVOC)
CZZ(Vmp/VOC_l/ Ln(l_ Imp/ISC)
I g A (Al
I, @ 28 J0 4% A% [A]
Isc ' 28 22 3= AF [A]
Vo BE AY [V]
Vmp - 5 U A8 AL [V]

Voc
UAE Lt AA 25 TeolA -V 34

Asst7] Astal e MBS Fesigch

D EE A 2 AY [V]

Inew = I+ 4 (TC_ TCO) +(L/ LO—l) ISC
Vnew=V+ﬂ(TC_’rCO) (3)
dI
o] 7] 4 a= dec 3L = const (4)
8= % 3L = const

61’9‘]' :81—'1: Z]Z] ISC E‘l Voc‘ﬂ' '?'_].'E‘L].lﬂ '\9:1-:_ 7‘”

ol ],

3]_"3_”_0]_ CP = T'Jt-ﬂ

oAb, 5117]‘9“ U F&A ojeo] 2EE H

7371 Y8t A (H)9 e wed 493 2l

& ARgsl

Te=T.+ 61+ ¢ THA—dyw V) (B
o] 7] A Te

T, @ d7] % [T]

Vw @ % [m/secl

m ! YA E SR (w/nrl

= AR Ay dolgd 9

D olge] 2% [T]

b1, ¢r 2 by
=R RS

2 4d7dAE 6,=0.0138, #:=0.031 =
$y=0.028 Agsigon Fse mdg 47
st7] slskel 1m/seclsl 442 FolAch 7 4
& (1-105 px A7 58 £HE A5 AE)
g =989 4714 ¢ ojee] Lgolth

55 2w
HeFddd A7 2ddA FEds
£ 4Y ¥k

Ztelch AoEm W7k A7) AuFe A

ﬁ}ﬁlﬂr 28 2% ol AZA o™ F
£, 3t FFAE e AT s F JAY

g olgg vehdth AlEHel R ZR a4

o2 22 A7k Zo8 7S AgEsict
A7llA TF Y ATFE Astd A AuA

¥l A" E(kwh) E=2, #F 29 H4 $£29

v K=10 % #HF 8 YA Y AJ7E,  tphin=12

2 AoetAt
ZF olgo] FEHQ FAL YA

A6 2ol etz

3ol 7]
ARSAT olF gz e dA

12 I o
o fltop
I
4z

G

D
o

%

T8 7Y

(&) Costina funation
Fig, 2 Load models.
D(t)=E/24 p Do (6)

-381-



shite) ATFAS e YT F8 2EE (DA
o2 UEhyT

D(t) = KE/(23 +K) .t ‘:tD"‘] (7
=E/(23+K), t*tpAl
A G 2dL @4 ez ekl

At
D(t) = Do+ Dpcos[ 2c(t—tp)/24] (8)
D, =Dp(K—1)/(K+1) {9
oq71A D, dYio dEFo|r}
a9 29 (a) ¥&= F34d bRk Fae §
& el AT A 7te RIEFAE ZAEEH A

&5 et
277

FA71= ofde], AR & F39 A 5F
S Aejsid, 71F WA st ol ¥ A 3F
oju} Aoz RY FHAAE BEd= Zolth
B3zt DC A8ke Avwgctn JHAsSE 4
71 Qe AelsHe A"y 352 ¢4 of#Helrt
2atg 2 wdEh dod Age H31A
o Agdch EAX7 SEFAFHY JAHEL A
gA A Lnjgnh. FotE ool ©Ho
Z232g ¢ 9 W FFES 344 o8 #
gEct AR FA3H(State of charge : ©]s}
SOC)7t H45 83 & &% 30%E Z4HYE F
A7) REE Agsich

ZA717F REde] e B¢ FIEAAT
(loss of load hours, LOLH)2.2 7] Z5 3, o]&]3t
A9E5 Rsl<d(oss of load event, LOLE)el&
39, 53 7| A4 AFES FiEdNE
(loss of load freguency, LOLF)Z 3t}

FAA 2d

UylR Zubd Aggte a1 AR ¥R &

AA Y ZEAZWSOC) Aol HEFAT (¢ +

d)olAl 9] £A-2] SOCE A gH(ZE), 7]

WA 2 48 A4ste dAe SOC 2 HE 4

A s,

S(t+dt) =S(t)(1— Dgdt) + K, ( VI,— K, I,)dt  (10)
714 S(t) @ ARkt AN FRA FAGEH

Dg : FAA A7|LAn]&

397 1%

K, : %24 %

K, : %04% - 344
VAR ES L

I, : &84 A%

ZAA 303 AL % AYFe ok 2ol
vheb et
R2 = Sbat/smax

Va = 2 +0.148R,
Van = 1.926 + 0.124R,
Ry =1(0.758 + 0.1309/(1.06 = Rp))/S e (11)
Ry =(0.19 + 0.1037/(R3—0.14)) / S rmax
q714 Vg, Vaa ¢ SR F - 8d At
Rch ’ Rdch D EAX F-dE A
S pat D &AA FAGH

S max

ELEELESEL

B 7] eANGeR A
o, du)zee] ugoel 4A Brhgd) we B
P71 $HeRE ol gHT),

a7 49 Z(nE AFE A F, LOLFE e
ASE ot B 2e #8431 YA g v

Zt) =1, 3 AA
0, ¥ 944 (12)
qzla Alg" AFEE dquA dAfed Ve

Nz=g ol g EB7HsAE uvEhin Axg A
e ThE ¥ THHEA F=th F, 22 A

xge] a4t $EW 7S FABHL AR

hitl}
o
-
o

Hit)

Fig. 3 Loss of load event Z (t) and loss of load
hours H(t).

AEH oA 221 gEL R} ofdo] TR
(PVS) 2@ 2HA LBTYSE Egdtl EHL
FolA Ao 7|4 ZA4MY AFH dolE e 4
g% Aolrk LOLF & AlE#oldez Fo4
o)A @R Alxdle] S o] Hstd A&
AUtk 712H= dEE g AEHeld 22
o) 24 dolgee]2E 19 44 YeERAUT

-382-



Loud Proille - .
Simulation
Array Size ILOLH
Program
Battery Slze
Output
Imput
Module
Cusrent
Metecralogical
Support Datn Bage Conditions

Fig. 4 Support data base of program. 47}%] 2]

oj#o] 7 ala %—E 9] &AX G A 3}
(@)e] AlE#Hol A &8¢ 19 5o Vel o
3 4= LOLH- BTYS AE/M LOLH - PVS -
BTYSe #AE Jebd Aeolth AL FYd
LOLH g< ustdies PVSS BTYSY Z#&e =
Hil= T4 P2 PVS & BTYS 7te] o4
g Jehdg,

PVSS BTYS @] =32 219 b 59% 47

Z ey 28& PVS-BTYS X444 LOL
H F4¢ e 23 6& PVS-BTYS &% 4

of 671¢] LOLH gkl 83+ LOLH o A3E

Ho g 475 A HEH vy TH4L 5

&9 e 98 THo,
B .

f(x) =exp( i2=10au’/1)(') (12)

341’-}”]151 ap,d,,42 - - - ag = I/XI"}‘ Log(Y)

Fael g% delHze Wi vy 49

719l 23t AMET. Iso-LOLH F42 g4
E 71&717t 4 A4 F8 dAel2z ZE

Wold TAEEE RES H= Ro] FoHT 4

(12)= 718doz AEdHod &8 ZAIHYA
Y= Iso-LOLH 49 £44<Q g<+g Lierd
=2
\ m HOPW
oo e $SUPW
g oo . \ A TOPW
- w 90PW
% 'mu: \\ \\.\. - 1590PW
N
g A e T
004 e W
e I ~~""-.._.. ..
T LH‘L‘-‘:::'E — e

] (Tha\mm'b) BATTERY SIZE (WH) |

Fig. 5 LOLH vs batterys of four array sizes for
profile (a).

= -
:
E 3 -
o T v e P "R S =%
Fig. 6 Iso-LOLH curves and optimum points at
four.

o714 gi= Iso-LOLH & EH3= ol
+38}%¢] &2 Lagrange muiltiplier ¥ o= b
L=Py(PVS)+ P, (BTYS)+ m (g—Ry) (13

o714 mpe Lagrange multiplier ¢t} 2](13)

Z PVS, BTYS % mpol gl nlEstae 234
d AT o= ¥4
Py+my[ kg/k(PVS)] = 0 (14)
Py+mo[ kg/k(BTYS)] = (15)
g=Ry (16)
A4 15)E 2¢e & F ok
[ ABTYS) d(PVS)] =Pyl P, (1n

2178 FHWL PVSe BTYSZHE] oA o8]
(marginal rate of substitution, MRS)e|t} o] A&
Iso-LOLH Z4d-¢& o2} BTYSt 718 o] PVS
7v ZAEHE 9&S dvEpdth H0NE dAld9F
H7} 713AY¥] Py/Ppst 54 AHANA NFH=

Roell digh & w)go] 24E-g ng,

NgHold A% % nF
TA HAAN B3} o] 93

Balold 19 29 (@F AYHF UmA] F Ao ¥
3 oj=HE(ad 29 (b)) 2 (e HH9 AAHE
27] 98k g o)A Sk 71X FatelH (b)
9t ()8 4 A A¥)E FEeld (a)g Z
a2 7& A AY o)"Fd ude LOLH=04A
TAXAA AT (Iso-LOLH =4)& vH|msdha] Hdf
Ft}, o7& 4= BTYSSE PVS7E 81 dA}
01%13 A H = 28 o)) v Fg&E e
At o Ego] 124 HF A ZARRD FEtolE
(No.o)& ®jgad ojgst & g}, ulela
LOLHO ,}3.‘—] = a7HE AFEE 92 9
#lo] T A7Ne] A elgF iAo},

Bl
b

FUE

-383-



LOLH -0
o
+ i w PF, NOa
= PF. NO.Z
ﬂ & - & PF.NOE
E- i = ]
=
o B -
—
g - T
e
A.,._‘“_W--_.o__. - o
M ——— )
= A o
= T T
o6 o a's ) 1o

(Thousards)
Py Sire (Pesk WWar]

Fig. 7 Comparision of Iso-LOLH curves LOLH
for three load profiles,

AFAE (Tp) B #7 dFd 9382 73
o er AF w27 oo AW a7HE

PVS¢ BTYSE Br #HojAvh o
HFd 2d Az diste AFAZL (Tp)Y
LOLH ¥5¢& uvehdd. e H3tol g
No.c)@ dA3se & File o8 Nobst 9
. T 2% Tp=12:002 #%
LOLH=0%1 =3-& HE2A7=E A =T

a0 o Prafile no. b, BTYS*3052 wh
=] & Prodie no o BTYET43 wh /\:
]

FZAFS

Az

LILHOVEROMNEYEAR
i 8 8
7
D'\

T — T T T
4 - [=] 10 12 14 w R4 =0 2 Z24
PE A LOAD TIME (DGLOCK])

Fig, 8 Varation of LOLH for load profile
No. M) and No. (¢).
Tp7b 120028 HE 2ojALE LOLHY} &7}

R =R o]gcj Hsl7t of
T+ ©5 HY

<
o
I
ke
)
_g1

2atEd AEJOLRS 242 23
Iso-LOLH ZA42 TE PVS-BTYS Xgeo] &
de o LOLH < okr|g€x=x si9 LOLF

Z FoA 717+Eete LOLES & 43 t=
th & PVS & A2 BTYSE Ad @ed 2
Aagdo A FAXE 52 F o934 ¥es 7R

A slel WF LOLEZIZte] @oldu oz
LOLEZ} W48 @4gt = & BTYSe Fe
PVSE wWe #.ud uwgg z#Hae LOLE/
71 F70% 2evh @@d LOLHS oW ghelA

% 7 2 e a4 de puss
BTYSI #Z+= *]"“”‘—— "*?_- LOLFE #ZErh &
2 Wle) A9 e LOLFE ;1——&1:}. 574 ¢
LOLIT gkell 2leld PVS‘)ﬂ sk LOLFe #A4E
s 9o tlehiidch. F1RA LOLH g #RA
7171 & PVSe] vl AN SHA] &F& 27 6
o2 FE & 4 qloh

Ecgzu "‘AA ooooo¢°°°°°°a

i ave- -‘°‘_..‘44—444"***-

E wa ] . ow oo oomn 1

g‘u":‘\::o“ e m e ® = "

o % o ae :!E'::‘-:;::: h\.’\ & b 1= v

Fig. 9 Varations of LOLF with array sizes at
five LOLH values.

80C of baitery |
»
e
e g

(a) A Shallow cycle system

=1 A
Ml

S0C of battery %]
33
5

100
90
20
Jo
S0
50
40
20
20
10

80C of battery %]

{¢) Mediate cose between (a) and (b)

Fig. 10 Variation of battery SOC over
one year.

-384-



AHA 2 gl o] g A AEaH= LOLIH 2k

= LOLFY #rx}l gizksie 2 LOLFY: $a.3 4

T Agolty, zef A7l oA #Hv])

35 Bk A Azg]l FWX F34-8 LOLF9

01‘" fdtl

@4@
o} o)AE Aol F
o] Phojt} 2R wIe] A ‘?—
2% 102 LOLH=0 =3¢ wHA7|= 379 7
7] & AAd oA 1dzk
S BoFEd Algd Faelde 19 29 (a)o]th
:Lfa 10(a)e & BTYS Al2=9 (PVS=560 PW
BTYS=48198 Wh)& ettt 2t Abel@& &%
A ke & 5%E AMEEAT. 19 10(b)
(PVS=1000 PW, BTYS=3526Wh)= ®f it &
AA o) oF 36%FE AT A e,
Z7ve) A S (PVS=680 PWBTYS=4563 Wh)E =
g 10(c)EA o] ¥elty 1= &2 o 26%F
A8},
FolR A9 oe HAME FHXL
Adol Fasie), e Ar|tdbEE S
Ae AN T dIRE XHM?] Akl 7
FHH =2 2U4ALL AW FIAXNE o2 ¥
=

gHole Bk,
<
Ar

r1o o
Ay
e
X,
-
@)
@
rt
ofl

3
==
5

AA §%o]
SOC7t o ¥ l(v:] Al Zk
AEA Aotk 28 0% 197 1ﬂ n@L
60% oldtele BAFW 8 19 10(0E 1@
529 15T 70% FHAS B E

AxRe sA¢e s FANQH q
Ao Wygddd Auzes 3o sUALE
gulsly] fetel EgEATE aFHE 237
g2e odele) FAR RANE Fad & o
= A& veEdiz stk

Fg o=
=
=

[
X
gLt

._En 01}|r

A

>\l

71¢] W3t
of oo tigste Al
71 S#lA BEd 2R RE
o2 4 % -’1“—@1-"3?1 E@.E‘Joi P < Rinz
NEHol A o A2d e =

l)'

7} &l

ghom et EFHIE
AR F4As obgel A

o8k FAske AN A, Az ¢ AF
gare] A3l o D (YA Fo) WY
Ao AREITH

A=
F& 4% 71Ed

Z o

~
ol

L

[11 Flasnie, et al, ”Solar Photovoltaic Hand
Book”, FEnergy Technolg Division Asian
Institute of Technoology, 1988.

[2] B.K Doe, et al, " Hand book for Battery
Energy Storage Photovoltaic Power System”,
SAN-2192-TI, 3, 1979,

[3] E.E.Landsam, et al, " Maximum Power
Trackers for Photovoltaic Arrays”, MIT/
LINCOQOIN Lahoratory, COO - 4094 -17, 1980.

[4] D.A Tox, et al,
Technique for Photovoltaic Arrays”,
PESC Record, PP. 425-428, 1982.

"Peak Power Tracking
IEEE,

[5) A.Charctle, et al, “Varable Frequency and
Variable Phase Shift Control of Dual Series
Resonant Converter for Utility Interface”,
IECON, PP.563 - 568, 1988.

B AFE #FuA sledTi dHdvA
JlEE Are) e, 8 gt 4R,




