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Abstract

It is a very important and fundamental process to know accurately the intensity of the solar
energy coming into the installed module considering the tilted angle. Europe and the US
commonly use a program called PVsyst to convert the global horizontal irradiation to global
irradiation on tilted plane. There are two types of models that PVsyst uses to convert to
irradiation on tilted plane. In this paper, Perez model, which is a decomposition model and Perez
model, which is a transposition model used in PVsyst, are applied based on global horizontal
irradiation and global irradiation on tilted plane measured in a specific area. The comparison of
the decomposition model shows the effect of the transpostion model on global irradiation on
tilted plane conversion by comparing the ratio of the horizontal diffuse irradiation amount of the
Watanabe model which are highly trusted in Asia and the Perez model. The comparison of
transposition model confirm the error between the measured data and the calculated value which
is applied Perez model to global horizontal irradiation decomposed by Perez model and
Watanabe model. Based on the two comparisons, This paper propose a method to confirm the
reliability of transposition model and reduce the error when PVsyst is used in Korea.

Keywords: 2]4H22](Decomposition), FAMH U= HA2H( Transposition), TEH UX&
(Global horizontal irradiation), 74 At ¥ == (Global Irradiation tilted plane)
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Model: LP PYRA (2
Measuring range: 0-2000W,/m?®
Pyranometer specification Spectral range: 305-2800nm W/m?
Response time: < 28sec
ISO 9060 Specification

Latitude: 37.34° N
Pyranometer location Longitude: 126,74 E

Altitude! 43m

Fig. 2 Pyranometer used in the measured data

2. ZAK U2 MES 9135 71| 2| Of2H s
T A AN dxFom ] QIsf 71 HlolH W AR o] disf ol 24 o= 5

Aottt AP dxwre AHEs] flsiMe A B dAlR A= B Az B =

o] F= A4k @ (Decomposition model)2 Z-8-5fjoF gt

A%, A7 g 21 53 Table 1] vefic). 2 maufc} o7} o]

st.oH, A B 65-E|+= Perez model2 AFERITE. 71 ©]-R+= Perez model> 157} A|Hof| A AIZHE LX
o|B & 7|Hro & k=0 F] O™ Erbs correlation model Bt} -8 Atgt A x5k S5k wWio] w7l Hpo]
ufa} o] FASkE]o] 917 u oot whaba] B =58 Table 12] 24HE 2] e Fof PVsyst 2 Wof A 245
= Perez model”7} B GO = ofAlob A oA thE RElEo] Hls| HlwH &L AEOE TR=

Watanabe model-& a14J5111 A% £ W Az F o] 2gato] Z4kRelE Pestgict.
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Table 1 Decomposition models

Models Year Experimental site Parameters
Orgill and Hollands 1977 Canada k,
Erbs 1982 USA k,
Watanabe 1983 Japan k,B,Kpg
Reindl 1990 USA & Europe k.3
Perez 1992 USA & Europe kg, X (K .0, W AK )

= oA A AR Bl 73 SR A Qx4

=
2RS ZA T ol z2Fo g HiaLe R0 285k WASo wlet thokstet, Table 2014 47112] A}
& 2dll Fofl PVsystollq 2-g5= 2h2 M 5 odofe 518 d(sotropic) & F- 51+l Hay/ Davies
model& AH85199 HI'5+ g (anisotropic) RESH T ANH Ak Ax7fo] A=o] AetsA] oottt shAqt
QA v 65 el B 5 Q) Perez model& ARG R, RES HE5h= 2] o] uet meuict g
7} 2po)7F U] whizol] 12 =0l A= Perez model= 2-8510] HERt HANH Xt A5 x2S v o}

o] 225 AFeleith

N

Table 2 Transposition models

Models Parameters
Isotropic a, Iy
Sandia o, Ipy, I, 8
Hay/Davies o, Ing 1, B, SunAzimuth, I,
Perez a, Ipgs 1,5 L, B, 0., SunAzimuth, 1, m,,,
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(1) Watanabe model

Watanabe model-& 45 ¥ A 8 H Azt AS5H P At Axds aig o= M35 a4
ofct. 2] 4 AxF} 9)7] dxFo) Hhle] PAE Sl B/d == B A (Clearness index) & HT=
ARg5HH, Y 7] Al4=(Clearness index of the atmosphere) o] wHe} 5152 AFeE ©2d-3(Overcast day)?2
7} %375 (Clear sky day)3 .= U1l 7 7FA] 5 g el thsl] D2l At AA e i oF 2k 40

Az dol A|(7)0] Zm Ag et Al9)0] 5w Aot Ak Tkt

WA = L m
K oy (BB AN =L A5) =0.4268+0.1934 - sing @)
ey = K, e @ ™ (FHE) 3
Kpg =k, — (1.107+0.03569sin3+ 1.681sin’3) - (1—k,)? @y
ky < K ooy B T (FEF) ©)
Kpg=(3.996—3.862sin+ 1.54sin’8) « 7k} ©)

Kpo= At d e

LsinB -+ Kpg(1—k,)
]BH: ﬁ DS t (7)
1 - kDS

o ]()Sil'lﬂ : (kt_KDS)
pH 1_KDS

®

(2) Perez model
Perez model-& -85t 2 HEE o17] flsliA+= 4 DISC &ara]Eol2k= 19879 8Eofl Maxwello]

[e)
97s: A 7o R B U K3t
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g0 & hSolx] A Tt A7) wt sk AZAE FHS AF8lo] BE mule A Wik A
wet 23 ATRE 5t B Aol whet A4 a, b, 0] 2R ek, W4l Th] Wa Airmass) gl 24

212 A85to] AT H3FE(A reduction of the clearness index)2 Lottt & WA= tfj7] A=K Airmass)-2
e A-goto] et 4= Q= Axd-gol A9l | A=A maximum for the clearness index for cloudless
sky) & Folal e Hekarte] AHE 9)7] dxol ol HAH 29 Y2 (Direct normal irradiance)<
Tt
Iﬂ'
Kn,
(Kn,— AKn)* T, | +— Akn  — a,b,c (Coefficients obtained by comparing and analyzing the
actual data for three years in six regions)
Direct normal irradiation
Fig. 3 The process of applying the DISC Algorithm
b CIBAR) = ©
t\"Oo oI, ](—) . sin 6
1
) 71 A 2F) =
Mo (718 ) = — 0.50572 (10)
sing+

(B+6.07995)" 6364

Kn, (AW HEAF)=0.866—0.122(m,;. )+ 0.0121 (m,;,. )* — 0.000653 (m,;.)* + 0.000014 (m,,;, )* (11)

if k, <0.6

a=0.512— 1.56%k, + 2.286%k? — 2.222% k> (12)
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b=0.37+0.962%k, (13)
c=—0.28+0.932%k, — 2.048% k? (14)
or k, > 0.6

a=—5.746 4+ 21.77%k, — 27.49%k? + 11.56%k’ (15)
b=41.4—118.5%k, + 66.05*k? + 31.9%k’ (16)
c=—47.014 184.2%k, — 222%k + 73.81%k} a7

Al @A k, Zholl et Rt a, b, c(RI(FH (9)E A(10)°]l tidste] A xng Tt

AKn=a+b*explc*(m,, )] (18
Kn= Kn,— AKn (19
I, (Direct normal irradiance)=1* Kn (20)

A sfiAdet DISC gale|Ee = et
Fig. 404 & = Ql5zo] '] o] HA =
ole} Slal 1 o]@]o] Zt oA BioFzof Eoles A YR g2 oW Ag dxfoletal gt
Perez model DISC €1128]&& HFEFO 2 6X6Xx5%7 FE Al e==2l X (K,,0

=
Az AEAAN +BH A YxFS dck

Iy ¥ ST

}/ An'ay / ° : Horzontal direct beam irradiance

== ! Direct normal irradiance

Fig. 4 The difference between direct normal irradiance and horizontal direct beam irradiance
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X(K,0.. WAK,) 1A K= 78K oA Lhehdl ehok st 2to] ket gho] wH: &, oA o
7] ego] 7|5Fa4 A 0 2 v v w2 ATHALS ek sl soled 1, gl o WEshA| i) A
oS e,

K, = — 21

EfoF 7201 9 7} x §E Alg of] 23t o]+=DISC ¢€are]|E&0 2 415 HAH 2d A XTRS efoF

o] wheh 437 Jxfo = vhajofslE A7k elok :zte] TAII glo] Besich
= P35It 7] S0l Zgslo] gl BE Bo] o2 Uehiled] o] vl 47} Mg olgz Atet

T Wit 202 50]0 =t k] HIFITAIE & 4= Q7] tizo(th S AR Hlo] 27 wfFof Uehal
7] Fofl ZgE|o] Y= 55719 oFo] S7HE5 Algto] o 37| Aoy wjgo]] 202 So]e=4lo
o] Zol=rt

WOVAS ) = exp(0.07 « Td—0.075) (22)

o714, Td= BHO| o]&H 25 YeRlH M= Holl oJsiA] £ &= Qi

Td= ———"— (23)

EQH I e 97|29 AH 0 2R H 2~5m Hol FoflA S A St R ol st

24312+ T,

17.62 T, )

R, +e 24)

mRR]et i) BT AR, = QPAI(Stability index) o]t} £ Eoll AF Z710] P Ao gho] 2oz
A =QPESH ghol ARt S ol Al S Aot AT A7) vl X d ol 1

AREZVA 0 2 SRt o] Ale] QYRS Ax, 2 Edste] B A4t
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QA Z709] gt o] W 471K1S B8 6 X635 X T FHOIA B ghS Zobfol WA AT el

]BH = [n, ° X(k,tﬂaw WAk,f)

A, I, =Ipy+Ipy ol W AR AR

2.2 ZAH Az et oA

—

(1) Perez model

(26)

PA slete] S8 1] 37b 3 2-E o}

=
oF Q1 o) o] AR WA} Q25

1

AN A Q2L AT T Lol el BAZE 71T ke Bflel Aok Zhe) 2

@7

AP RIA} Q2 2 S dxeagol] AH WhARS(Albedo) 7 HoFL AR ool e FA] 7 wkAt

o
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ZAAPH AFRE A x5k Fol7] $15) AF8-El= Perez model-2 Anisotropic model &7 % shto|t), whaba] Bl
o] = ol x5 Soleths 205 I o= TR’ 37k 945 dololsitt 3717] 8452
Perez model ] ol 242t Al 2 ARGEA] = e=d] o|nf] -85 = oboll thet ¥a= ShA 73| 8
At AzxERe ARSSH]

2 WA Q@ AE Tsotropic model2 2851t S RElS 28510 2 A AR = dl.e i uigho| A o5

P Eol2tkE 71 sl 7100l S0le= B H FH = Aletele 2o AlE Alelet ghe 9 At

Bzl FollFal BjAR] ARzt Bl -5 Hollao] Isotropic models 218t AN At A=
& ik
Q41 Iy, [(1— F)*0.5(1+ cosa)] (29-1)

T A @ 4= Q7|04 5ol 2= B Y F9)(Circumsolar zone) 2 A= Wl o] A Ho|t}, efjofe] 1%
of| et " of] S01 2= Atek B19] A|7]i= Defr| B2 Perez7t AAGH BUSF212 BlS= O] Al(F)
£ T AR dxsfol w1t ® BiA] ARl BlEskal B 2782kl viElESt= Alg-E Sl
5 57 A AR dx RS Rl

QA2 I, F* % (29-2)

o714 @ = max(0,cos(,)), b= max (0.087,cos (6. ))

Al A 4= ™ m(Horizon ribbon) of|A] AtgtE]= o] /2ot ui7FA| = Perez7} AARF ~HH
wof| A tttE= 9] Al(£,) S 8 Atet Aol Follal BaR] Ao A1 gk HiE Az
wollrd 7 o Utk

84 3. I, ;* Fy*sina (29-3)

9] 4} (29-1, 29-2, 29-3)= BT TlsfiFo] 4|(30)3 2ol AN Al dxwFe 7ottt

24 Iy * Fy¥sina (30)

Ipe= Ipy[(1— F)*¥0.5(1+ cosa)] + Ip* Fi* )

2} A Sl o 5412 cheat gk

Journal of the Korean Solar Energy Society Vol. 38, No. 3, 2018 11



el ] =2l

F, = Fy, + Fi,* A+ F;*60_(circumsolar brightening coefficient) (3D
Fy = Fy, + Fy* A+ Fy;*6_ (horizon band brightening coefficient) (32)
A = I y*m,;./ I, (Sky brightness parameter) (33)

Table 3 Variables required for the Perez model's light coefficient equation

€ Fy Fy Fig Fy Fy Fy

1 -0.008 0.588 -0.062 -0.060 0.072 -0.022
2 0.130 0.683 -0.151 -0.019 0.066 -0.029
3 0.330 0.487 -0.221 0.055 -0.064 -0.026
4 0.568 0.187 -0.295 0.109 -0.154 -0.014
5 0.873 -0.392 -0.362 0.226 -0.462 0.001
6 1.132 -1.237 -0.412 0.288 -0.823 0.056
7 1.060 -1.600 -0.359 0.264 -1.127 0.131
8 0.678 -0.327 -0.250 0.156 -1.377 0.251

e=Upy+ Iny)/Iny+ k*0%/ (1 + k*6°) (Sky clearness parameter) (34)

(k=1.041 &= gk= 7Hdeh

427, 28, 30)0llA 7t AT 2F A2 At A2, WAL dxwe B Tsio] 2(35)9h ol 73

Ab Qzere

Io= Ipc+ Ipct+ Ipe (35)
2.3 PVsyst 2 ]zH
PVsyst! i el 2 40 0] AT 2 o}0120 4 Qliz WIS o3 Wi A7e] o) 4E ofet

et A9 dlolE)l g H A= tiUsHE PVsyst Wolli] R 445 2-85to] HlojejutdS AAshe

WAOE HAE QRS 55to] A28 £UST B, Qe 37 §o] T ASTS s A

| =

=
Araste] gtk AN Qzpe] At gES FYBHATE PVsyste AAH 02 2t Be] R gAY
_% Q A

A7 IE dalElEe A8olRe A dxF ke ARME R 9

12
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SHA| Qg wHbA A5t Bl Sl s Sl Eart ot

Geographical Coordinates  Monthly meteo | |nteractive Map ]
Site Siheung [South Korea)
Data source CIE measurements averages 01/001/17 to 3112417
Glohal Irrad. Temper.
K'wh/mE.mth C
January ER.0 [iRi]
February 75.5 E.1 Required Data
March 138.3 79 i
April 199.7 130 o
May 196.1 16.2
June 184.1 2.0 Ewtra data
Jully 116.5 26.8 [ ‘Horizontal diffuse iradiatiors
August 1181 264 [ Wind velocity
Ll _1 368 142 Iradiation units
October 108.0 156 " kKwh/me.day
November 71.6 8.2 i+ kKwWhm.mth
December 701 54 " Mdsme.day
Year 1436.8 14.3 ® iy
™ Wit
ﬂ J Q " Cleamess Index Kt
[ Hew Site Print jI_L Close

Fig. 5 Monthly global horizontal irradiation insertion process in PVsyst
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@ Excel?} Matlab2- o850 A= S H AXFRS HAPH dxgFo 2 Halshtt DISC €173]E-2 Excel
2 AXKSERITE Perez model @] 8 Al4= =91 X (K',,60., W, Ak, )& Z-8517] Slalid B35

2 sfpAdsiof et whabA 4=4] T2 18] Matlab-2 AFgole] Q0 2 A BalE A|disteict, 12| 2
T ARREO 2 Bl =3H AXEES Excel 2 2212} 2] of] i lsto] ZAAPH dxgfo 2 HIloict,

@ PVsyst& Algoto] iR HAPH Axek MokS it Asict 94, Fig, 52F Zo| Databased]] A
A~ Padye)

T T

QUEE AR Ao 77 19 0=
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Fig. 6 Monthly distribution graphs of hourly direct irradiance and diffuse irradiance
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Fig. 6 Monthly distribution graphs of hourly direct irradiance and diffuse irradiance (Continued)
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Fig. 7 Monthly diffuse irradiation ratio by Perez model & Watanabe model
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Table 4 Abbreviation for explanation

Abbreviation
Decomposition model Transposition model Measured data
Watanabe : W Perez : P Measured global horizontal irradiation : GHI
Perez : P' PVsyst simulation : Sim Measured global irradiation on tilted plane : GPI
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Table 5 The error of total irradiation on tilted plane obtained by applying the model

Unit: kWh/m’ P+P W+P Sim GPI
Total irradiation on tilted plane 1521.20 1566.93 1552.90 1563.66
Total error (GPI - model) 42.46 -3.28 10.76 0
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Appendix A

2] e 5 Watanabe model @] A12/3-S 8115171 91sf] thdx] S fb=ol v 2]7 & Aol e A
= B Az AS HAE AE Y2 £71=2 Watanabe model= 218510 24T
H WA 1 2] Hofl A AR ER1S] St 712 AmE fa < 817 Whzell Perez model 2 24T E2= Al

Qo] 2. 223 APEe] whE Rdle] ARdS mefshy] fisf 89t 128 AtmE ARSIt

Table 6 Comparison of measured irradiation in Kier and irradiation generated by Watanabe model

st Tl Measured irradiation from Korea institute of energy research in Dae-jeon Watanabe model
Global horizontal irradiation Direct beam Diffuse beam Direct beam  Diffuse beam
August 109.25 32.54 76.72 43.06 66.19
December 67.49 30.78 36.70 44.15 23.34
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