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ABSTRACT Several studies have been performed to show how well the horizontal global solar radiation in Korea can be predicted
using the Zhang-Huang model proposed in 2002 for China. A previous study proposed a new correlation with a new term of the
duration of sunshine proven to be closely related to the hourly solar radiation in Korea into Zhang-Huang model. Therefore, this study
performed a validation and accuracy estimation for the model for all regions in 2012. Another modified correlation for the regions
without measuring the cloud cover was proposed and the accuracy and validity were evaluated. Finally, this study proposed a new
correlation that could well predict the hourly and daily total solar radiation for all regions, seasons, and weather conditions, including
overcast and clear, with higher accuracy and lower error than other models previously proposed in Korea.

Key words Hourly horizontal global radiation(A] 7+ 4=%8 ™ 2 & A}&F), ZHM(Zhang and Huang model, Z&H ¥ &), Estimation of
solar radiation(Q A} ] Z), Dry-bulb temperature(7]1 -2 %), Relative humidity(4} < %), Cloud cover(2),
Duration of sunshine( ¥ Z A] 7}), Wind velocity(F4;)
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Fig. 1. Solar radiation in clear May. 12, 2012 with time using
KKP model
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Fig. 2. Solar radiation in overcast
using KKP model

Aug. 2, 2012 with time

Table 1, Total daily solar radiation accuracy estimated using
KKP model [%]

Day/Region | Seoul |Daejeon | Daegu Busan Avg.
Jan 3 79.1 75.3 98.9 81.4 84,43
Jan, 14 81.2 93.0 97.5 93.0 90.57
May.12 95.5 98.1 89.0 99.3 94,20
May, 13 87.0 80.9 95.0 94,3 87.63
Aug.2 61.8 97.6 98.5 93.2 85,97
Aug.5 77.9 89.2 93.5 98.1 86.87

26 AxHHolA|

Fig. 3. Solar radiation comparison for 2012 yr. using KKP
2
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Fig. 4. Solar radiation peak comparison for 2012 yr. using
KKP model (RP=81.4%)



A =57 <100 (3)

meas

I :
A = cal,peak % 100 (4)

peak
meas,pe; (L]v'

A71A, L= AAE FHHAUAEW/m?), Lnews = 2
Xé ‘)l\‘ﬁg Lﬁ?:_]/\]'ak(w/m ) = L]‘E} o.

A1 (2)9] AGEL 7&H BEO] A 4] (1) 7134
©8 3jo], mEle] WhesE 1] 4 A5l dobkE
d=0, k=12 3}1L YRAIHE F7lsto] U UGS
A8k Q= 1571 A7t 20124 FollA] i 69S A

ko] 7Rl S Qe 71 B AR
YRS o]-gste] fofxl Aotk 2012 T 6U°]
obd 1274 Aol Thste] 4] (2)9] ASEE H7tste] of
e} o] T At

B, =0.3248, 3, = 0.128, 3, =—0.210, (5)

B, =—0.00581, 3, =—
B, =0.388

0.131, g5 =0.00736,

H—oé _]Xﬂﬂ‘ 157]'] X](E]'Q/] é.;g]% 1(3_:!]- %‘?“%
Eﬂﬁ%]/\]"%k 22371391 2] (2)9}F Al A (5)E o]83sto A
b S nm@ate] Fig, 59 Le}

2408 vl
o] 20121 19ell4 129714 19 % 4

o £
g2
2
NEH
at
SIS
=
4 18

10000

N—E' 8000 | { s
~ o
-é EL:] o
= 5
]
c 6000 | oo
8 o
3 ] 8
= o © ®o
i 5
-_— o L)
S 4000 | g &h
- a & o o
o =] [=J: ]
5 20 0 5
3 g’
®
& 2000 |

0

0 2000 4000 6000 8000 10000

Measured solar irradiance [Wh/m?]

Fig. 5. Solar radiation comparison for 2012 yr. using KKP
model with Eq. (5) constants (R°=90,9%)

ZLHSl AlZhol| S ~THHUARZE Skl H|eh 2 Fatd "WIKI)

T A E(Awora, 4] (3) ) Z F7HE KKPA 9] of|= H
BHe= Wt 9F 109.7%0]91.2H, 5490712] dlojejof tia}
o 9F 75.1%2] Hlo|E 5] £20% == oWl A= 7t
oot g3 AL AE O R °F 1% HE =295 7%
ol Aoz gk

L 4] (9] 4] et

]:‘[(JSin(h){50+ﬂl(Tdbvl Tdb.n—3)+} (6)
52RH+53 w +ﬂ4 tds

B, = 0.44645, 3, =— 0.0147, 3, =—
35 =0.00362, 3, = 0.391

0.327,

2012 12749 HR|O) HloE| S THg3te] Lo WS
RIS 4] ()] THste] 4] (2)0] A w2 W 5
3 B9 AH 4 (6)9] A5 T,

4] (6)3+ o] 445 KKP mdlo] ket 20120]
i3 620193, 19149, 596, 5913, 892, 8¢
5ol thste] 4] (2)9] 19 % SHRAANY AX &7
03 AX &= Hasgct 12709 AA Hae 4 %
RS AlRAel Aa] olrh Ao 2 Eajuy]

1
O 542 mefstol Y 69 chshAlt el vlnE 4

Olt

Fig, Bollel 2ol 19  SHRAAI et 25
2k ARRE) Aol 4] (2)9] 4] (3)9) H8HE7}100.2%
Q1) lsled A (6)9) HBHEL 100,9%, 4] (4)e] OJ% 7]
2 AR &9] A9l 217} A (2793, 47908 wlste] 4]
(62 94.1%2 olzict. olefet Antmee Lok Wt

2016, 12 Vol.12, No.4 27



10000

& 8000 D o
\E. =]
£
2 e ° og
= s o
o o
o o ]
6000 o
K o
b e
© o
=
5 s e
© 4000
@?
o

3 o4
kc
S 2 £, o
2
® 2000
© -]

0

0.0 2000.0 4000.0 6000.0 8000.0 10000.0

Measured solar irradiance [Wh/m?]

(a) Results using KKP model

10000

T 8000 /8 o
E o
< o
3 o =)
: 8/ q °
§ 6000 °L o
T ®
g o
= o
)
S 4000 ;
5 oS e
@
® o
E (=) o
z
® 2000
© 8
0

0.0 2000.0 4000.0 6000.0 8000.0 10000.0

Measured solar irradiance [Wh/m?]

(b) Results using modified KKP model

Fig. 6. Solar radiation comparison for 6 days of 2012 yr.
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