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Abstract

The angle of solar panels is calculated using solar radiation model for the efficient solar power generation. In
ideal state, the time of maximum solar radiation is represented from 12:08 to 12:40 during a year at Gangneung
and its average time is 12:23. The maximum solar radiation is 1012 W/m® and 708 W/m? in clear sky and cloudy
sky, respectively. Solar radiation is more sensitive to North-South (N-S) slope angle than East-West (E-W)
azimuth angle. Daily solar radiation on optimum angle of solar panel is higher than that on horizontal surface
except for 90 days during summer.

In order to apply to the real atmosphere, the TMY ( typical meteorological Year) data which obtained from the
22 solar sites operated by KMA(Korea Meteorological Administration) during 11 years(2000 to 2010) is used as
the input data of solar radiation model. The distribution of calculated solar radiation is similar to the observation,
except in Andong, where it is overestimated, and in Mokpo and Heuksando, where it is underestimated. Statistical
analysis is performed on calculated and observed monthly solar radiation on horizontal surface, and the calculation
is overestimated from the observation. Correlation is 0.95 and RMSE (Root Mean Square Error) is 10.81 M]J.

The result shows that optimum N-S slope angles of solar panel are about 2° lower than station latitude, but
E-W slope angles are lower than + 1°. There are three types of solar panels: horizontal, fixed with optimum slope
angle, and panels with tracker system. The energy efficiencies are on average 20% higher on fixed solar panel
and 60% higher on tracker solar panel than compared to the horizontal solar panel, respectively.

Keywords : # 24 ZAF(Optimum angle), Bl 7 2] #(Solar panel), Bl %¥5-AR2 2 (Solar radiation model),
TMY (Typical Meteorological Year), 1F4 YAl (Accumulated solar radiation)
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Table 1. TMY for solar radiation data.

Month Jan. Feb. Mar. Apr. May Jun.
T™MY 2007 2003 2002 2004 2000 2006
Month Jul. Aug.  Sep. Oct.  Nov. Dec.
T™MY 2010 2001 2002 2005 2008 2008

g3tk o] Aol A= olqrHl 5(2011)¢] H
FEALAE 23S fl8 AREE 2000 F-H

= 2w F 227 dARS
A3} 71 7Vke AR e Apmeh AR
2o ARE AdYgHom ARGt 7]
PYARES 914(AQUA, TERA, AURA,
SRTM)#F= ¢} 717374 o] dAta=aso] #57)
Folv ARgE GWNU 2o 9leixs % 9
27 9] A== Table 29 #Zo] AelE

Table 2. Input data for solar radiation model.

Input data Source Resolution
DEM . .
(Digital Flevation Model) SRTM 3s Static
Surface Albedo | MODIS(TERA/AQUA)  0.05°x0.05°  Monthly
Total Ozone OMI(AURA) 1°x1° Daily
AOD 1 010 Ty
(Aerosol Optical Depth MODIS(TERA/AQUA) 1°x1 Daily
Cloud Amount .
(Sunshine duration) KMA station Hourly
Temperature,
Pressure, . )
TPW (Total KMA station Hourly
Precipitable Water)
2.3 T4
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Fig. 2. Time of maximum solar radiation and global solar
radiation from solar radiation model.
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Fig. 3. The variation of solar radiation at Gangneung.
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Table 3. Optimum angle of solar panel at 22 solar sites.

Solar station(22) Clear Cmf (}11
Station name(ID) 3 0% I6]
Daegwallyung(100) 34 0 35 -1
Chuncheon(101) 34 0 36
Gangneung(105) 34 0 36 -1
Seoul (108) 34 0 36 -1
Incheon(112) 34 0 35 0
Wonju(114) 34 0 35 0
Suwon(119) 34 0 35 0
Seosan(129) 33 0 34 0
Cheongju(131) 33 0 34 0
Daejeon(133) 33 0 34 0
Chupoongryung(135) 33 0 34 0
Andong(136) 33 0 35 1
Pohang(138) 33 0 34 0
Daegu(143) 33 0 34 0
Cheonju(146) 33 0 34 -1
Kwangju(156) 32 0 33 -1
Busan(159) 32 0 33 0
Mokpo(165) 32 0 32 0
Heusando(169) 31 -1 31 0
Jeju(184) 30 -1 30 -1
Gosan(185) 30 -1 29 -1
Jinju(192) 32 0 34 0
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