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ABSTRACT In Korean practice, the installers apply a 180° orientation angle and 30° tilt angle for the optimal solar array. This study
examined whether the optimal combination would be correct in the geological conditions of Korea. In this paper, the power generation
of 80 sample sites in Korea with different longitudes and latitudes was calculated using a System Advisor Model. Each sample was
simulated with a wide range of azimuth angles (0°-360°) and tilt angles (0°-90°) by a change of each one degree and the relationship
between the system (module direction and angle) and the location (latitude and longitude) for the maximum power generation was
analyzed. Based on a total of 2,620,800 simulation runs, the optimal ranges were the 176-184° azimuth and 30-36° tilt. In this study,
the strong positive relationship between the tilt angle and the latitude and longitude for the optimal power generation was proven.

Key words SAM(System Advisor Model), Photovoltaic power optimization( e} %33 %] 2] ¥} A1), Optimal orientation(Z] 2] ®}-3F)
Optimal Tilt angle(Z] & 7 A}2})
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Nomenclature e, : residual

2. . .
X, : independent variable R~ : coefficient of determination

K

Y, : dependent variable X :average of all X value

a : regression coefficient ): +average of all Y value

3 : regression coefficient Y; : Y value of straight line with gradient
€; - error term

a :constant term subscript

b : gradient SAM : system advisor model

NREL : national renewable energy laboratory

1) Green School, Korea University SSE  : sum of squares for error
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SST : sum of squares for total

AEP : annual energy production
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Table 1. Hypothesis

Number Hypothesis

Optimal tilt angle for PV systems is increased more
@ than 30° according to the longitude increase (West
—East)

Optimal tilt angle for PV systems is increased more
@ than 30° according to the latitude increase (South
—North)

® Optimal orientation angle for PV systems is increased
more than 180° according to the longitude increase

@ Optimal orientation angle for PV systems is increased
more than 180° according to the latitude increase
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Table 2. System Design

Table 3. Target Area

Region Cities

Seoul, Incheon, Ansan, Anyang, Gapyeong, Gimpo,

Seoul, Goyang, Gwangju, Hanam, Hwasung, Namyangju,
Gyeonggi | Paju, Pocheon, Pyeongtaek, Seongnam, Suwon,
Uijeongbu, Yangpyeong, Yongin

Cheolwon, Chuncheon, Donghae, Gangneung,
Gangwon | Sokcho, Hoengseong, Hongcheon, Wonju,
Yangyang, Yeongwol

Cheongju, Chungju, Danyang, Eumseong, Goisan,

Chungbuk
ughu Jaecheon, Jeungpyeong

Contents Specification
Capacity 1MW
Hanwha Q Cell HSL60M6—HA—-250TW,
Module Mono—crystalline, 250W x 4,000 EA,
Normal efficiency 15,1264%
Inverter SMA SC250U 250kW x 4 EA,
Weighted efficiency 96, 726%
Array 250 Parallel X 16 Series
Loss DC Wiring 2%
Degradation 0.5%]/year
Operation 20 years

Daejeon, | Daejeon, Sejong, Asan, Boryeong, Buyeo, Cheonan,
Chungnam | Gongju, Hongseong, Nonsan, Yesan
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Daegu, Daegu, Andong, Bonghwa, Gumi, Gyungju, Pohang,
Gyeongbuk | Yecheon, Yeongcheon

Busan, Busan, Ulsan, Changwon, Geochang, Geoje, Jinju,
Gyeongnam | Milyang, Tongyung

Jeonbuk | Gimjae, Gunsan, lksan, Jeonju, Jinan, Namwon

Gwangju, | Gwangju, Gurye, Gwangyang, Hwasun, Mokpo,

Jeonnam | Muan, Naju, Suncheon, Yeonggwang, Yeosu

Jeju Jeju, Seoguipo
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Fig. 2. Target Area Position
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alego] Hasleh ™ o] AUAKGlobal Horizontal
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Table 4. Irradiance Data (kWh/m?/day)

City Global | Direct | Diffuse City Global | Direct | Diffuse

Seoul 3.23 2.18 2.00 Buyeo 3.52 2.39 2.13

Incheon 3.23 2.14 2.02 Cheonan 3.34 2.37 2.00

Ansan 3,24 2.09 2,06 Gongju 3,50 2,59 2.02

Anyang 3.24 2.29 1,96 Hongseong 3.42 2.41 2.04

Gapyeong 3.28 2.40 1,97 Nonsan 3.52 2.65 1,98

Gimpo 3.22 2.10 2,05 Yesan 3.39 2.33 2,06

Goyang 3.22 2.19 1,98 Daegu 3.59 2.76 2.04

CGwanglt | 900 | 997 | 196 | Andong | 371 | 3.09 | 199
(Gyeonggi)

Hanam 323 | 232 | 192 | Bomgwha | 357 | 2.89 | 197
Hwasung | 3.24 | 213 | 2,03 Gumi 361 | 2.80 | 2,03

Namyangju 3.23 2.29 1,95 Gyeongju 3.57 2.74 2.04

Paju 3.22 2.22 1.97 Pohang 3,61 2.83 2.00

Pocheon 3.23 2.30 1.95 Yecheon 3.61 2.88 1,98

Pyeongtaek 3.28 2.31 1,99 Yeongcheon 3.60 2.82 2.03

Seongnam 3.23 2.32 1,94 Busan 3.60 2.62 2.11

Suwon 3.24 2,21 2,01 Ulsan 3.58 2.68 2,07

Uijeongbu 3.22 2.20 1,98 Changwon 3.59 2.63 2.10

Yangpyeong 3.26 2.23 2.03 Geochang 3.69 3.05 1,98

Yongin 3.24 2,23 1,98 Geoje 3.63 2.69 2.09

Cheolwon 3.41 2.82 1.85 Jinju 3,64 2,74 2,08

Chuncheon 3.34 2.50 1,96 Milyang 3.58 2.72 2.05

Donghae 3.51 2.66 2.04 Tongyeong 3.66 2.65 2.15

Gangneung 3.51 2.7 1,98 Gimje 3.67 2.60 2.15

Hoengseong 3.40 2.60 1.97 Gunsan 3.63 2.63 2.09
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Fig. 3. Irradiance Data Trend by City

Hongcheon 3.38 2.55 1,98 Tksan 3.62 2.54 2.14 . . .
¢ Table 5. Comparison of Global Horizontal Irradiance (1986—
Sokcho 3.48 2.75 1,97 Jeonju 3.66 2.82 2.01 2005 kWh/mZ/day)
Wonju 339 | 257 | 1.9 Jinan 364 | 2.80 | 2.05
) Meteorological
Y: 353 | 286 | 1.9 N 370 | 2,99 | 2.01 . ;
angyang . . . [amwon . . . City Meteonorm 7.1 S Error rate
Yeongwol 3.49 2.90 1.90 Gwangju 3.83 2.73 2.23
Seoul 3.23 3.19 1.25%
Cheongju 348 | 259 | 2.04 Gurye 369 | 279 | 2.09
Chungiu | 343 | 253 | 2.02 | Gwangyang | 377 | 2.97 | 2.07 Suwon 3.24 3.32 2.35%
Danyang 35 | 28 | 194 | Hwasun | 383 | 2.88 | 214 Chuncheon 3.34 3.41 2,02%
Eumseong | 340 | 253 | 197 Mokpo 3.88 | 296 | 212 Gangneung 3.51 3.46 1.55%
Goisan 3.46 2.62 2.01 Muan 3.87 3.00 2.10 Cheongju 3 48 354 1 82%
Jaecheon 3.44 2.74 1,91 Naju 3.86 2.84 2.19 Daejeon 3. 56 3. 61 1. 35%
Jeungpyeong 3.39 2.43 2.02 Suncheon 3.80 2.98 2.06
Daegu 3.59 3.58 0.29%
Daejeon 3.56 2.68 2.04 Yeonggwang 3.87 2.80 2.19
Sejong 347 | 256 | 201 Yeosu 382 | 294 | 211 Pohang 3.61 3.58 0.74%
Asan 334 | 241 | 198 Jeju 375 | 2.7 | 2.13 Busan 3.60 3.51 2.45%
Boryeong 349 | 241 | 210 Seoguipo 375 | 2.81 | 2.09 Mokpo 3.88 3.89 0.28%
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Table 6. Optimal Orientation and Tilt angle Q) SSEE HA3I517] Y3t a2} bE AAKSH] £5}e]
o Orien Tilt o Orien Tilt F 4 A5 (Least squared method)S o]-83sp, 71 4
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1 ANe) ydyel
Seoul 180° 3% Buyeo 179° 3 Tt a2k bz oot o] Ak
Incheon 180° 33° Cheonan 179° 33°
Ansan 178° 32° Gongju 176° 32° n
Anyang 181° 34° Hongseong 181° 3%° E X,
—  i=1
Gapyeong 181° 35° Nonsan 180° 32° X="- " (3)
Gimpo 179° 33° Yesan 182° 32°
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(g;;ii;) 178° 33° Andong 179° 36° A Y;
y=- (4)
Hanam 179° 33° Bongwha 180° 35° n
Hwasung 179° 32° Gumi 179° 34°
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o U U U U Y (X -X)(y,—Y)
aju 178 34 Pohang 179 34 =
Pocheon 183° 34° Yecheon 178° 35° b= n =5 (5)
Pyeongtaek 182° 33° Yeongcheon 179° 35° 1()(' - )
iz
Seongnam 179° 33° Busan 179° 34°
Suwon 178° 32° Ulsan 180° 34° — —
a=Y—-bX (6)
Uijeongbu 181° 33° Changwon 180° 33°
Yangpyeong 178° 33° Geochang 179° 35°
e I I I I A7) 4% 57 mEe] §45 o) sto] A7)0 5g W
Cheolwon 182° 35° Jinju 179° 33° _ -
+ X, of 83| = 2>(Regression coefficient
Chuncheon 181° 35° Milyang 179° 34° o Sl Fi= 2 Alr(Reg )
Donghae 179° 36° Tongyeong 177 33° a2} bE ]/\]'3& ZAil= ol Table 73+ 2t}
Gangneung 182° 36° Gimje 178° 31° Z_‘}_ E oﬂ EH-——E]L' Q:H ZHAE =z 6—]. 7337_}__1:_ q_
| R | .
Hoengseong 178° 35° Gunsan 179° 31° ) j‘y_}_ 7} 7]’*"@ =il 7]’*‘1® 7]’*‘1@0“/\‘] 7] 7]7}‘ S1=at =
Hongcheon 178° 35° Tksan 180° 31° T B = T
Sokcho 182° 36° Jeonju 181° 32° EHT) 2T E 2EHeE S Zr)sk= 1)
‘Wonj 179° 34° Ji 179° 33° = <
Ag 1o} po] B4 0R MY 4 ek o] 5
Yangyang 180° 36° Namwon 179° 34°
Yeongwol 178° 36° Gwangju 179° 31°
Cheongju 178° 34° Gurye 179° 32° Table 7. Regression coefficient for hypothesis
Chungj 181° 34° G 179° 33° . . ..
e waneyang Number Hypothesis Regression coefficient
Danyang 183° 35° Hwasun 180° 32° Optimal tilt le for PV
ptimal tilt angle for
Eumseong 179° 33° Mokpo 180° 31° L
systems is increased more
Goisan 179° 3 Musn 181° 3 @ than 30° according to the Y=31.3940.0471.X
Jaecheon 176° 34° Naju 180° 31° longitude increase
Jeung pyeong 177° 33° Suncheon 181° 33° Ootimal tilt lo for PV
ptimal tilt angle for
Daej 178° 33° Ye 184° 31° ..
oejeon conegwang ® systems is increased more _ )
Sejong 179° 33° Yeosu 178° 33° than 30° according to the ¥Y'=31.96+0.0331.X
Asan 178 33 Jeju 176 30 latitude increase
Boryeong 180’ 5 Seoguipo 1 i Optimal orientation angle
for PV systems is increased
® thy 150° st Y= 179.67—0.0075.X
1 more than according
=2 Aol &k ZL AL FAF ™ o
A X =
= ﬂ =2 = O:]Tl_ = v OEH l’}_E}q—] pus }11]1 to the longitude increase
o] Al 7F . . .
o] 4 drt Optimal orientation angle
for PV systems is increased
@ vstems ‘ Y= 178.65+0.0177X
Ve gt bX @) more than 180° according
—a to the latitude increase
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Table 8. R—square for hypothesis

Number Hypothesis R—square

Optimal tilt angle for PV systems is
@) increased more than 30° according to 0.5539
the longitude increase

Optimal tilt angle for PV systems is
@ increased more than 30° according to
the latitude increase

0.2732

Optimal orientation angle for PV
©) systems is increased more than 180° 0.0117
according to the longitude increase

Optimal orientation angle for PV
@ systems is increased more than 180°
according to the latitude increase

0.0646
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Table 9. Contribution of R—square

Contribution Coefficient Applicable
rate of determination Hypothesis
Large 0.26 < R? Hyp@(;tgsw
Middle 013 = R* { 0,26
Small 0.02 = R { 013 Hypo@gms
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[Longitude] Table 10. AEP growth (DC/kWh, 20 years)
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