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A study on the efficient use of solar energy

—-Analysis of the solar radiation distribution by tilts and azimuths -
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Abstract : This research is carried out to provide fundamental data for the design of solar photovoltaic systems.
Methodologically, the solar radiation installations from 10 different pyreheliometers are measured, which are set
up at 6 and 4 different levels of tilts and azimuth, respectively. Maximum of a yearly accumulated solar radiation
is 1,569.8kWh/m'-year with a tilt angle of 30° and an azimuth angle of 0°(south), 1,558.5 kWh/m'-year with an
azimuth angle of 0°(south) in combination of a tilt angle of 35°. This paper estimates that in designing fixed solar
photovoltaic systems with a tilt angle of 12.5°~50°(south) and a tilt angle of 35° in combination of an azimuth
angle of S45°W ~S45°E, a tilt angle and an azimuth angle will cause a maximum 6.8% and 9.9% of efficiency

variation respectively, depending on a installed solar module’s angle and direction.
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Fig. 1 Pyreheliometer for the azimuth and ftilt.
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Fig. 2 Installation arrangement for the azimuth and tilt.

Fig. 3 The installed pyreheliometer.
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Fig. 4 The solar radiation measurement system.

Table 1. Specifications of solar radiation measurement

system.
Description Specification
Data Recorder CR&00, 4ch
Measurement Data transceiver CDMA
system
Software Loggernet
ISO 9060:1990 CMP3(Second
CLASSIFICATION class)
Response time(95 %) 18 s
Thermal radiation A
(200 W/m?) 15 W/m
Non-stability o
(change/year) 1%
Pyreheliometer Non-linearity 19
(0 to 1000 W/m?)
Directional error
(up to 80° with 1000 20 W/m?
W/m? beam)
Temp. dependence 5 %(-10 °C to
of sensitivity +40 °C)
Tilt error o
(at 1000 W/m?) 1%
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Fig. 7 Accumulated solar radiation for a month(2013.8.1~2014.1.31).
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Table 2. Solar radiation analysis for a month(2013.8.1~2014.7.31)

kWh/m* - month
Month Max Min RP
Aug. | 157.7(215°) 134.2(50°) 17.5%
Sept. | 126.2(27.5°) | 112.7(S45°E) 11.9%
Oct. 136.6(35°) 119.3(12.5°) 14.5%
Nov. 120.7(50°) 93.6(12.5°) 28.9%
Dec. 117.0(50°) 85.6(12.5°) 36.6%
Jan. 128.3(50°) 97.4(12.5°) 31.7%
Feb. 90.4(35°) 80.0(12.5°) 13%
Mar. 136.6(35°) | 122.6(S45°E) 11.4%
Apr. 147.9(27.5) 131.6(50°) 12.3%
May. 192.1(12.5) 154.5(50°) 24.3%
Jun. 126.3(12.5) 100.3(50°) 25.9%
Jul. 138.1(12.5°) 111.2(50°) 24.1%

RP : Relative Proportion
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Table 3. Solar radiation for a month with respect to the tilt(2013.8.1~2014.7.31).
Unit : kWh/m'  month

Mo 12.5° | 15° |17.5°| 20° |22.5°| 25° |27.5°| 30° |32.5°| 35° |37.5°| 40° |42.5°| 45° |47.5°| 50°

Aug. | 157.4]157.0|157.1 | 157.4 | 157.7 | 157.9 | 157.6 | 156.8 | 155.4 | 153.4 | 150.7 | 147.5 | 143.9 | 140.2 | 136.9 | 134.2

Sept. | 120.4 | 121.1 | 122.3 | 123.5 | 124.7 | 125.6 | 126.2 | 126.3 | 125.9 | 1251 | 123.9 | 122.4 | 120.6 | 118.8 | 117.2 | 115.8

Oct. |119.3 | 122.1 | 124.9 1127.6 | 130.0 | 132.2 | 133.9 | 135.2 | 136.1 | 136.6 | 136.6 | 136.4 | 135.9 | 135.4 | 134.9 | 134.7

Nov. | 936 | 97.1 |100.7|104.1 |107.1 | 109.7 | 111.8 | 113.4 | 114.7 | 115.6 | 116.4 | 117.1 | 117.8 | 118.6 | 119.6 | 120.7

Dec. | 856 | 90.1 | 94.0 | 974 |100.3 | 102.8 | 105.0 | 106.9 | 108.5]109.9 | 111.1 | 112.2 | 1134 | 114.5| 115.7 | 117.0

Jan. | 974 1102.1 | 106.0 | 109.3 | 112.2 | 114.8 | 117.1 | 119.1 | 120.9 | 122.5 | 123.7 | 124.8 | 125.6 | 126.4 | 127.2 | 128.3

Feb. | 80.0 | 824 | 84.2 | 856 | 86.8 | 87.8 | 88.7 | 895 | 90.1 | 90.4 | 90.5 | 90.4 | 90.1 | 89.7 | 89.7 | 90.2

Mar. | 126.6 | 1289 | 130.7 | 132.2 | 133.6 | 134.8 | 135.8 | 136.5 | 136.8 | 136.6 | 135.8 | 134.5 | 133.0 | 131.5| 130.6 | 131.1

Apr. [ 145.4|145.8 |146.3 | 146.9 | 147.4 | 147.8 | 147.9 | 147.5 | 146.6 | 145.0 | 142.9 | 140.3 | 137.5]134.7 | 132.5| 131.6

May. [ 192.1 | 189.7 | 188.9 | 188.8 | 188.7 | 188.1 | 186.9 | 184.9 | 182.1 | 178.7 | 174.8 | 170.6 | 166.4 | 162.2 | 158.3 | 154.5

Jun. | 126.3 | 124.7|124.1 | 123.9 | 123.7 | 123.2 | 122.2 | 120.7 | 118.7 | 116.4 | 113.8 | 111.1 | 108.4 | 105.7 | 103.0 | 100.3

Jul. |138.1(135.8]135.3|135.5|135.7 1355 | 134.6 | 133.0 | 130.9 | 128.3 | 125.6 | 1229 | 120.3 | 117.6 | 114.8 | 111.2

Sum |[1,482.2]1,496.8/1,514.51,532.2]1,547.9/1,560.2/1,567.7|1,569.8]1,566.7|1,558.5/1,545.8]1,530.2]1,512.9/1,495.3|1,480.4]1,469.6

RP(%)| 9.19 | 812 | 6.86 | 562 | 455 | 3.73 | 324 | 3.09 | 330 | 3.85 | 469 | 576 | 6.98 | 822 | 9.33 | 10.12

RP : Relative Proportion

Table 4. Solar radiation for a month with respect to the azimuth(2013.8.1 ~2014.7.31).
Unit : kWh/m' - month

MoazH 450 | 50° | 55° | 60° | 65° | 70° | 75° | 80° | 85° | 90° | 95° |100° [105°|110° [115°|120°|125° [130°|135°

Aug.|148.7|148.0]148.2|149.0|150.1]151.2|152.3]|153.0|153.4|153.4|152.9|151.9|150.6148.9|147.1]145.4|143.9]142.9|142.8

Sept. |119.9(119.6]120.0|120.9|122.0123.1|124.1{124.9|125.2|125.1|124.6|123.6|122.2|120.5{118.6|116.6|114.8|113.5|112.7

Oct. |123.6]124.1]125.4]127.3|129.5|131.6|133.5|135.1|136.1|136.6]136.4|135.6|134.2|132.4|130.2|127.8]125.4|123.3|121.8

Nov. [104.0{104.8]106.2(107.9]109.8|111.6/113.2|114.4|115.3|115.6|115.5[114.7]113.5|111.8|109.7|107.2|104.6{102.0| 99.5

Dec. | 96.2 | 97.3 | 98.9 [100.8|102.9]104.8]106.6/108.1]109.2]109.9|110.0{109.6]108.6|107.2{105.3]103.1|100.6| 97.9 | 95.2

Jan. |108.5109.5]111.0{113.0|115.1]117.2|119.2{120.7]121.8|122.5]122.5|121.9|120.8|119.1|117.0{114.5|111.7|108.8]106.1

Feb. | 83.2 | 83.3 | 83.9[84.9|86.1 | 87.3 | 88.4]89.4]90.0|90.4|90.4|90.1|89.4|884 |87.2|85.8|843 829|816

Mar. |129.4|1129.0/129.6]130.7|132.1|133.5/134.8]135.8|136.4|136.6|136.2|135.2|133.8|132.0|129.9|127.7|125.6 |123.8|122.6

Apr. [138.9]138.0/138.0]138.8/140.0|141.4|142.7|143.9]144.7]145.0{144.9|144.4|143.4|142.2|140.7|139.1137.7|136.7|136.5

May.[180.4]|179.3|178.8|178.8]179.0|179.3|179.5|179.5]179.3|178.7|177.8|176.6|175.1|173.4|171.6|170.0|168.6| 167.6| 167.3

Jun. |115.7{115.1]115.0]115.1|115.4|115.8|116.1|116.4|116.5116.4/116.1|115.7|115.0|114.2|113.4|112.6]111.8|111.3|111.1

Jul. |129.21129.0{129.0{129.1|129.2|129.3]129.2|129.1|128.8|128.3|127.7|126.9126.0|124.9|123.8|122.7]121.7|120.8|120.1

Sum [1477.7) 1477 | 1434 11,496.3]1,511.2/1,526.1|1,5396/1,000.3|1,566.7|1,5685| 1,560 |1,646.2/1,532.6| 1,015 |1,4945(1,472.5)1,450.7|1,431.5{1,417.3]

RP(%9| 5.66 | 5.72 | 5.21 | 4.35]3.33 1 2.31 | 1.40 | 0.71 | 0.29 | 0.19 | 0.42 | 0.98 | 1.87 | 3.06 | 4.48 | 6.04 | 7.63 | 9.08 |10.16

RP : Relative Proportion
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Table 5. Maximum solar radiation(2013.8.1~2014.7.31).

unit : kWh/m' - month

Month—2ngle Tilt Azimuth
Aug. 25° | 1579 | 8° | 1534
Sept. 30° | 1263 | 8° | 1252
Oct. 375° | 1366 | 90° | 1366
Nov. 50° | 1207 | 90° | 1156
Dec. 50° | 1170 | 9%° | 1100
Jan. 50° | 1283 | 9%° | 1225
Feb. 375° | 905 | 9° | 904
Mar. 325° | 1368 | 90° | 1366
Apr. 275° | 1479 | 90° | 1450
May. 125° | 1921 | 45° | 1804
Jun. 125° | 1263 | 8° | 1165
Jul. 125° | 1381 | 70° | 1293

Sum(Max.) 16185 15615
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