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Estimation of Solar Radiation and Optimum Tilt Angles of Solar Collector in Thailand
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ABSTRACT

The purpose of this research seeks to determine optimum tilt angles for solar collectors in
Thailand to produce maximum energy. The author used two models to calculate output energy to
ascertain the optimal tilt angle for solar collectors: seasonally and monthly compared with the horizontal
surface case. Data were gathered between 2012 through 2017 related to the average global and diffuse
solar radiation of Nakhon Pathom (latitude 13.62° N) for this study throughout. The results show that the
annual optimum tilt angle of Thailand was 14° and the output energy increased by 2.28%. Moreover,
the two models of the optimal tilt angle for solar collectors changing seasonally and monthly increased

the output energy 6.60% and 8.20%, respectively.
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WA, 2561) dauNITalsanatauananIadanlaniwuaniansldnasauasinadstiy Inansensng
WAL LANNUUA LI UABN LN A UNAUNULAT WA IUNABNTIN. A.2558 D9 W.A.2579 (Alternative
Energy Development Plan [AEDP], 2015) TmﬁLﬂwmﬂLﬁ'umﬂﬁ’wﬁwmmmLmusluv;nmmﬁ'qumm
fapn warannsldndssuanideindanesia edunisaanisindindsuuazideinasann
patszina n1sldnadsInunauny @:gqﬁumﬂfﬁ’wﬁmummLmuﬁmmmmamié’mﬂﬁluﬂa:mﬁ%q
Usznaudne nasnungseniing ndanuay waanauaEn W@T@wjﬂmmmimy' WALNUTINIA WA
Fagfanin watemIEY LazndAIN@emadann (ndenuannienueausslulefiaa) Ussinalne
Idfivusdunieiidanisnaandsanlninannndssunaunusng o lud w.e. 2579 M
19,684.40 wnzdmsf Tagilmanaridainisuaniwiiainndanunasanfindlul w.a. 2575 a5 6,000
Nz SnsvieAnly 30.48 % ANWAILNAUNIRAA 1L Lﬂuwzi’\mummLmuﬁqﬂﬁwﬂfi’mmmmﬂ
WBenFaufumasnuniadaniauainanm (Table 1) azwiulAiwasauugsaing JunumanAny
TunsdundeunsldndumauLazngIIaAsneessznAlng
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1 13 ]
=

aqifuiinnsfneAuadinisnimuaguidasiuanzanluaaiui iy uglu (Mohd and Malik, 2001)
H3e (Kamal, 2009) WAUUIAT (Rowlands et al., 2010) 41gAa19zLile (Tarek, 2016) LFudu (Chang,
2010) anigauiuiediiend (Jafarkazemi, Saadabadi and Hadi, 2012) 8uLAt (Jamil et al., 2016) Laz

2817 (Ibrahim, 2013) 1w

Table 1 Percentage of alternative energy consumption (Department of alternative energy development

and efficiency, 2019).

Alternative Energy 2017 (MW) 2018 (MW) Target in 2032 (MW)
Solar Energy 2,697.26 2,962.44 6,000.00
Wild Energy 627.82 1,102.82 3,002.00
Small Hydro Power 182.28 187.72 376.00
Biomass 3,157.28 3,372.94 5,570.00
Biogas 47542 505.24 1,280.00
MSW 191.47 317.82 550.00
Large Hydro Power 2,906.40 2,919.66 2,906.40
Total 10,237.93 11,368.64 19,684.40
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Figure 1 Diffuse solar radiation meter. Figure 2 Direct solar radiation meter.

Table 2 Nomenclature (Jamil et al., 2016).

Hg Daily beam radiation incident on an R, Ratio of average daily diffuse radiation
inclined surface, (MJ/m2-day). incident on an inclined surface to that on a
horizontal surface
Hp Daily sky-diffuse radiation incidentonan R, Ratio of average daily beam radiation
inclined surface, (MJ/m2-day). incident on an inclined surface to that on a
horizontal surface
Hy Daily ground reflected radiation incident n Days of year
on an inclined Surface, (MJ/m2-day).
H; Daily global radiation on a tilted surface, 5 Sunrise hour angle, sunset hour angle
(MJ/m2-day).
H, Daily beam radiation incident on a o, Surface slope from the horizontal
horizontal surface, (MJ/m2-day).
H, Daily diffuse radiation incident on a B Latitude

horizontal surface, (MJ/m2-day).

2] Zenith angle
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Figure 3 Latitude, Tilt angles of solar collector detail. Figure 4 Tilt angles of solar collector detail.
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Figure 5 Simulation flowchart.
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Figure 6 Solar radiations on tilt angles. Figure 7 The Optimum tilt angles.
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Table 3 Monthly, Seasonal and Annual optimum tilt angles.

Annual Seasonal Months
Month
(Degree) (Degree) (Degree)
March 16
April -2
Summer -3
May -14
June -18
July -14
August -5
14 Rainy 4
September 9
October 25
November 38
December 44
Winter 39
January 42
February 31
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Table 4 The Estimated gains in Annual, Seasonal, Month solar radiation in comparison to a horizontal

surface.
Energy on Surface Electrical energy
Case Percent Gain %
(KW/m*-Year) (KW/m*-Year)
Horizontal surface 2,348.98 422.82 -
Annual 2,402.46 432.44 2.28%
seasonal (3 time) 2,504.05 450.73 6.60%
Month (9 time) 2,541.57 457.48 8.20%
a5
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