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Abstract

As the usage of sun tracking system in solar energy utilization facility increases, requirement of
more accurate computation of sun position has also been increased. Accordingly, various
algorithms to compute the sun position have been proposed in the literature and some of them
insist that their algorithms guarantee less than 0.01 degree computational error. However,
mostly, the true meaning of accuracy argued in their publication is not clearly explained. In
addition to that, they do not clearly state under what condition the accuracy they proposed can
be guaranteed. Such ambiguity may induce misunderstanding on the accuracy of the computed
sun position and ultimately may make misguided notion on the actual sun tracking system’s sun
tracking accuracy. This work presents some comments related to the implementation of sun
position computational algorithm for the sun tracking system. We first introduce the algorithms
proposed in the literature. And then, from sun tracking system user’s point of view, we explain
the true meaning of accuracy of computed sun position. We also discuss how to select the proper
algorithm for the actual implementation. We finally discuss how the input factors used in
computation of sun position, like time, position etc, affect the computed sun position accuracy.

Keywords: B2 A| 2&(Sun tracking system), El%F$] 2] A4 Computation of sun position),
EFA X AT Ad(Accuracy of computed sun position)
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I EGAIA RN ALE-7F et BRI AR 12l Walrevan” © 23E Michalsky”, Reda and Andrea”
T1217 Grena TEFE0 9| o]271717] tlelet eie] o] ot

Table 1 Time validity and maximum computational uncertainty in azimuth and elevation for typical algorithms published

in the literature

Algorithm Publication Year Time Validity Maximum Uncertainty
Walrevan 1978 0.01°
Michalsky 1988 1950 ~ 2050 0.0139°
Blanco-Muriel et. al. 2001 1995 ~ 2050 0.0111°
Reda and Andrea(SPA) 2008 -2000 ~ 6000 0.0003°
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Table 1 Time validity and maximum computational uncertainty in azimuth and elevation for typical algorithms published

in the literature (Continued)

Algorithm Publication year Time validity Maximum uncertainty
Blanc and Wald 2012 1980 ~ 2030 0.0015°
Algorithm 1 0.19°
Algorithm 2 0.038°
Grena Algorithm 3 2012 2010 ~ 2110 0.0125°
Algorithm 4 0.0094°
Algorithm 5 0.0027°

Table 1-2 o5 YaelEE0] ZAshs HIYRIAR M) At exfer darelzo] 48 7Fs7 ke et Zos,
el darelgo] 2 0.01° A = 2 2R B ARt @AFS 7RI AL Slet.
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Fig. 1 Difference in magnitude between the value computed by equation in Meeus algorithm and the value computed by

equation in Michalsky algorithm
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Fig. 2 Magnitude of refraction computed by equations in Meeus algorithm, Michalsky algorithm and in Pulkovo table at

low sun elevation angle
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Table 2 Relative computational cost compared with Reda and Andrea algorithm(SPA)

Algorithm Relative Computational Cost (Average)
Michalsky 0.098
Reda and Andrea (SPA) 1
Algorithm 1 0.057
Algorithm 2 0.069
Grena Algorithm 3 0.075
Algorithm 4 0.080
Algorithm 5 0.086
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Table 3 Maximum computation error in degree when the input time has error of 1, 5, 10, 30 and 60 seconds for 2016 ~ 2050

Input Time Error (second)

1 5 10 30 60
Azimuth 0.01559 0.07795 0.15591 0.46774 0.93547
Elevation 0.00330 0.01649 0.03299 0.09896 0.19791

Table 32] 2016E5E] 2050E7F] AREE QAR @ F0f mk2 ARt Zo @ 2=, 5191ze] 749- 20261 69 214
Ao FLoflx vl o, MZtofidi= JEARE A0l Z7of w22t 2016\, 20221, 2027 12117 20434

59209 AT B FEE BBARH ol lict

54

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016



ER=HYRIE AT EHLAR A A1 _ stH

3 2 oIE1 |1| S)_E

Table 4 Maximum computation error in degree when the input location has error of 0.001°, 0.01°, 0.05° and 0.1° for

2016 ~2050
Input Location (Longitude and Latitude) Error (degree)
0.001 0.01 0.05 0.1
Azimuth 0.00475 0.04753 0.23731 0.47382
Elevation 0.00128 0.01275 0.06377 0.12751

Table 4= BRI ARtsi= 212 9217} A% (ongitude) 9 $1= (atitude) oA B4l 0.001°(214712] 0.14
kme] ), 0.01°(2172] 1.41 kmell $), 0.05°, 21217370, 1°(ZAA=] 14.06 kmol] i) 2] @412 2E=7Sof o
1o, 201695 20509712 AL BRI o= 2o @A1E UEhd Zelck

AN 2700 w2 ARk EjeFRIx|e] 41 AL, PRARE 0:72] 79et-5U5HA|, Table 1074 AAIE siid &
2jE0] Fef AR} titks] 2 gkS 7 Ik

33340, 7Y Y 20| Yzes

Table 5 Maximum computation error in degree when the input air pressure has error of 50, 100, 150 and 200 mb for

2016 ~2050
Input Air Pressure Error (mb)
50 100 150 200
Elevation 0.03241 0.06481 0.09722 0.12963

Table 6 Maximum computation error in degree when the input temperature has error of -10, -5, 5 and 10°C for 2016 ~ 2050

Input Temperature Error(°C)
-10 -5 5 10
Elevation 0.02497 0.01225 0.01181 0.02321

HFe AR darelEE 2do] areER] ek AdEe] AR e ofjt Akt 91e] BAo Rk F A=
Lhs 737, A B TP gel A ARgE st AT BiFIRIol 712 G mIIA] fF=tt Table 19] BRI IART
LElEoN SIS 21 AFSSHE LalPRE2 Reda and Andrea 212l et Ak 19k 22 offofk 7]
7o s Holr, webA sfiarteo] Hojo] mbE tiv|ofe] Hel F el eiRIAlT 2] 7 RIA] el A=Ech, eek
ASEQA|AH] Q7= sEFTE QlE o= oI5l AREE EfeRRIR| AR QA= Q= 71 0 2 TEAs|od e FHISH Ao}

1ot B 2 HigeRIART dareiEell a7 ARt | SRt ot AR, wab o | B2
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Fig. 3 Computational error in azimuth when input time has 5 second error, input longitude and input latitude both have

0.01° error.
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Fig. 4 Computational error in elevation when input time has 5 second error, input longitude and input latitude both have

0.01° error.
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