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Abstract

The aim of this papeis to present a novel model to estimat®nthly global solar
radiation in Thailand. The novel model was investigated based upoegitession technique.
Meteorological data sets obtained frame grourd-based measurement between 19084 at
Khon Kaen, Ubon Ratchathani, NakhoSawan, Bangkok and Songkhla were used in
modeling. The monthly tearness index and normalizedonthly sunshie duration were
correlated in order to search the regression coefficients using 5 different models i.e. linear,
quadratic, lineatogarithmic, logarithmicand power equations. The MBE, MPE and RMSE
were used as the main criteria for selecting lthet model for estimation of global solar
radiation Results showed that, the linear equation and power equation were the best fit for
Nakhon Sawan whereas the quadratic equation was the best fit for Ubon Ratchathani and
Bangkok while the linearlogarithmic was hie best fit for KhorKaen and Songkhla. Finally,
the quadratic equation performed the best fit for all regions compared to other,rasdbks
RMSE was minimum.
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1. Introduction techniques such as regression are still
effective. Many results using this technique

Global solar radiation ighe key  are presented {4]. The model developed
data for design, development, application by this technique is very useful for
and assessment of outdoor solar energySimU|ati0n and mathematical modeling of
systems. Generally, this data can be Such solar energy system#t present the
obtained accuratelyfrom routine ground  Meteorological Departmerftasset upsolar
based measuremenver a particular area  radiation measurement at 9 matireteore
However, the limitatin of the measurement logical stationsDuring the past few years,
is both costand timeconsuming.Another ~ the Department of Alternative Energy
means is the use of a model to predict the Development and Efficiency (DEDE) has
global solar radiation. Presently several Setup a network for measuring globalesol
techniques have been presented in modelingradiation. Twenty five stations were set up
solar radiation e.g. forecasting [1] and ANN and installed throughout the country.
based mode”ng [3] However, classical Results from the collected data by this
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network are very useful in the prediction of main criteria. Not only that, the coefficient
solar radiation in Thailand [8)t seems to  of determination @ was also used. Finally,
be sufficient but the number of statioris contour maps of monthly mean global solar
still  limted. To avoid the spatial radiation of Thailandwere created using
distribution probleminany researchehave Surfer computer software in order to display
proposél several mathematical models to the spatial distribution of glah solar
estimate the global solar radiation from radiation over Thailand. An interval of 0.2
groundbased measurement. The extensive MJ/nf/day was used to create the contour
investigations havebeen conducted and map.

presented [42]. Among these models, the

sunshine duratiowasbest parameter and is Table 1 Geographical coordinateof 5
often used to correlate to the global solar meteorological stations.

radiation. Latitude | Longitude

Station Symbol

In Thailand, the estimation of — — 16("2'\'8) 102("457)
global solar radiation from the number of cho)rr: aen : :
sunshine hours has been investigatsd Ratchathani | YB 15.25 104.87

Kirtikara andSiriprayuk [4. Most of these Nakhon
models used data sets obtained during the| Sawan
last two decades. Recently, Janjai and | Bangkok BK 13.73 100.57

NSW 15.80 100.02

Tohsing have proposed a new model for LSongkhla | SK 720 100.60

estimating the global solar radiation from

sunshine duratioin Thailand[10]. In this  Linear ModelK; =a+bR 1)

paper the data seff global solar radiation ; — 2

and sunshine duration between 195@04 QuadraticK; =a+bR +cR, @)

was used in the analysis for modeli LinearLogarithmicK; =a R dog R
3)

2. Data Preparation and Modeling Logarithmic K, =a+blogR, (4)

Prior to analyzing and correlating am b

the clearness index and normalized sunshinePowerK; =€'R; ()

duration, the extraterrestrial ratan was 1.0 =

firstly computed[13]. In this calculation, MBE:—a(Hi ﬁ.) (6)

the data of location, i.e., latitude and M iz -

longitude are requiredTable 1 shows the 1,08H. -t 0

geographial locations of five meteoro MPE:__a aeH— 6100 (7)

logical stations in Thailand. The clearness =1 ¢ i -

=\ 2
radiation and extraterrestrial radiatiomas a ( H - ﬁ) I(n & (8)
then correlated to the normalized sunshine =1
duration (the ratio between the number of whereK; is the monthly clearness -n
sunshine hours and length of the day) based dex
on the regression technique. Five effnt R
models as shown in Eq.-Hg. 5 were
applied to searctfor the best model. In
order to select the best model, the mean bias

index, which is the ratio of global odar n
RMSE=

isthe normalized monthly

sunshinehours
MBE is the mean bias error

error (MBE)as shown in Eq.,&he average MPE is the average absoluteer
absolute percentage error (MP& shown pentage error
in Egq. 7,and the root mean square error RMSEis the root mean square error

(RMSE)as given in Eg. 8were used athe a,b,c isthe regression coefficient



H, is the measured global solar

5 radiation

I-E—i is the predicted global solar
radiation

n is the number of valid data
points

k is the numberof parameters

estimated in the model.

The goodness of fit was judged by
the size of the coefficient of determination.
TheMBE, MPE, and RMSE were com
puted as a further check on thalslity of
the models [12].

3. Results and Discussion

The regression aefficients are
shown in Table 2whereas the errors of
each model are displayed imable 3.
Results showthat, the linear equation and
power equatiorarethe best fit for Nakhon
Sawan, whereas the quadratic equatios
the best fit for Ubon Ratchathani and
Bangkok while the linearlogarithmicis the
best fit for Khon Kaen and Songkhla.
Furthermore, the (quadratic equation
performed the best fit for all regions
compared to other modelas the RMSE is
at a minimum. Table 8hows that the f is
in the range of 0.810.981. Table 3hows
that the MBE is in the range 00.06:0.47,
the MPEis in the range of 5.13.49and the
RMSE is in the range of 0.47.59 The
estimated monthly globabkolar radiation
using the quadratic model for Thailand is
shown in Fig. IFig. 12. It is found that the
monthly intensity of incident global solar
radiation over Thailand is in the range of
14.2523.76 MJ/ri/day.
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Table 2 Regression coefficientsof 5
different models for each station.

Station | Model | a b c r?
1 0.32| 0.45 -1 0.98
2 0.29| 0.56]| -0.10| 0.98
KK 3 0.34| 0.42| 0.01| 0.98
4 0.71| 0.23 - 0.98
5 -0.31| 0.42 - 0.98
1 0.26| 0.49 - 0.88
2 0.55| -0.66| 1.07| 0.91
uB 3 -1.97| 091 -1.13| 0.92
4 0.69| 0.24 - 0.85
5 -0.32| 0.49 - 0.87
1 0.39| 0.27 - 0.83
2 0.55| -0.66| 1.07| 0.91
NKW 3 0.29| 0.38| -0.06| 0.83
4 0.63| 0.14 - 0.82
5 -0.45| 0.27 - 0.82
1 -0.25| 0.51 - 0.91
2 0.43| -0.21| 0.71| 0.92
BK 3 -0.26| 1.10| -0.29| 0.92
4 0.69| 0.24 - 0.89
5 -0.32 | 0.49 - 0.90
1 0.25| 0.53 - 0.89
2 -0.05| 1.63| -0.96| 0.90
SK 3 1.22 | -0.55 0.6 0.90
4 0.73| 0.30 - 0.89
5 -0.28| 0.54 - 0.89

4. Conclusion

This paper investigated a novel
model for predicting global solar radiation
in Thailand. The meteorologicalata set
between 1992004 was analyzed using a
regression technique in order to correlate
the clearness index and normalized sunshine
duration using 5 different models. Results
indicatethat, the linear and power models
are suitable for estimating globakolar
radiation for NakhonSawan whereas the
guadratic modelis suitable for Ubon
Ratchathani and Bangkok waihe linear



Table 3 The MBE, MPE and RMSEof 5
different models.

Station | Model | MBE | MPE | RMSE
1 0.05 5.13 0.47
2 -0.01 5.13 0.49
KK 3 -0.01 5.13 0.49
4 -0.02 5.12 0.53
5 -0.02 5.12 0.48
1 -0.04 5.49 1.39
2 -0.01 5.49 1.22
uB 3 -0.01 5.49 1.22
4 -0.06 5.50 1.59
5 -0.04 5.49 1.49
1 -0.05 5.33 0.85
2 0.47 5.21 1.82
NKW 3 -0.05 5.33 0.89
4 -0.06 5.33 0.89
5 -0.05 5.33 0.88
1 -0.05| 5.49 1.14
2 -0.05| 5.49 1.07
BK 3 -0.05 5.49 1.08
4 -0.06 5.49 1.26
5 -0.05 5.49 1.20
1 0.02 5.33 1.35
2 0.01 5.32 1.29
SK 3 0.01 5.32 1.28
4 0.02 5.32 1.30
5 0.02 5.32 1.33

logarithmic modelis suitable for Khon
Kaen and Sogkhla. Finally, the quadratic
modelhasthe best results for all regions of
Thailand. Using the quadratic model, the
estimated global solar radiation in Thailand
is in the range of 14.283.76 MJ/ri/day.
However,these maps are simply indicative
of thedistribution of solar radiation and can
be of limited use for finding out the
utilization potential of solar energy.
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Fig. 1 The ontour map of monthly mean
global solar radiation in January (MJ/m
day).
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Fig. 2 The ontour map of monthly mean

global solar radiation in February (MJm
day).
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Fig. 3 The ontour map of monthly mean Fig. 5 The @ntour map of monthly mean
global solar radiation in March (MJfn  global solar radiation in May (MJAtday).
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Fig. 4 The ontour map of monthly mean Fig. 6 The @ntour map of monthly mean
global solar radiation in Air(MJ/m?day). global solar radiation in June (MJuay).
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