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Abstract- The world's main energy source is the sun. Other energy sources are caused directly or indirectly from the sun.
Turkey has a rich potential in terms of solar energy and interest in solar power systems is increasing in the rapidly evolving
technology. In all of the solar energy studies needs solar radiation data but solar radiation measurements are not possible on
each area. Therefore, estimation of the solar radiation by using a variety of methods is emerging importance. In this study,
Turkey and Adiyaman solar energy potential is investigated and statistical analysis was performed for Adiyaman. Various
parameters were estimated by using actual solar radiation data from the Meteorology and experimental data were compared
with theoretical ones. According to the results of the statistical analyzes, Adiyaman data indicate the best fit with the cubic

model.
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1. Introduction

Increasing energy demand, shortage of fossil fuels and
environmental concerns gives impetus to the development of
renewable and sustainable energy sources such as solar,
geothermal and wind power. [1]. Turkey has rich reserves of
renewable and sustainable energy. Among the renewable
energy resources in Turkey, one of the most significant one
is the solar power [2]. Turkey's average annual solar
radiation is 1311 kWh/m*year, and has 2640 hours of
sunshine duration. In all studies related with solar energy
systems are needed to solar radiation data and solar radiation
measurement is not possible in everywhere. Therefore, the
solar radiation must be predicted by using a variety of
methods. Complete and accurate solar radiation data for a
particular region is inevitable. For a place the measured
values are not available, various models have been improved
to estimate solar radiation. In the literature, there are various
experimental methods used to predict the global solar
radiation [3]. Yorukoglu and Celik [4] used five different

models to estimate global solar radiation by using sunshine
duration. Daut et. al. [5] suggested a new method which is
combination of linear regression and Hargreaves method to
estimate the solar radiation. Prieto et. al. [6] improved the
correlation between monthly average radiation data and air
temperature corresponding to the same temporal sequence of
measurements. Papakostas et. al. [7] studied to forecast
ambient dry bulb temperature bin-data, based on only the
monthly mean temperatures and the solar clearness indicator.
Almorox et. al. [8] proposed a new experimental model to
intercourse the global solar radiation (H) with its theoretical
possible maximum value (Ho), through daily maximum and
minimum air temperature.

In this study, statistical analysis was conducted using 6-
year Adiyaman solar data. Models such as the linear,
quadratic, cubic, logarithmic and exponential are used for
this purpose. According to the statistical results, Adiyaman
data showed the best fit with cubic model. However,
quadratic, logarithmic and exponential model shows best fit
after cubic model. By using estimated parameters, solar
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radiation values can be estimated for other region. According
to the analysis Adiyaman is one of the leading cities in terms
of radiation and sunshine duration.

2. Solar energy potential

Turkey is a very rich country in terms of solar energy.
Turkey's solar map is given in Figure 1. According to Figure
1, especially in the southern and south eastern part of Turkey
is very rich in solar radiation. The highest solar radiation
potential from 1800 to 2000 kWh/m?-year comprises in the
south-east and south-western areas.

Fig. 1. Turkey’s solar map [9]

Adiyaman, as located west of the Southeastern Anatolia,
is one of the provinces where solar energy potential is
highest in Turkey. Adiyaman solar map is given in Figure 2.
According to Figure 2 solar energy potential ranged from
1600 to 1750 kWh /m?-year in Adiyaman.
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Fig. 2. Adiyaman’s solar map [9]

Measurements of the solar radiation and sunshine
duration were made in central part of Adiyaman (38° 17' E,
37° 46' N) in between 2005 to 2010 by Meteorological
Office [10]. Figure 3 shows Adiyaman solar radiation
measurements for six year. As shown in Figure 3, monthly
average solar radiation shows little change according to the
measurement years. However, general distribution is carried
out in a similar manner. Considering the annual average for
six year, lowest average with the value of 1.90 kWh/m?-day
takes placed in December and highest value is in June with
7.00 kWh/m*-day.
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Fig. 3. Adiyaman’s solar radiation data from 2005 to 2010

Adiyaman sunshine duration in between 2005 to 2010
was shown in Figure 4. As shown in figure, maximum daily
average sunshine duration by month was achieved in July
with value of 12.28 h/day and lowest in January with 3.70
h/day. Adiyaman is one of the province in Turkey with
having the highest average sunshine duration (10 h) over 5
months of the year (May-Sep.). Meteorological data seems to
be similar by measurement years. Therefore, meteorology
has stopped taking new measurements for Adiyaman after
2010.
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Fig. 4. Adiyaman sunshine duration from 2005 to 2010
3. A Case Study

Statistical analyzes were performed using solar radiation
and sunshine duration data that was conducted from 2005 to
2010 in Adiyaman (38° E46' 17' N). Anstrém-Prescott
equation is used to analyze the data. Daily extraterrestrial
radiation on horizontal surface for Adiyaman is calculated
using equation (1) [11].

24x3600
HO =

Twg
180

Gsc- k(cos@Pcosdsinwg + sin@sind) 1)

Here, G solar coefficient (1367 W/m?), k is eccentricity
correction constant and calculated by equation (2) [11].

360n

2es) O]

k=1+0,033(cos

Here, n is representing the number of days starting from the
first day of January. & is declination angle and calculated
with Cooper equation (3) [11]:
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w is sunset hour angle and expressed equation (4) [11]:
wg = cos™1(—tan@tand) 4)

Regional day length (S,) is expressed with equation (5) [11]
2wg

So =712 )
Statistical analyzes were performed by using linear,

quadratic, cubic, logarithmic and exponential models. The

models used in the analysis are given in Table 1 and

comparison parameters used in the regression analysis are

given in Table 2.

Table 1. The regression model used in data analysis

Linear model H_a+ps
Hy So
i 2
Quadratic Model H_a4bSic (i)
Ho So So
i 2 3
Cubic Model i=a+bi+c(i) +d(i)
Hg So So So
Logarithmic model | 2L — 4 4 plog>
Hy So
H N
Exponential model Hi _ aeb(%)
0

Table 2. Comparison parameters used in the regression

analysis

n (Hi,m _ ch>z 2

. =7, ~H, 2_ 4 Ziea(Him — Hic)
RZ’=1- — RA=1-——""—""5

n (Hlm _ (H_m)) Zi=1(Hi,m - Hm)

i=1 HLD H0
1 2
RMSE; = |~ (Hym — Hyc)

n
1
MBE, = EZ(H‘V'" —Hy.)
i=1

n

; 1

: ) MABE, = EZGH‘V"’ - Hy|)
i=1

MPE, = MPE,

MAPE, = MAPE,

4, Results and Discussion

Solar energy systems applications always need solar
data. These meteorological data are measured experimentally
in several centers. But it is not possible to measure in
everywhere. Instead, regression analysis is performed to

create a model to estimate solar data for other region.
Regression analysis is a statistical technique that is
characterized by a mathematical model in order to estimate
the variables in the relationship. Correlation coefficient is
calculated to determine whether the reliability of the results
obtained in this assay. In this study, experimental
measurements were conducted for solar radiation in between
2005-2010 was analyzed statistically by using regression
analysis for different models. Statistical analysis results are
shown in Table 3. Table 3 reveals that the cubic model
showed the best fit to the data for Adiyaman. However,
quadratic, exponential and logarithmic model showed the
best fit after the cubic model. There is a little difference
between the cubic model with other models. This type of
modeling with the assistance of the parameters estimated
from data for certain region helps to predict solar values of
other nearby regions. Solar maps covering the whole country
is obtained as a result of modeling by using measurements in
certain regions. The same method is applied to determine the
country’'s wind the map. According to the wind
measurements made at certain places, other parts of the
region are estimated using various models and wind maps
prepared.

Daily extraterrestrial radiation on horizontal surface for
Adiyaman was calculated using equation (1). Solar radiation
measurements data from 2005 to 2010 reaching on horizontal
surface were taken from meteorology of Adiyaman. Taking
the average of the data received, values of solar radiation
reaching on the horizontal surface was found. Figure 5 shows
the values of extraterrestrial and terrestrial solar radiation
reaching on horizontal surface as monthly average for
Adiyaman. As seen in Figure 5, the highest extraterrestrial
solar radiation was calculated as 11.58 kWh/m?-day for June,
and the lowest one was 4.16 kWh/m?-day in December.
Considering measurements of solar radiation reaching on
horizontal surface, the highest solar radiation with 7.00 kWh
/m?-day was measured in June, the lowest one is 1.90
kWh/m?-day in December. Cloudiness index is defined as the
ratio of the monthly average solar radiation to extraterrestrial
average solar radiation on the horizontal surface. According
to the data given in Figure 5 cloudiness index took placed
with the value of 0.42 in February, highest with 0.61 in July.
Cloudiness index is quite important in solar energy
applications. When calculating the solar energy incident on
horizontal surface, index of cloudiness should be considered.

Day length for Adiyaman was calculated using equation
(5). Sunshine duration was obtained by observations made by
meteorology. Figure 6 shows the day length and sunshine
duration for Adiyaman. As shown in Figure 6 maximum
day length took placed in June with the value of 14.59 h, and
minimum took place in December with 9.40 h. With respect
to sunshine duration, maximum day length took placed in
July with 12.28 h, and minimum in February with 3.51 h.
Although the sunshine duration showed similar changes
yearly but according to the cloudiness index seasonal
variations may occur. For example, in February sunshine
duration is the shortest while the day length is not.
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Fig. 5. Terrestrial and extraterrestrial radiation on horizontal
surface for Adiyaman
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Fig. 6. Day length and sunshine duration for Adiyaman

Table 3. Regression results and statistical parameters for a variety of models for Adiyaman.

R’ R,> RMSE; RMSE, MBE; MBE, MABE, MABE, MPE; MAPE,

Linear 0.772 0972 0.0445 11641 0.0003 0.0318 0.0336  0.8941 -1.06  7.24
Quadratic 0.789 0976 0.0429 1.0772 0.0001 0.0454 0.0311  0.8087 -0.95 6.73
Cubic 0.793 0977 0.0424 1.0725 0.0004 0.0523 0.0309  0.8035 -0.88  6.68
Logarithmic 0.746 0.974 0.0470 11234 0.0001 0.0926 0.0333  0.8465 -1.00 7.42
Exponential  0.740 0.965 0.0475 1.3093 0.0032 0.0682 0.0371 1.0202 -041  7.80

5. Conclusion R? coefficient of determination

S sunshine duration (h)

Energy is the foremost of today's most important issues. S0 day length (h)

Countries that produce their own energy are being more

powerful economically but foreign energy-dependent  Greek letters

countries are experiencing serious difficulties. Effects of  ws sunset hour angle (degree)

global warming, which manifests itself in the last 50 years & solar declination (degree)

has led the country to renewable energy sources. In this @ latitude of site (degree)

study, statistical analysis was carried out using solar o standard deviation

radiation data from 2005 to 2010 for Adiyaman. Linear,

quadratic, cubic, logarithmic and exponential models are ~ Acronyms

used in statistical analysis. In used models cubic model MAE mean absolute error

showed the best fit for these data. However, Quadratic,
exponential, logarithmic, and linear models showed the best
correlation after the cubic model respectively. Using this
model, radiation values for other regions can be
approximated. Thus, it is not necessary to measure the solar
radiation in everywhere.
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Nomenclature

a-d  empirical constants

Gsc  solar constant (Gg = 1367 W/m?)

H daily global solar radiation on horizontal surface
(MJ/m?)

Ho daily extraterrestrial radiation on horizontal surface
(MJ/m?)

n number of day of year starting from first of January

k eccentricity correction factor

MABE mean absolute bias error

MAPE mean absolute percentage error
MBE  mean bias error

MPE  mean percentage error

NSE  Nash-Sutcliffe equation
RMSE root mean square error

SEE  standard error of estimate
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