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Abstract

As Turkey lies near the sunny belt between 36 and 42°N latitudes, most of the locations in Turkey
receive abundant solar energy. Average annual temperature is 18-20 °C on the south coast, falls
down to 14-16°C on the west coast, and fluctuates 4-18 °C in the central parts. The yearly
average solar radiation is 3.6 kW h/m? day, and the total yearly radiation period is ~2610 h. The
main focus of this study is put forward to solar energy potential in Turkey using artificial neural
networks (ANNSs). Scaled conjugate gradient (SCG), Pola-Ribiere conjugate gradient (CGP), and
Levenberg—Marquardt (LM) learning algorithms and logistic sigmoid transfer function were used in
the network. In order to train the neural network, meteorological data for last 4 years (2000-2003)
from 12 cities (Canakkale, Kars, Hakkari, Sakarya, Erzurum, Zonguldak, Balikesir, Artvin, Corum,
Konya, Siirt, Tekirdag) spread over Turkey were used as training (nine stations) and testing (three
stations) data. Meteorological and geographical data (latitude, longitude, altitude, month, mean
sunshine duration, and mean temperature) is used as input to the network. Solar radiation is the
output. The maximum mean absolute percentage error was found to be less than 6.78% and R* values
to be about 99.7768% for the testing stations. These values were found to be 5.283 and 99.897% for
the training stations. The trained and tested ANN models show greater accuracy for evaluating solar
resource posibilities in regions where a network of monitoring stations have not been established in
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Turkey. The predictions from ANN models could enable scientists to locate and design solar energy
systems in Turkey and determine the best solar technology.
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1. Introduction

Turkey is located at the Mediterranean at 36 and 42°N latitudes and has a typical
Mediterranean climate. Solar energy potential is very high in Turkey. The yearly average
solar radiation is 3.6 kW h/m” day, and the total yearly radiation period is ~2610 h. Solar
radiation incident on a horizontal surface and sunshine duration are measured by all
recording stations in Turkey [1]. Several studies have individually been presented [2—-6]
for the prediction of solar radiation in various cities in Turkey. Our few studies have been
presented for prediction of solar resource in several cities in Turkey using artificial neural
network (ANN) [7-8]. In this study, the cities used in training and testing are different
based on meteorological and geographical properties than Refs. [7-8]. Also, this study
proves that ANN can be used prediction of solar resource in Turkey.

For efficient conversion and utilization of the solar energy, engineers designing solar
energy systems require an accurate detailed long-term knowledge of available global solar
radiation data in various forms, depending on the related application. This study shows
general perspective of solar resource in Turkey. Twelve stations (namely cities: Canakkale,
Kars, Hakkari, Sakarya, Erzurum, Zonguldak, Balikesir, Artvin, Corum, Konya, Siirt,
Tekirdag) are selected in different regions of Turkey in which the radiation data and
sunshine duration information are being collected since 2000. The cities selected can give a
general idea about solar resource of Turkey. In this study, estimation of solar potential in
Turkey based on meteorological and geographical data was performed using artificial neural
networks (ANNs). Scaled conjugate gradient (SCG), Pola-Ribiere conjugate gradient
(CGP), and Levenberg—Marquardt (LM) learning algorithms and logistic sigmoid transfer
function were used in the network. Meteorological and geographical data (latitude,
longitude, altitude, month, mean sunshine duration, and mean temperature) is used as input
to the network. Solar radiation is the output. A reasonably accurate knowledge of the solar
resource availability at any place is required by solar engineers, architects and
meteorologists in many application areas of solar energy.

2. Artificial neural networks

Artificial neural networks (ANNs) have been widely used for many areas, such as
control, data compression, forecasting, optimization, pattern recognition, classification,
speech, vision, etc. The use of the ANNs for modelling and prediction purposes is
increasingly becoming popular in the last decades [9-21]. ANNs have been trained to
overcome the limitations of the conventional approaches to solve complex problems.
ANNs can be trained to solve problems that are difficult to model analytically.
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