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1. INTRODUCTION

Nowadays, the consumption of the energy is very important and still increase. And the consequence
is the exhausting of the traditional sources of the energy. So the need of a new energy source is very
necessary. The main renewable energy sources are the sun, wind, biomass, tides and waves of seas. The solar
energy, is one of this renewable energy, has the most characteristics which is the durability. Therefore, many
countries in the world have shifted to this environment friendly alternative energy resources and the
renewable energy has become one of the most popular sources of energy. For example, Algeria started
paying more attention to green energy through an ambitious program of renewable energy development.
The updated program of renewable energy is to install a renewable power about 22 000 MW in the horizon of
2030 for the domestic consumption. 37% of installed capacity until 2030 and 27% of the electricity
production destined for the domestic consumption will be from renewable sources [1].

View of its geographical location, Algeria has one of the highest solar deposits in the world.
Sunshine duration of almost all the national territory exceeds 2000 hours annually and can reach 3900 hours
(High Plateaus and Sahara).The annual energy received on a horizontal surface of 1m? is nearly 3 KWh/m2 in
the north and exceeds 5.6 KWh/m in the Great South [1]. The Algerian state clearly understood the issue of
energy, this explains the reason for its launch into renewable energy (especially wind and solar), taking
advantage of its natural potential and geostrategic position [2, 3]. The installation of solar energy systems
requires information about global solar irradiation in the region where the system is to be installed. However,
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this information is not always available, especially in isolated areas. Therefore, predicting solar irradiation
values is often the only practical way to acquire this information.

The traditional and most appropriated method of determining the intensity of solar irradiation is to
install pyranometers in as many locations as possible, and this need times and increasing the cost of the
installation. However, empirical methods that employ meteorological measures and factors, such as air
temperature, sunshine duration, humidity, vapor pressure, and wind speed, are regularly used to overcome
these observational difficulties.

Several studies have been proposed in the last decades and added to more conventional ones for
predicting solar irradiation values [4-8]. Since each technique has different theoretical basis, the obtained
results are also usually different. Some techniques may be more suitable than others for a specific system or
component. The use of the Artificial Neural Networks (ANN) technique has shown its efficiency to solve
complex nonlinear problems, especially as an estimation tool for predicting desired parameters from inputs
without a known relation [9]. Prediction based on ANN technique has been used to solve several problems
related to renewable energy and photovoltaic systems i.e. the estimation of the optimum tilt angle of
photovoltaic panel in order to obtain the maximum of solar energy [10], the prediction of next day produced
power [11]. The objective of this work is to propose an approach for the Vertical Solar Irradiation (VSI)
prediction based on an ANN model by the use of meteorological measures.

2. SOLARPOTENTIAL IN ALGERIA

Algeria is endowed with a high solar potential. As can be deduced from Table 1, the yearly mean
sunshine duration varies from a low of 2650 h on the coastal area to 3500 h in the Sahara (South). The
potential of daily solar energy is important. It varies from a low average of 4.66 kWh/m? in the north to a
mean value of 7.26 kWh/m? in the south. It means that the yearly energy potential on 86% of the territory is
of the order of 2650 kWh/m?% The annual average daily sums of solar radiation that can be utilized for
photovoltaic applications in Africa are shown in Figure 1. These values range from 3000—-7000 Wh/m2/day

[3].

Table 1. Solar Potential in Algeria [12]

Areas Coastal area  High plateau Sahara Total
Surface (%) 4 10 86 100
Area (Km?) 95,270 238,174 2,048,297 2,381,741
Average duration of sunshine (h/year) 2650 3000 3500
Received average energy (KWh/m?/year) 1700 1900 2650
Potential daily energy (TWh) 443.96 1240.89 14,870.63 16,555.48
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Figure 1. Annual mean global radiation received on a horizontal surface [13]
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3. RESULTS AND ANALYSIS
3.1. Artificial neural networks for prediction vertical solar irradiation

The choice of the ANN technique is due to its ability to learn from previous experiences of a natural
phenomenon. The learning is done from the examples that form the database and allows to build a
mathematical model linking the output to the inputs [14].

ANNs consist of connected elementary processors operating in parallel called neurons.
Each processor calculates a single output based on the information it receives. Each neuron-neuron bond is
associated with a weight. The development of a neural network is done in two stages, the choice of the
architecture and the identification of the parameters. This phase known as learning it consist of the
identification of the model parameters, by an iterative method of modifying the connections weights.
The most studied ANN architecture is the multi-layer neural network (or Multi-Layer Perceptron MLP).
It consists of neurons distributed over several layers, the neurons of which are all connected to the neurons of
the adjacent layers. Layers between the input and output are called "hidden layers™ [15, 16].

It is capable to model any linear and nonlinear systems by using an input layer; hidden layer (s) and
an output layer [17]. Prediction of the vertical solar irradiation can be addressed using the MLP. Figure 2
shows this type of architecture: inputs (Meteorological data), a hidden layer and an output layer with one
neuron.

Air Temperature T
Relative Humidity H -
Verical Solar
A VSI
X Irradiation
Atmospheric Pressure P
‘Wind speed S

Hidden Layer

Figure 2. MLP with one hidden layer

Mathematically, if the nonlinear transformation f is identical for all neurons, the expression of the
output of the MLP with one hidden layer is given by:

H
h, :ijixi +Wio And  y(X)=f Zthj +W, (1)

j=1

W;; are the weights between the inputs and the hidden layer and Wj are the weights between the hidden layer

and the output layer.

The activation function f can be anyone, but in practice and in particular when performing
supervised learning, it is necessary to have a continuous and completely differentiable function. There are
several activation functions. In this study our choice is a sigmoid function for hidden layers. Supervised
learning consists in determining the network weights which minimize on all the data of the learning dataset,
the deviations between the output values (measured values) and the computed output values by the network.
The objective of learning is to find the minimum of the quadratic criterion:

CEW) =3 (6 - ) @

where N is the number of examples of the learning dataset, W and w are the vectors of the weights of the
two layers.
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The method traditionally used to perform supervised learning of the network is the back-propagation
algorithm, so called because of the typical way of calculating derivatives of successive layers starting from
the output layer to go up to the input layer. Initially, the algorithm uses the non-linear gradient optimization
method. Among the best known are the Quasi-Newton method and Levenberg-Marquardt which is used in
our study [15, 17, 18].

3.2. Database

The database used in this work is composed of mean daily values of: vertical solar irradiation VSI,
relative humidity H, air temperature T, atmospheric pressure P and wind speed V, covering more than three
years meteorological data (01/01/2002 to 03/15/2005) at Bouira (latitude 36.383, longitude 3.892).
This database contains 1170 vectors, 970 vectors are used for learning and 200 vectors for testing. Figure 3
shows the variation of Air temperature (T) and vertical solar irradiation VSI.
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Figure 3. Variation of air temperature (T) and vertical solar irradiation (VSI)

3.3. Performance evaluation

In order to find the best ANN model, several architectures have been tested. The evaluation is made
according to the most used error criteria in literature: mean square error MSE, mean absolute error MAE and
root mean square error RMSE.

2

MSE = >"(vst,,, ~Vst, ) /N ®)
i=1
N 2
MAE = > \VSI,, =S, ,| /N @
i=1
N 2 1/2
RMSE=| > (vsl,,, -Vsl,,|) /N (5)
i=1

where N is a number of samples, VSI and VSIp are the measured and predicted values of vertical solar

irradiation respectively.
A second evaluation is done using the relative error (RE) in order to know the recognition rate of
estimated values at each ANN and for different RE values. Table 2 shows the obtained results.

RE, = (Vsl,,, ~VSI, ,|/VS; ) 100% (6)
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Table 2. Performance Evaluation of Different ANN Architectures

Relative Error (RE)

N Architecture MSE MAE RMSE 2%/0 <5% <10% <15% <20% <30%
1 8x4x1 0.0121  0.0808 0.1100 - 8.83 19.16 375 51.66 59.16 73.33
2 25x15x8x1 0.0136  0.0892 0.1168 ;E < 4.16 12,5 29.16 40 53.33 73.16
3 15x8x4x1 0.0126  0.0827 0.1124 %;i’ 75 16.66 35.83 53.33 63.33 725
4 8x4x3x1 0.0165 0.0955 0.1286 § [ 5.83 13.33 30 44.16 55 67.5
5 12x4x3x2x1 0.0122 0.0852 0.1105 @ 7.5 15 30.83 42.5 56.66 74.16

We note that the best results are obtained for the first and the fifth architectures, as shown in Figure

4 and Figure 5 respectively.
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Figure 4. Predicted and measured on testing data Figure 5. Predicted and measured on testing data
using the first model using the fifth model
CONCLUSION

It is the great interest of solar energy that we tried in this paper to present our application.

Continuous measurement of (VSI) is sometimes impossible especially in remote locations, hence the need to
use different prediction techniques. In this article, we have proposed a prediction models based on ANN,
learning is performed using a real database. The obtained results confirm the capability of the used technique
for such applications, the improvement of these results can be achieved by using richer data bases or by using
other techniques for constructing prediction models.
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