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ABSTRACT

Article history:

Artiﬁcial Neural Network (ANN) techniques are becoming useful in the
current era due to the vast development of the current computer technologies.
ANN has been used in various fields especially in the field of science and
technology. One of the advantage that makes ANN so interesting is the
ANN’s ability to learn the input and output relationship even though the
relationship is non-linear. In addition, ANN is also useful for modelling,
optimization, prediction, forecasting, and controlling systems. The main
objective of this paper is to present a review of the ANN techniques for
sizing a stand-alone photovoltaic (PV) system. The review in this paper
shows the potential of ANN as a design tool for a stand-alone PV. In
addition, ANN is very useful to improve the sizing process of the stand-alone
PV system. The sizing process is of paramount importance to a stand-alone
PV system in order to make sure the system can generate ample electrical
energy to supply the load demand.
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1.

INTRODUCTION
The amount of electricity generated from renewable resources such as solar energy has increased
annually for the past decade. It has been expected that the generation of electricity from photovoltaic (PV)
technologies can reach more than 900 MW [1-4]. This situation is due to the effect of global warming and the
critical depletion of fossil fuel and natural gases that have been the main source of generating electricity all
this time [5-7]. The dependency on fossil fuel and natural gasses in generating electricity resulted in
greenhouse gas emissions. Hence, PV technology is a popular option of generating electricity because of its
advantages of cleanliness and sufficiency [8]. Generally, PV system can be divided into two types which are
grid-connected PV system and stand-alone PV system. A grid-connected PV system is when the building is
being supplied by both PV and grid. The consumers can use the PV to power electrical appliances as well as
selling excess PV electricity to the grid [9]. A stand-alone PV system on the other hand refers to an electrical
load that is being powered completely by the PV system. A simple and basic stand-alone PV system can be
done by connecting the PV panel to the load like DC motor. This simple PV system is usually use for
powering water pumping system in remote areas [10]. A stand-alone PV system is more suitable to power
houses or buildings in remote areas where the cost of bringing the grid is very high [11-13]. The most
important thing in PV system is the sizing of the PV system. Sizing a stand-alone PV system is more crucial
than sizing grid-connected PV system. This is due to the fact that every component in the stand-alone PV
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system must be sized very carefully since the electricity is 100 percent rely on the PV system. Any mistake in
sizing the PV system can cause insufficient electrical power to supply the load requirements [14, 15]. The
methodology of sizing PV system involves a number of calculations and procedures. These calculations and
procedures of sizing the PV system can be time consuming and might also affect the accuracy of the sizing
outcome. In order to make the PV sizing procedure easier and less time consuming, a number of researchers
have come out with a variety of PV sizing method including the application of Artificial Neural Network
(ANN) [11, 14, 16-20]. The main purpose of this paper is to present a review of the application of ANN in
sizing a stand-alone PV system.
2.

SIZING A STAND-ALONE PV SYSTEM
A stand-alone PV system can be well-defined as an electrical system that only consumes PV
modules as the sole electrical power source. The main objective of the PV system’s sizing procedure is to
make sure that the electrical power produced by the PV system is adequate to supply the electrical load
requirement [14]. The sizing procedure consist of a number of steps. Before starting the sizing procedure, the
accurate peak sunshine data need to be known. This data can be obtained from the local meteorological
department website etc. The peak sunshine data is very important because besides different locations have
different peak sunshine data, the peak sunshine hours per day as well as the solar irradiation will affect the
output of every PV panel [21].
The first step is a detailed electrical load analysis. Load analysis consist of the accumulation of the
total electrical energy used in a specific period of time. Usually, the loads for stand-alone PV system are
almost constant and only have small changes. If the load is variable throughout the day, then the highest
value of that load should be taken into account. Another very important data that is needed is the load’s
operating time. This is due to the electrical loads rarely operate at the same time. For example, the lights are
only used during nighttime, while the kettle is usually used early in the morning or evening. The operating
time of load is the total number of hours per day that the load is operating. Not all loads are being used every
day. For example, a washing machine operates for 2 hours every week has an equivalent operating time of
0.29 hour per day [14, 22-24].
The following steps after load analysis are basically regarding the sizing of every components in the
stand-alone PV system. A stand-alone PV system consists of PV panel or PV array, inverter, solar charge
controller and batteries [15, 25, 26]. The configuration of a standard stand-alone PV system is depicted in
Figure 1. PV array will convert sunlight to DC electricity [27]. The required current and voltage that must be
produced by the PV array need to be determined depends by the load demand (obtained from load analysis).
This electricity will charge the battery bank. The solar charge controller acts to prevent the battery from
being overcharged. Finally, inverter is used to convert DC produced by the PV panel/array from the battery
bank to AC electricity [9].

Figure 1. Configuration of a stand-alone PV system
In terms of sizing the charge controller, one has to make sure that the charge controller should be
rated at least 125% of the maximum current from the PV array [14, 23]. This is to take into account the
changes that might occurred in current value from the PV array. Another crucial part is sizing the charge
controller is to make sure that the charge controller is able to operate with the battery system voltage. For
instance, if the battery system voltage is 12V, then a charge controller with a voltage rating of 12V should be
selected.A battery bank is a number of batteries are being connected together whether in parallel, in series or
both. At this step, the required ampere hour and system voltage of the battery bank is determined. Usually,
the system voltage of the battery bank is determined according to the size of the system’s power. Usually 12
V or 24 V battery bank voltage is used. Battery bank is sized to store enough energy to supply the loads
requirement [23]. Finally, the inverter need to be sized so that it is able to supply at least the same amount of
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power as the total AC power demand. Nonetheless it is highly suggested that the size of the inverter have to
be a bit higher than the total AC power demand by 10 to 40%. Another vital part in sizing the inverter is that
the inverter’s output voltage must be same with the AC system voltage. For example if the AC system
voltage is 240 VAC then the inverter output voltage must also be 240 VAC. On the other hand, the DC input
voltage of the inverter must equal with the battery system voltage [23].
3.

ARTIFICIAL NEURAL NETWORK
Artificial Neural Network or ANN is a method that adapts the neuron system in the human brain
into solving engineering or technology problem such as prediction values, classification, observation etc.
ANN is very useful for modelling or predicting even though the input output data relationship is unknown
[28-32]. A simple configuration of ANN is built up of three layers. The first layer is also known as input
layer. This is where the data that has been selected as input is inserted into the ANN configuration. The
second layer is known as the hidden layer. The second layer consist of neurons, weights as the synapses that
connect all the neurons together. The third layer is the final and output layer that give away the processed
data or the result from the ANN configuration [33]. ANN can be configured into a number of different
configurations. Nevertheless, the most common and broadly used ANN configuration is the multilayer
perceptron with back propagation [17]. It is called back propagation because the error between the predicted
outputs from ANN with the target will be sent back to the hidden layer for weight adjustment [34].
Figure 2 [35] shows the configuration of the multilayer perceptron with back propagation network. Due to
the current computer technology, ANN has been widely applied in various engineering fields including
the PV field [36-39].

Figure 2. Configuration of the multilayer perceptron with back propagation of ANN
4.

APPLICATION OF ANN IN SIZING A STAND-ALONE PV SYSTEM
In this section, the literature review on the application of ANN in sizing a stand-alone PV system are
presented. The literature are selected based on the application of ANN in various aspect of PV system sizing.
The aspects include the sizing of the PV system’s components such as PV panels, batteries etc, the prediction
of load power, the prediction of the electrical power that is able to be generated by the PV system, finding
suitable tilt angle and so on.
One of the advantage of ANN that makes ANN suitable for sizing a PV system is that ANN has the
ability to learn the connection between the input and output parameters. ANN can be used to achieve that by
learning the previous recorded data [17]. This is also known as ANN training data. ANN acts like a “black
box” where in this “black box” the learning and training process take place. Previous researcher work in [17]
has applied ANN to predict the sizing coefficient of a stand-alone PV system. In this paper, a number of
different ANN configurations are tested compared. The result showed that ANN configuration that consists
of one hidden layer with 8 neurons gave the most accurate result. In addition, the ANN model developed in
this paper is very suitable and fits North African countries such as Algeria. From there, an amount of research
area can be done in order for this system to work in other countries especially Malaysia. This is due to the
fact that the climate of Malaysia is very different that the climate of North African countries. The climate
especially the amount of solar radiation have a great impact of the amount of electricity that the can be
generated by the PV system. The findings in [40] have also shown that ANN configuration of one hidden
layer with 8 neurons gave the most accurate output values. However, this does not mean that 8 number of
neuron is the best number for every ANN configuration. This is because that the number of neuron varies
from one ANN configuration to another depending on the type of data, size of data, initial weight value etc.
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The researchers in [20] has stated that ANN has been widely used in the field of renewable energy
such as the sizing of PV system in remote areas. They have also successfully applied ANN to predict the
sizing coefficient of a PV system. Also in this paper, they have improve the training system of the ANN by
combining it with genetic algorithm (GA). The results have proved that the improved the ANN structure is
able to predict the sizing coefficient of a PV system sizing curve with less initial information. The results
from this paper have proved the advantage of ANN which it can learn or discover the relationship between
the input and the target values even though the relationship is not clear or less informative. Other than that,
the combination of ANN and GA has opened a huge research area. This can be applied in various PV
application especially in the field of sizing a stand-alone PV system.
ANN in [41] has been applied to forecast solar irradiation and load power consumption for the PV
system. They have used and compared a number of different configurations such as different number of
layers, different set of inputs and different number of hidden neurons. This research has found out that the
different configurations will give effect to the ANN prediction’s accuracy. Different configurations can be
used to improve accuracy values. However, the method of determining the best or suitable ANN
configuration is yet to be discovered. This is because, as mentioned previously, different ANN configuration
varies from one application to another. Hence, a wide research area on this topic is available to be explored.
Ceylan et al. in [42] have used ANN to predict the efficiency of PV module for all regions in Turkey. The
ANN configuration consists of the measured solar radiation and measured PV module ambient air
temperatures as the inputs. While the ANN output is the PV module back side temperatures. PV modules
temperature were chosen as the output because PV modules temperature has great impact in the efficiency of
a PV system. The authors also have stated in this research work that ANN has been widely used to predict the
efficiency and maximum power of the PV system.
Baptista et al. in [37] have applied ANN to predict the electrical energy production by a PV system.
The prediction of electrical energy production by a PV system is very important in the sizing process for cost
and system efficiency. The ANN used consists of three layers which are the input layer, hidden layer and
output layer. The authors have raised one of the problem of applying ANN is the determination of number of
hidden neurons. This is because there are no specific methods to identify the correct number of hidden
neurons for each ANN configurations. Hence, this paper investigates two different methods to determine the
number of hidden neurons. Those methods are Kolmogorov’s Theorem and rule of thumb. This research
work has concluded that the Kolmogorov’s Theorem gave better results compared to the rule of thumb. In
addition, this paper has successfully applied ANN to the field that is most related to PV sizing which is the
energy that can be produced by the PV system. This technique can be further expanded into predicting the
output power from other PV components such as battery banks etc.
Arun in [43] has developed a two-stage ANN configuration for predict the sizing curve for the
stand-alone PV system in isolated areas in southern India. The first stage of the ANN configuration consists
of the geographical coordinates of the location as the inputs. The outputs for this first stage are the minimum
regulated PV array rating and the corresponding regulated battery capacity. In the second stage of the ANN
configuration, the geographical coordinates and the standardized PV array ratings are being selected as the
inputs, while the corresponding standardized storage capacities are selected as the outputs. This technique
can be further expanded into multiple stage of ANN configuration. Other than that, this research also can be
explored more using Malaysia’s climate.
Chatterjee and Keyhani in [44] have implemented ANN to predict the ideal tilt angle of PV array at
a specified location. This is to predict the amount of electrical energy generated from the PV array. The tilt
angle of the PV array is very important in order to make sure the PV array is able to generate maximum
electricity that the PV array is able to. Not only that, the tilt angle of the PV array can allow the rain water to
flow when raining. This research work has concluded that ANN has the ability to learn the nonlinear
relationship between the PV array tilt angles, latitude, ground reflectivity with the solar irradiation received
without any complex analytical method. Nevertheless, the identification of the tilt angle of the PV module is
very crucial in areas which is located closer to the earth’s poles such as the European countries and Australia.
For countries like Malaysia which is located near to the equator, the tilt angle is not much an issue since the
location of the sun is more less the same throughout the year.
5.

SUMMARY OF THE ANN IMPLEMENTATION IN SIZING A STAND-ALONE PV SYSTEM
It can be comprehended from the previous section that ANN has been widely used in the sizing of a
PV system. The ability of ANN to learn the non-linear relationship between input and output makes ANN
very suitable for this purpose whether to predict the size of PV panels or PV arrays, size of batteries, solar
irradiation etc. In addition, the previous section also conveys that there is a wide area of the application
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of ANN in sizing PV system that can be explore even more. These areas are explained more in the
following sub-sections.
One of the most common matters that the past researchers in trying to investigate is the suitable
number of neuron especially the works that have been done in [37, 40]. This is due to the fact that there are
no standard or suitable method to determine the number of neurons in the ANN. There is no guarantee that
the increase number of neurons can increase the accuracy of the ANN or vice versa. Some researchers such
as in [45] used 10 neurons in the hidden layer. This is because 10 number of neurons are the default neuron
number in the MATLAB ANN toolbox. Many researchers have come out with a number of method in order
to determine the suitable number of neurons [46-49]. The combination of GA in ANN is a good idea in order
to help determining the suitable number of hidden neuron.
Another research area in this topic is the determination of the input and output of number on
neurons in ANN. Similar to the determination of number of neurons, no specified method that is available on
how to select which data or information as the input. Besides that, the number of inputs or set of inputs are
also can be investigated in future research. As mentioned in [41], different sets of inputs will give different
level of accuracy of the ANN system. So for the PV system sizing, a number of sets inputs can be prepared.
Then compared these sets with the accuracy of the ANN. As far as the determination of the ANN’s output is
concerned, Section 4 has shown that the output can be whether any components of the PV system, the
energy produced by the system, the PV panel tilt angle and the temperature of the PV panel. This area can be
widen even more by including the size of other PV systems’ components such as the size of charge
controller and inverter.
Another research area in this topic that can be explore in future research is the improvement of the
ANN configuration. This can be done by combining ANN with other artificial intelligent configuration. For
instance, as discovered in [20], it is possible to combine ANN with GA. The combination of GA in ANN has
shown great potential in improving the performance of the ANN. Other than GA, ANN can also be combined
with fuzzy logic to create a configuration that can be called as Adaptive Neuro-Fuzzy Inference System or
ANFIS. ANFIS can be defined in detailed as a structural design that consists a combination of ANN with
Sugeno typed fuzzy logic. In ANFIS system, the ANN method such as back propagation is used to improve
the membership functions and rules of the fuzzy system [50]. Table 1 summarizes the research area that can
be done in sizing a stand-alone PV system with the application of ANN.
Table 1. Application of ANN in Sizing PV system
PV sizing method
Load analysis

Determination
number of PV
panels.
Sizing the size of
battery bank.

Sizing other
components such
as the size of
inverter and solar
charge controller.

ANN application research area
Apply ANN to forecast the total number of electrical load that is used by
the building/house.
The input of the ANN can be varied. For example, the usual types and
rating of the electricity appliances etc. Other than that, the weather
condition or location can be used as a part of the inputs.
ANN can be applied to predict the required number of PV panels.
The input of the ANN can also be varied. Input can be taken from the
equation used to calculate the number of PV panels.
Different ANN configuration can be used and tested.
ANN can be applied to predict the size.
The input of the ANN can also be varied. Input can be taken from the
equation used to calculate the size of battery bank.
Different ANN configuration can be used and tested.
ANN can be used to predict the size of inverter and solar charge controller.
The input of the ANN can also be varied. For example, the input from load
analysis can be used so that the ANN can learn the relationship between
load analysis and the size of inverter and solar charge controller.
Different ANN configuration can be used and tested.

6.

CONCLUSION
This paper has presented review of the ANN methods for sizing a stand-alone photovoltaic (PV)
system. The advantages of ANN especially the ability to learn the input output relationship with ample
training makes ANN suitable for the PV system sizing procedures. This paper also provide information based
on the review regarding the potential of the application of ANN in sizing a stand-alone PV system to be
explored more in future research. The configuration, input and output of ANN definitely can be investigate
more in the future in order to increase the efficiency of the ANN. From the literature review, ANN has
successfully be a part of the sizing procedure by predicting the sizes of PV panels, efficiency of the PV
panels, energy produced by the PV system and the tilt angle of the PV panel.
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