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Abstract

This paper presents the improvement of the existing module temperature model in forecasting
power output for photovoltaic systems. The proposed module temperature model was developed
by using a weight function technique. The weight function technique was created by using annual
data on a module temperature and solar irradiance. Then the researchers adjusted the simulated
graph trend to measure the weight function. The results showed the behavior of the proposed
module temperature and confirmed accuracy by comparison of measured data. It was found that
the root-mean-square error (RMSE) of the existing module temperature model ranged from
0.0257 to 0.0758 and the average RMSE was 0.0512, and the root-mean-square error (RMSE) of
the proposed module temperature model adjusted by weight function ranged from 0.024 to 0.076,
and the average RMSE was 0.0491.
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1.Introduction

One part of the renewable energy technologies is photovoltaic energy. The Photo-
voltaic power has been rapidly growing worldwide as one of the lowest cost options for
generating electricity (International Energy Agency, Trends 2015 in Photovoltaic
Applications, 2015). The amount of power from photovoltaic energy depends on solar
irradiance and module temperature (Garcia & Balenzategui, 2004).

The Module Temperature Model often works with the Forecasting Model of
Power Output in Photovoltaic Systems. The Module Temperature is one part of the input
for 1D5P Forecasting Model (Chouder et al., 2012; Ciulla et al., 2014). The 1D5P power
output forecasting model was an essential factor for the design and installation of the
photovoltaic systems. Generally, the 1D5P Forecasting Model of Power Output for
Photovoltaic System uses two input parameters consisting of solar irradiance and module
temperature. The temperature model was developed to integrate with the forecasting
model 1; its input parameter was employed to simplify the model (Dawan et al., 2018).

This research studied the improvement the Module Temperature Model in 1D5P
Forecasting of Power Output for Photovoltaic Systems by a weight function technique.
The power plants in Thailand have studied types of polycrystalline solar cells. The
module is 245 Wp/module. The module temperature model was verified for the purpose
model by comparison with measured data.
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2.Mathematical Model
2.1. Photovoltaic Module (Abdulazeez & Iskender, 2011)

The basic equivalent circuit of the photovoltaic module is shown in Figure 1. The
module consists of a current shunted through the intrinsic diode (lg): Ipn as photocurrent,
Ish as current of the shunt resistance, Vq4 as the voltage across the diode, V as the terminal
voltage, Rs as shunt resistance, and Rs as series resistance (Abdulazeez & Iskender,
2011).

Figure 1: The basic equivalent circuit of the photovoltaic module
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Iso is a short circuit current of each solar cell at the reference temperature
S is the solar irradiance on a plane W/m?
S is reference solar irradiance W/m?(1000 W/m?)
C. is temperature coefficient, in A/C or A/K
T is the ambient temperature in °C
T is temperature under the standard test conditions, in °C
The current through diode can find by
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q is the electron charge (q = 1.6 x 10™)
k is the Boltzmann constant (k = 1.3806505 x 10%%)
A is ideality factor of each solar cell, also called emission coefficient. It is around 2 for
crystalline silicon
V4 is the voltage across the diode
lp is reverse saturation current of the diode
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The current flows through the resistor defined as
V,
I, =—4 5
R (5)

The output power is dependent on the solar irradiance and temperature. To get the maximum
power, one has to control voltage and current to the maximum all time.
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2.2. Module Temperature Model
Effect of Irradiance and Temperature (Rekioua & Matagne, 2012)

Significant variable solar irradiance contributes to the efficiency of solar cells in
each area. This is an important point when it comes to application in each area as well as
the calculation photovoltaic systems installation when calculating the number of solar
panels to be used in each area, as shown below.

Figure 2.1: The effect of Irradiance on current and voltage of the photovoltaic module (Glaize,
2011)
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The intensity of the current is directly proportional to the solar irradiance, as
shown in high solar irradiance and high photocurrent. However, the voltage is almost
unchanged by the solar irradiance. The standard solar irradiance is the intensity of the
light.

Light is measured on the earth in clear weather and measured at the sea level in
the condition under which the sun is perpendicular to the Earth, with a light intensity of
100 milliwatts per square centimeter or 1,000 milliwatts per square meter. It is
approximately 75 milliwatts per square centimeter 750 MW per square meter, which is
equal to AM2; in the case of solar panels AM 1.5 will be used. It is the standard for
measuring panel performance, as shown in Figure 2.1

The current will not change with changing temperature. However, the voltage
(\Volts) will decrease as the temperature rises. On an average, every 1-degree increases.
This will reduce the voltage to 0.5%, and in the case of solar panels, the standard used to
determine the efficiency of the solar panel is at 25 degrees Celsius; for example, the solar
panel has an open circuit voltage (open-circuit voltage or V) at 21 volts at 25 degrees
Celsius.

A photovoltaic or PV module’s voltage output is actually a variable value that is
primarily affected by temperature. The relationship between module voltage and
temperature is actually an inverse one. As the module’s temperature increases, the voltage
value decreases and vice versa. This can be seen in the correlation in Figure 2.2 below.
The variable output voltage is an important factor for both cold temperatures and hot
temperatures, and both types of temperature must be considered during the system design.
When temperatures are cold, the PV module will increase in voltage. When it is hot, the
module’s voltage will drop. Both are simple and unavoidable facts in PV design. So as
long as you account for both properly, you won’t have any issues in the performance of
your array — at least not due to the voltages (Glaize, 2011).
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Figure 2.2: The effect of temperature module with current and voltage of the photovoltaic
module (Glaize, 2011)
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2.3. Weight Function Model
The weight function is a new technique for improving the accuracy of module
temperature model which was used in this research. This function was created by using
real data of focus area in a year data of that area was used to calculate in the model
(Kittisontirak et al., 2016).

2.4. RMSE
The Root Mean Square Error (RMSE) is a frequently used measure of the
difference between values predicted by a model and the values observed from the
environment that is being modeled. These individual differences are also called residuals,
and the RMSE serves to aggregate them into a single measure of predictive power.
The RMSE of a model prediction concerning the estimated variable Xmoger and is
defined as the square root of the mean squared error:

n
RMSE = \/Zi:;L(Xobs,i - Xmodel,i)2

n
where X5 1S 0bserved values, and Xnoqe has modelled values at time/place i.

The calculated RMSE values will have units, and RMSE for phosphorus
concentrations, for this reason, cannot be directly compared to RMSE values for a
chlorophyll concentration. However, the RMSE values can be used to differentiate model
performances in a calibration period within the validation period as well as to compare
the individual model performance to that of other predictive models (Chai & Draxler,
2014).

3.Research Methodology

This research was to improve the efficiency of the module temperature model in
forecasting power output for Photovoltaic System in the 1D5P model. Firstly, the module
temperature model is created by the effect of solar irradiance and the temperature module
as can be seen in block diagram in Figure 3.1 (Dawan et al., 2018).
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Figure 3.1: Block Diagram 1D5P Model 1 input
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The module temperature model in forecasting power output for Photovoltaic
System to increase accuracy by using a weight function which was obtained from
one-year measured data as shown in Figure 3.2. It was found that by using the weight
function with the newly developed model, the accuracy was verified as very high by
comparing with one-year measured data.

Figure 3.2: Structure of 1D5P Model 1 input with a weight function
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The procedures implemented in improving the accuracy of the newly developed
model are as follows:

Step 1: Calculate the average of the annual measured module temperature (Tmg)
and the average of the annual module temperature model (Tmmodery) at one value of solar
irradiance (G) on the day d as follows:

N

- 1 Ny
Tmy (6) = gzdiled (1)

— 1 Ny

Tm(mode[]y[:(;) = _Edzl Tm(mode[]d (2)

Ny

where Ny, is the number of days during the one-year time period.

Step 2: Create an equation in relation to solar irradiance and the average of the
annual measured module temperature (Tmg) and the average of the annual module
temperature model (Tmmoder)). Then, use the polynomial equation for fitting the data as
shown in Table 1:
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Table 1: The data used in the newly developed model

Parameter Value
Intercept -0.2001
Ay 0.0219
Measured
A, 3.00e-6
A; 3.00e-9
Intercept -0.4266
) Ay 0.0292
Simulated
A, 2.00e-6
Az 1.00e-9
Intercept 2.27e-1
A 7.30e-3
Weight function
A, -1.00e-6
Az 2.00e-9

Tony (@), Tontmoaen y(G) = Intercept + 4,6 + 4,67 + 4;,6°  (3)

where Try(G), Tmmodeny (G) is a function of annual module temperature from measured
and simulated, respectively

Step 3: From (4), the weight function was generated, which was used to improve
the accuracy of the model as follows:

Equation (5) shows that the simulated module temperature used in the newly developed
model Trmodery iIMproved the accuracy with the weight function:

T‘l‘fl' = T_—‘my [:G) - Tm(mode[]y (G: (4)
Tm(mode[] = Tm(mode[]y((;) + qu (5)

where T,, is a weighted function.
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4. Research Results

The module temperature model was created for the forecasting of photovoltaic
systems with solar irradiance. The relations of solar irradiance (ly) and the module
temperature (T,) are shown in Figure 4.1.

Figure 4.1: The relationship between solar irradiance ( Irr Jand Tm
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As seen, when solar irradiance increased, the temperature also increased in a
straight relation.

Then the solar irradiance measurement data was sent to the module temperature
model for temperature measurement before further sent to the output power-predicting
model. The temperature was then graphed to compare the actual temperature measure-
ment at the specific points of solar intensity, as shown in Figure 4.2.

Figure 4.2: The estimation values of module temperature model verses module temperature
measurement at various solar irradiance
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Figure 4.3: The estimated values of the module temperature model with module temperature
measurement and module temperature model adjusted by a weight function at various levels of
solar irradiance
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The RMSE from the module temperature model compared with RMSE from the
module temperature model adjusted by a weight function is shown in Figure 4.4.

Figure 4.4: The power output of the 1D5P model with 2 Inputs and 1 Input
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Figure 4.4 shows that the module temperature model compared with RMSE from
the module temperature model adjusted by a weight function, had their values of the
RMSE average for the entire year as 0.0512 and 0.0491, respectively. The results
indicated that the proposed model adjusted by a weight function obtained higher accuracy
in measurement.

5. Conclusion

The results of this study were the improvement the module temperature model in
forecasting power output for photovoltaic systems by using a weight function technique.
The results showed that the module temperature model was verified by comparing with
the module temperature model adjusted by a weight function. It was found that the
proposed model adjusted by a weight function obtained high accuracy in measurement.
The newly developed module temperature model provided a root-mean-square error
(RMSE) at 0.0491, which was greater in accuracy than the existing module temperature
model that carried a RMSE at 0.0512.
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