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ABSTRACT

This paper aim to study the impact of temperature on the power output of
photovoltaic modules in Kaduna State, Nigeria. Initially, a PVsyst simulation
software was used to analyze the output performance of the PV panel at
varying temperature. Secondly, an outdoor experiment was also conducted to
observe the performance in real time. In the experiment, two digital multi-
meters were used to measure the output parameters of a 120Watts mono-
crystalline and polycrystalline panel, while a temperature sensor (thermostat)
was attached at the back surface of the photovoltaic panel, which is closer to
the cell, in order to measure the PV panel temperature. The experiment The
measurement of all data was carried out daily for three (3) months which
captures three seasons; August, January and April, between 7:00AM and
6:00PM for an interval of 30mins. The result of simulation and outdoor
experiment clearly shows that increase in temperature consequently increases
the current output but decreases the voltage and power output of the PV
panel. It was also observed that the PV panel is supposed to attain its peak
point between 11:00AM and 2:30PM due to the angle of incident ray from the
sun, high solar irradiance and temperature, but the heat generated by the PV
panel in that region, as a result of the prolonged stay of the panel under the

sun, negatively affect the output voltage and power generation.

Keywords: pv panel, photovoltaic panel, polycrystalline, mono-crystalline,

temperature sensor, solar irradiance.

1. INTRODUCTION

The need for renewable energy is on a continuous rise due to the inefficiency
of power supply in Nigeria and some other developing countries of the world.
There is a global concern over the concentration of atmospheric increase of
carbon dioxide from environmental safety of energy production techniques,
greenhouse gas emissions, volatile energy prices to name a few [1-2]. The
resources of renewable energy are replenishing, readily available and are
environmentally friendly. This resource includes; hydro, solar energy,

geothermal, wind and biomass. Renewable energy which is considered as a
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remedy to the difficult nature of exhaustion of fossil fuels and the damaging (to both the inhabitants and soil) issuance and outflow
accompanied with their utilization of fossil fuels.

In Nigeria, many communities do not have access to the national electricity grid. As at 1996, only about 40% of the national
populations had been linked and these are largely in the urban areas [3]. Consequence to the shortage in energy supply, it has
become necessary to complement the conventional hydropower, gas and fossil fuel generation in the country by harnessing from
the abundance of the sun and other sources of energy supply. An Estimations of local, regional, and national, monthly, seasonal,
and annual solar irradiation in Nigeria abound [4][5][6][7][8].

It is well known that the efficiency and output power of the solar cells changes with temperature and solar irradiance level
[9][10][11]. Due to the abundance of the sun, solar energy technology has become one of the most needed alternative sources of
energy, and the best potential for solar PV power plants in Nigeria lies in the northern part of the country.

[12] Studied to determine the impact of environmental temperature on the performance of a standalone photovoltaic solar
system in Awka, Nigeria. The work revealed that an indirect proportionality exists between the ambient temperature of a locality
and the output power produced by the PV system. The average temperature of Kaduna State is most times higher than the
optimum operating temperature of the PV panel at STC, therefore may result in a significant reduction in PV power generation.
This study will help solar system designers, installers, manufacturers and government agency for works and housing to take into
account, the ambient temperature when designing and predicting the performance of the photovoltaic system in Chukun Local

government area of Kaduna State, Nigeria.

Mechanism of Photovoltaic p-n junctions

The mechanism of a photovoltaic p-n junction involves a light beam which comes in contact with the p-n junction of a photovoltaic
cell; the N-Type silicon dislodges an electron, creating a free electron and a hole. The free electron and hole has sufficient energy to
jump out of the depletion zone. Heat is generated as a result of the recombination of the newly created electric charge carriers
which are mostly recombined. This charge carriers may be electron-hole pairs in a solid semiconducting material or electron—ion
pairs in a liquid electrolyte [13]. The creation of the photovoltaic phenomenon is conditioned by separating these pairs before
recombination. This is done with the presence of an internal electric field due to spatial cargo. The movement of electrons in this
electric field is moved from p-type to n-type semiconductors and holes are moved from the n-type semiconductor to p-type, which
result in the separation of generated electron hole pairs as shown in figure 1.1. The Separated minority carriers on one side of the
connector are becoming majority carriers with limitless lifetime on the other side, thus they create current (Isc) and voltage (Vsc) of
a solar cell [14]. The resistance of the circuit multiplied by the square of the current is the power converted into electricity. The
temperature of the cell is elevated by the remaining power of the photon and dissipates into the atmosphere [15]. The Current-
voltage characteristics of the cell are a graph of the output current of the PV generator as a function of voltage at a given

temperature and irradiance.
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Figure 1.1: Basic p-n junction of photovoltaic cell and charge transport phenomena.
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Standard Test Condition (STC) For Photovoltaic Modules
The Standard test conditions (STCs) for a PV module performance are 25°C cell temperature, standard spectral distribution
characteristic of a 1.5 air mass (AM) and an incident normal irradiance of 1000W/m? [16]. Figure 1.2 shows a typical I-V

characteristics curve of a PV module [17].
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Figure 1.2: Typical I-V characteristic curve of a PV module (Abdul et al, 2014)

The power (P) is the product of current (I) and voltage (V) [18]. The fundamental equation which relates the parameters as a

result of the effect of temperature on the electrical efficiency of a PV cell can be expressed as [19]:
Pm = Ime = (FF)ISCVOC (1)

Where, Isc is short circuit current, Voc is open circuit voltage, FF is fill factor, Vmp is the maximum power voltage and Imp is the

maximum power current at the maximum power point in the modules I-V curve.

2. MATERIALS AND METHODS

Initially, PVsyst simulation software was used to analyze the output performance of the PV panel at varying temperature. The
determination of data used was done under standard test conditions (STC) with Irradiance of 1000 W/m?, Temperature of 25°C and
Air mass of 1.5 [16]. The aim of this simulation is to observe the influence of temperature on the output performance of a PV panel.

The available data for the PV panel used for outdoor were explore by the software as shown in Figure 2.1.

Definition of a PV module = B)OR

Basic diata | Gizes and Technology | Model parsmeters | Addiional Data | Commercial | Graphs |

Mokl [BOTETEM  Membeewe fD
File name  [BLD_12018M.PaN Data source |[Photon Mag, 2009
7] Driginal Pfsyst database Prod. from 2009 to 2013
Nom. Power[120.0 ‘Wwp  Tol -/+ |N/A [N % Technology |Simono -
[at STC)
M. ificati or other M, J Model summary J
il Main parameters 2
Reference conditions: GRef 1000 Wi/m? TRet |25 C R shunt 90 ohm
Shart-circuit cumrment lsc |7600 & Open circuit Voo (2190 Y RshiG=0] 400 ohm
Max Power Point: Impp (5800 A Vmpp |17.65 W R serie model  0.29 ohm
. " R serie max. 0.33 ohm
TemperirperdiEst  orks | [ERwvt Nb cells 36 in series R serie spparent 0.4 ohm
ormulsc [0.080  %/T Model parameters
Gamma 0.988
Internal model result tool ﬂ \oFisi 0.28 nA
Operating conditions GOper 1000 = Wit TOper |25 =] T muoc 70 mV°C
tax Power Point: Pmpp 1206 W ﬂ Temper. coeft.  -0.39 %/°C
Curentlmpp  7.01 & Volage Vmpp  17.2 W
Short-circuit cument lsc 7.60 A Open circuit Voo 21.9 W
‘ Efficiency / Cells area N/A % Module area 12,23 %

Figure 2.1: Data page for definition of PV panel
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In this study, the performance of the PV panel was also ascertained in an outdoor experimental. A 1Z20Wp Mono-crystalline and
Polycrystalline PV panel under study were placed side-by-side, on a vertically (Portrait) plain surface facing south. The
characteristics of PV was tested at the premises of Rana World Tech Engineering Limited, Narayi, Kaduna, which is located in
Kaduna South, Nigeria and lies on 10.4549°N latitude and 7.4057°E longitude. The measurement of all data was carried out daily for
three (3) months which captures three seasons; August, January and April, between 7:00 AM and 6:00 PM for an interval of 30mins.
Two MASTECH (MY64) Multi-meters were used; one had a temperature sensor (thermostat) attached at the back surface of the
photovoltaic panel which was used to measure the PV panel temperature, while the other was used to measure the ambient
temperature and electrical parameters of the PV panel. A summarized picture of the experimental set-up is shown in Figure 2.2. The

power generated by the PV panel was estimated using the equation [20]:
Pmax=1Isc* Voc @)

Where Pua=Power output of the photovoltaic module
Ise = short circuit current

Voc= Open circuit voltage

Polycrystalline Mono-crystalline “

Solar panel Solar panel
Temperature -

= Ll | sensor

Figure 2.2: Photographic view for outdoor experiment

3. RESULTS AND DISCUSSION
Output Performance of PV panel based on PVsyst Software

Cirent [4]
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Figure 3.1: I-V characteristics of PV panel at constant 1000W/m? irradiance and varying temperature
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The PV panel which considered as a crucial component in a PV system is expected to perform at its best during high solar
irradiance, but contrary, the performance is deterred due to the heat generated by PV panel. Figure 3.1 shows distributive
temperatures of PV panel and the resultant power output of the PV panel at constant irradiance. Base on the variations of panel
temperature, these figures also shows the curves for power voltage (P-V) and current-voltage (I-V) characteristics.

Initially when temperature was 20°C at constant irradiance, the voltage recorded was 22.2V while the current was 7.6A, but as
the temperature rise to 35°C, the voltage drop to 21.1V while the current increased slightly to 7.7A. As the temperature continues to
rise to a point of 80°C, the voltage drop was recorded at 18V while the current increased to about 7.9A. The effect of temperature
also applies to the power output of PV module; as power decreases with increase in temperature as shown in figure 3.1. By
analyzing the behavior of the figures, as the temperature of the PV panel increase, it causes a gradual decrease in voltage output
and slight increase in the current output of the PV panel. It is observed from the figure that the PV panel loses about 5% (5Watts)
power for every 10°C its temperature. By analysis, the PV panel at temperature of 80°C recorded a minimum power output of

93.8Watts, whereas the maximum output power at 20°C was recorded as 123Watts (see figure 3.2).

T —
Incident Irrad. = 1000 Wim*

Cels temp. =20 °C, Pmpp = 123.0 W

120 Cells temp. = 35 °C, Pmpp = 115.8 W Ny
Cels temp. = 50 °C, Pmpp = 10886 W
Cels temp. =85 °C, Pmpp=101.3 W
Cels temp. = 80 °C, Pmpp=93.8W -

100 |
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Power [W]
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i} 5 10 15 20 25

Volage [V]

Figure 3.2: P-V characteristics of PV panel at constant 1000W/m?irradiance and varying temperature

Output Performance of PV panel under outdoor condition

Normally, as the solar irradiance continue to intensify, the ambient temperature increases and thereby increasing the temperature
of the PV panel. The heat generated by the panel was due to a prolonged exposure of the PV panel to the sun. Table 1 and 2 shows
the behavior of the PV modules Electrical parameters during the outdoor experiment at different temperature and intensity of solar
irradiance. The average temperature at twilight was at 22°C, but as time went by, the sun surface and the irradiance of the sun
started increasing. The maximum ambient temperature was recorded between 11:00 noon and 3:00PM at an average of 32°C. The PV
panel recorded a maximum average temperature of 44°C while the minimum average temperature recorded was 22°C at the lowest

solar irradiance.

Table 1: Average value for 120Wp Monocrystalline

TIME AMBIENT PHOTOVOLAIC Voc Isc Power
TEMERARE (°C) | TEMERARE (°C) V) (A) (Watts)
7:00AM 21 21 14.16 | 0.52 | 7.3632
7:30AM 22 22 15.89 | 0.89 | 14.14
8:00AM 22 25 18.76 | 1.45 | 27.20
8:30AM 26 28 20.36 | 1.72 | 35.02
9:00AM 29 31 20.78 | 298 | 61.92
9:30AM 31 34 20.86 | 3.28 | 68.42
10:00AM | 30 34 2096 | 4.3 90.13
10:30AM | 32 36 20.88 | 448 | 93.54
11:00AM | 32 37 2048 | 4.66 | 95.44
11:30AM | 32 39 19.68 | 4.75 | 93.48
12:00PM 33 40 19.44 | 4.79 | 93.12
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12:30PM 32 41 18.96 | 4.9 92.904
1:00PM 32 42 18.48 | 5.02 | 92.77
1:30PM 31 43 18.08 | 5.11 | 92.39
2:00PM 32 44 17.68 | 519 | 91.76
2:30PM 30 44 17.67 | 5.2 91.88
3:00PM 29 43 18.07 | 3.46 | 62.52
3:30PM 28 42 18.89 | 2.5 47.23
4:00PM 26 37 18.97 | 2.05 | 38.89
4:30PM 26 33 18.45 | 1.69 | 31.18
5:00PM 21 31 16.79 | 1.51 | 25.35
5:30PM 22 28 16.9 1.45 | 2451
6:00PM 22 25 1422 | 1.24 | 17.63

Table 2: Average value for 1220Wp Polycrystalline

TIME AMBIENT PHOTOVOLAIC | Voc Isc Power
TEMERARE (°C) TEMERARE (°C) | (V) (A) (Watts)
7:00AM 21 21 1418 | 0.51 | 7.2318
7:30AM 22 22 1591 | 0.88 | 14.00
8:00AM 22 25 18.78 | 1.44 | 27.043
8:30AM 26 28 20.38 | 1.71 | 34.85
9:00AM 29 31 20.8 297 | 61.78
9:30AM 31 34 20.88 | 3.27 | 68.28
10:00AM 30 34 20.98 | 4.29 | 90.00
10:30AM 32 36 20.9 447 | 9342
11:00AM 32 37 20.5 4.65 | 9533
11:30AM 32 39 19.7 | 474 | 93.38
12:00PM 33 40 19.3 4.81 | 9283
12:30PM 32 41 18.9 4.85 | 91.67
1:00PM 32 42 18.5 491 | 90.84
1:30PM 31 43 1798 | 5.02 | 90.26
2:00PM 32 44 17.76 | 5.08 | 90.22
2:30PM 30 44 17.69 | 5.1 90.21
3:00PM 29 43 18.45 | 3.45 | 63.65
3:30PM 28 42 1891 | 2.49 | 47.09
4:00PM 26 37 1899 | 2.04 | 38.74
4:30PM 26 33 1847 | 1.68 | 31.03
5:00PM 21 31 16.81 | 1.5 25.22
5:30PM 22 28 16.92 | 1.44 | 24.36
6:00PM 22 25 1424 | 1.23 | 1752

Temperature Vs Voltage Characteristics

From the experiment it was observed that the maximum voltage was recorded between 9:00AM and 11:30AM, but as the ambient
temperature intensifies and the PV panel temperature began to increase between 11:00AM and 3:00PM, during this peak hours of
solar radiation, it was observed that the voltage of the two crystalline module started experiencing a slight reduction in voltage. The
temperature of the PV module was observed to be more than the ambient temperature as shown in table 1 and 2. From the
experiment, it is clear that voltage of a PV modules decrease as the cell temperature rises; this negative effect is common to both
mono-crystalline and polycrystalline modules. Figure 3.3a and 3.3b presents a graphical representation of the Influence of

temperature on the voltage of both mono-crystalline and polycrystalline module.
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Figure 3.3: Influence of temperature on the open circuit voltage (Voc) of a PV module

Temperature Vs current Characteristics

Fig.3.4 describes the overall average behavior of current throughout the experiment. It was observed that the PV panel output
current increases as the intensity of the sun and the PV panel temperature increases. This current increase was observed at a peak
solar irradiance from 11:30A.M to 3:00P.M. At 2:00P.M, the average temperature recorded was 37°C and the maximum output
current produced was 5.1A, but at PV temperature of 22°C, only 0.52A was produced. The average maximum open circuit current
recorded was between the hours of peak solar radiation and high temperature as shown in table 1 and 2. It was observed that at a
low radiation and minimum PV temperature, the PV output current is low. Thus, the PV panel output current is directly
proportional to solar irradiance. Figure 3.4a and 3.4b presents a graphical representation of the Influence of temperature on the

current on both mono-crystalline and polycrystalline module.
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Figure 3.4: Influence of temperature on the short circuit current (Isc) of a PV module

Temperature Vs power output Characteristics

The voltage and current of the PV panels was measure in other to obtain the power produced by the panel. The power outputs of
the PV panel at every point in time were calculated by using equation 2. Table 1 and 2 presents the average output power generated
by the PV panel during the outdoor experiment. The output power which is supposed to significant rise to its peak between
11:00am and 3:00pm was observed to reduce gradually as the temperature of the PV panel continue to rise above the STC. The
decrease was as a result of the negative effect of high temperature on panel open circuit voltage. The major productions of solar
energy were recorded between 8:00AM and 11:00PM. During peak hour of solar radiation, the maximum power (95.44W) was
recorded at PV temperature of 37 ©C, whereas the minimum (91.88W) was recorded at 44°C. Figure 3.5a and 3.5b presents a

graphical representation of the Influence of temperature on the current on both mono-crystalline and polycrystalline module.

ﬁﬁﬁﬁﬁﬁ

PVTEMPERATURE (oC) —p tts)
Fig. 3.5b Polycrystalline panel

Figure 3.5: Influence of temperature on the power output of a PV module.
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4. CONCLUSION

The impact of ambient temperature on the parameters of Photovoltaic module in Kaduna state, Nigeria was investigated. The

report of this experiment was carried out via PVsyst software simulation and an outdoor experiment. The result of the experiment

shows that the heat generated by the PV panel between the periods was as a result of the prolonged stay of the panel under the sun,

which negatively affects the output voltage, thereby affecting the power generated by the PV panel. This explains the relationship

that exists between the ambient temperature and power output of the photovoltaic module in that locality. This experiment goes to

show that the ambient temperature is a factor that must be considered when predicting and designing the behavior of mono-

crystalline and polycrystalline solar panel in that locality.
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