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The effects of ambient temperature and wind speed on the performance analysis of a monocrystalline silicon solar photovoltaic
module have been analyzed in a particular location called Tripura, India, for the period of 2012-2013. The research work has been
carried out by monitoring the variation of module efficiency with ambient temperature and wind speed. A statistical analysis has
also been done and the result indicates that the values of correlation coefficient are 96% and 68% for ambient temperature and wind
speed, respectively, considering confidence level of 95%.The result shows that there is a strong positive linear relationship between
module efficiency and ambient temperature and amoderate positive linear relationship betweenmodule efficiency and wind speed.
The deviation from the standard test condition (STC) affects the generation of output power while designing green buildings in
Tripura.

1. Introduction

Since the use of energy has become an integral part of our
life, its supply should be secure and sustainable. The energy
requirement of the world is ever increasing. The increasing
energy demands put a lot of pressure on the conventional
energy sources. Therefore, there is a need for alternative
energy sources which can provide us energy in a sustainable
manner.

The obvious choice of a clean energy source, which is
abundant and could provide security for the future develop-
ment and growth, is the sun’s energy. Apart from this, sun
is also available to us indirectly in the form of wind energy.
Wind energy globally has a successful alternative technology
for electrical energy generation. Recently, there has been an
enormous increase in the understanding of the operational
principle of photovoltaic devices, which led to a rapid increase
in the power conversion efficiencies of such devices. Solar
cells vary under temperature changes which will affect the
power output of the cell. The researchers also indicated that

the desired efficiency of PV module can be achieved by
changing the ambient temperature around the PVmodule [1].

Solar modules work best in certain weather conditions,
but, since the weather is always changing, most solar pho-
tovoltaic modules do not operate under normal operating
conditions. The performance of a PV system depends not
only on its basic characteristics but also on the environmen-
tal issues. One such environmental issue like the ambient
temperature plays an important role in the photovoltaic
conversion process [2].

The solar modules are manufactured at STC, but when
they are used for domestic purposes in a particular area,
the environmental issues like ambient temperature as well
as wind speed also affect the performance of the module
for that particular locality. The solar module’s performance
varies with actual location and prevailing environmental
conditions to which they are subjected [3]. The photovoltaic
output performance varies with atmospheric factors. Since
the intensity of radiation is changing at every instant, it is
obvious that energy production by the solar cells will also
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be changing. It has been observed that the power delivered
by the PV systems at a certain instant is still very much a
function of weather factors [4].

The efficiency of the module has dependency on the
environmental parameters [5]. Meteorological data such as
solar radiation, ambient temperature, relative humidity, and
wind speed are accepted as dependable and widely variable
renewable energy sources [6]. Different types of modules and
arrays studiedwith different climates of different regions have
been taken into account by researchers [7]. Among all major
meteorological parameters, only ambient temperature and
wind speed have been considered for the present study.

The specification given by the manufacturer does not
actually give the accurate result while analyzing the per-
formance of the photovoltaic (PV) system; thus the local
environmental parameters must be taken into account [8].
In the north eastern region of India no such study has been
done before to check whether the specification given by
the manufacturer met the actual environmental conditions.
In our recent study we have considered the module of the
solar home lighting systems which are actually installed in
the premises of individual beneficiaries of rural and urban
areas of Tripura by the government authority. Now, in actual
case once the systems are installed, it is quite impossible
to monitor the performance of the systems. Photovoltaic
installations majorly get affected by cell temperature, soiling,
and so forth. But the functioning of solar devices at any
time depends on the ambient variables also. Here for this
reason an attempt has been taken to investigate how the
performance of the photovoltaic module affected by the
environmental parameters like ambient temperature and
wind speed. In the recent study, a statistical analysis has been
done with the Portable Statistica 8 software to show how the
ambient temperature and wind speed of the solar module are
correlated with efficiency. It is seen from the analysis that
there is a direct proportionality between ambient temperature
and solar photovoltaic module efficiency.

2. Materials and Methods

The experiment has been done with solar photovoltaic
module no. 03018119, manufactured by M/S Tata BP Solar
India Ltd., India, as shown in Figure 1. A digital multimeter
(M3900) is used to measure the short circuit current and
open circuit voltage. One digital thermometer (MS2101) has
been used to check the ambient temperature, anemometer to
measure wind speed, and TENMARS TM -207 solar power
meter to measure the intensity of the solar radiation as
follows:

solar type: monocrystalline,
maximum power: 37W,
cell area: 0.3239 sq.meters,
open circuit voltage: 21 V,
short circuit current: 2.50Amp,
voltage at maximum power: 16.4 V,
current at maximum power: 2.26Amp.

Figure 1: Solar photovoltaic module.

The daily efficiency (𝜂) of the PV module can be deter-
mined from the following relationship:

𝜂 =
∑
𝑖=𝑛

𝑖=1
𝑃𝑖

𝐴∑
𝑖=𝑛

𝑖=1
𝐸𝑖
, (1)

where 𝑃 = PV module power in watt and 𝐴 = PV module
area in square meter.

The values of efficiency were calculated for each day
for one hour interval and from that the daily monthly
average values were calculated. The daily monthly average
values of ambient temperature were calculated by the digital
thermometer.

For the present study the solar photovoltaic module was
placed on the roof top of Vigyan Bhawan, Agartala, Tripura,
India. General variation in efficiency with respect to ambient
temperature andwind speed has been evaluated from (1) with
the required data. The values of ambient temperature and
wind speed at an interval of 1 hour were recorded for each
day and from that daily average and monthly average values
of ambient temperature and wind speed have beenmeasured.
Table 1 shows the variation of monthly average values of
ambient temperature and wind speed fromMay 2012 to April
2013. Also monthly average values of efficiency of the pho-
tovoltaic module for the same period have been calculated
as shown in Table 1. The aim of the present study is to find
out the variation of efficiency of solar photovoltaic module
with ambient temperature and wind speed. Dependency of
efficiency of solar photovoltaic module on different factors
except ambient temperature and wind speed are neglected
for the analysis.The simple correlation coefficient 𝑅 has been
determined considering efficiency as dependent variable and
ambient temperature andwind speed as independent variable
separately.

Figure 2 shows the variation of monthly average values of
ambient temperature for the period ofMay 2012 to April 2013.
The ambient temperature varies with different months of the
year throughout the period of the study for a particular area.
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Table 1: Variation of efficiency with ambient temperature and wind
speed for the period fromMay 2012 to April 2013.

Month Ambient
temperature (%)

Wind speed
(m/s) Efficiency (%)

May 2012 33.9 2.6 13.32
June 2012 32.5 3.2 13.01
July 2012 32.4 3.8 12.98
August 2012 32.4 1.7 12.98
September 2012 32.4 1.3 12.98
October 2012 31.2 1 12.72
November 2012 28.6 1.1 12.14
December 2012 24.1 1.7 12.23
January 2013 21.2 1.2 11.50
February 2013 22.4 1.6 11.77
March 2013 35 4.3 13.56
April 2013 35.8 3.2 13.74
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Figure 2: Variation of monthly average values of ambient tempera-
ture and wind speed for the period fromMay 2012 to April 2013.

3. Results and Discussions

Figure 2 indicates the monthly average variation of ambient
temperature and wind speed for the period of May 2012
to April 2013. From the figure it is seen that the ambient
temperature got a peak value for the month of March,
April, andMay.Theminimum values of ambient temperature
found in the month of December, January and February. The
maximum values of ambient temperature are due to high
solar radiation.The temperature remains almost the same for
the rest of the months from July to September. Accordingly,
two distinct maximum values are observed in the month of
July and March for wind speed. For April and May there is
slight reduction in wind speed. For the period of August to
February the values of wind speed remain almost the same.

In Figure 3, the three-dimensional surface plot reveals
that the estimating ambient temperature, wind speed, and
output efficiency are closely related. It can be seen from this
figure that the correlation between the module efficiency and
ambient temperature/wind speed is nonlinear.
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Figure 3: Monthly average values of solar module efficiency for the
year 2012-2013.
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Figure 4: Monthly average values of solar module efficiency and
ambient temperature for the year 2012-2013.

Figure 4 shows the variation of monthly average values of
efficiency of the PV module against the ambient temperature
for the period of study. It is seen from the pattern of
the graph that the ambient temperature and efficiency are
correlated with each other. The statistical analysis shows
that the value of correlation coefficient (𝑅) is 0.9642, which
confirms that a strong positive correlation exists between
ambient temperature and efficiency. The regression equation
obtained from the analysis is

𝑌 = 8.6621 + 0.1355 ∗ 𝑋, (2)

where 𝑋 denotes independent variable ambient temperature
and 𝑌 denotes the dependent variable solar photovoltaic
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Figure 5: Monthly average values of solar module efficiency and
wind speed for the year 2012-2013.

module efficiency. Again the value of coefficient of deter-
mination (𝑅2) becomes 0.9297, which indicates that 92.97%
of the total variation in 𝑌 can be explained by the linear
relationship between𝑋 and 𝑌 (as described by the regression
equation). In other words, the regression line passes through
almost all the points which mean that there is a direct
proportionality between the two variables.

Figure 5 shows the variation ofmonthly average efficiency
of the PV module against the wind speed for the period of
study. Here, the value of correlation coefficient (𝑅) is 0.9642,
which means that there is a moderate positive correlation
between wind speed and efficiency. The regression equation
obtained from the analysis is

𝑌 = 8.6621 + 0.1355 ∗ 𝑋, (3)

where 𝑋 denotes independent variable wind speed and 𝑌
denotes the dependent variable solar photovoltaic module
efficiency. In this case coefficient of determination (𝑅2)
becomes 47.02% which explains a moderate positive linear
relationship between the module efficiency and wind speed
as 52.98% of the total variation in 𝑌 remains unexplained.

Different linear and nonlinear equations have been devel-
oped to correlate the PV module performance in terms
of electrical power output with the operating temperature.
Sansui et al. carried out statistical analysis where the favorable
conditions of conversion of solar energy to electricity have
been shown [9]. But in the recent study, the statistical analysis
has been done on correlation concept considering confidence
limit of 95% for the twodifferent ambient parameters, namely,
ambient temperature and wind speed. Also as Tripura is a
hilly area, the ambient temperature differs from the plane area
on different seasons. The analysis has been done for twelve
months period to cover seasonal effects.

4. Conclusion

In this paper, the effects of temperature on photovoltaic
module output performance were investigated. It is seen
from the result that the correlation between the efficiency
and ambient temperature is very good as compared to the
correlation between efficiency and wind speed. The ambient
temperature has a positive correlation with the efficiency
of the PV system which indicates that ambient temperature
plays an important role in performance analysis. Also, there
is a direct proportionality between the efficiency of the
PV system and the ambient temperature of the locality.
It can be concluded that the ambient temperature can be
preferred for predicting the performance of photovoltaic
module compared to wind speed for the present area of study.
Actually when the power plants are installed at different rural
areas of the state, it is seen that though themodules are placed
at due south, the output power generated does not meet the
desired level. This may be due to the modules manufactured
at STC. Therefore, the deviation from the standard test
condition affects the generation of output power. So, while
designing green buildings, these ambient parameters should
also be taken into consideration instead of considering only
the orientation of the solar PV modules.

Nomenclature

PV: Photovoltaic
STC: Standard test condition
W: Watt
V: Volt
Amp: Ampere
𝜂: Efficiency of solar module (%)
T: Ambient temperature (∘C)
r: Multiple correlation coefficient
A: Area of module
R: Correlation coefficient
𝑅
2: Coefficient of determination

X: Independent variable
Y : Dependent variable.
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