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Abstract

The sensitivity of mono-crystalline solar PV module towards dust accumula-
tion, ambient temperature, relative humidity, and cloud cover is investigated
from May to August 2015 for Niamey’s environment. Two solar modules with
the same characteristics have been used to carry out the impacts of the dust on
the solar PV module. One of the modules is being cleaned every morning and
the second one was used for monitoring the effect of dust accumulation onto
the surface of the unclean module for May and June. The ambient tempera-
ture around the solar PV module was recorded at the same time with the
output voltage and the output current to assess the impacts of ambient tem-
perature on the PV conversion efficiency. In addition to these field test mea-
surements, the solar radiation data measured in National Center of Solar
Energy (CNES) of Niamey were also used. Also the relative humidity for the
study area data obtained NASA power agro-climatology website was used.
Results show that the dust accumulation has the greatest impact on the per-
formance of the PV module followed by temperature, relative humidity and
cloud cover. Exposing the module in 23 days has reduced the energy output
by 15.29%. The power output and the conversion efficiency of the PV module
have dropped by 2.6% and 0.49% respectively. The relative humidity also has
reduced the energy output by 4.3 Wh/m?/day.

Keywords
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1. Introduction
1.1. Background

The renewable energy resources are becoming the mainstream energy resource
[1]. Among these renewable energy resources, the solar photovoltaic (PV) is the
most promising resource [2]. Indeed, PV production has been increasing by an
average of 20% each year since 2002, making it a fast-growing energy technolo-
gy. However, in 2009, the global cumulative PV installations have exceeded 21
GW [3]. The energy system in Niger as in most of sub-Saharan countries is faced
with a number of interrelated challenges: low energy access, insecure energy
supply and growing environmental degradation.

The per capita electricity consumption in Niger was less than 50 kWh and
about 75% of the population does not have access to electricity [4].

However, the country is endowed with high potential renewable energy. Ac-
cording to solar map for Africa, the country has on average a daily radiation
ranging from 6 to 7.5 kWh/m?/day. This high potential in solar energy is unde-
rused. Still in 2012, the total installed PV capacity was over 4 MW with 2772 kW
for telecommunications, 913 kW for water pumping, 199 kW in health sector, 88
kW for household, and 70 kW for education center [4]. The latest information
on solar on Solar PV energy development was in 2014 with a total install capaci-
ty of 5.2 MW.

Nevertheless, there is a growing investment interest in PV grid connection
and standalone system as the falling cost of PV in recent years brings the tech-
nology closer to grid parity in many parts of the world. Niger’s high electricity
generation cost is likely to provoke investor interest in introducing PV to the
grid. Also policy makers in Niger widely acknowledge the important role that
renewable energies can play in developing the power sector. Solar PV energy is
being promoted as reliable energy source that can contribute to reducing de-
pendence vis & vis of the imported electricity from Nigeria [4].

So in order to efficiently and economically use the photovoltaic solar energy,
there is a need to study the environmental parameters that can negatively impact
on its performance and to see how best one can reduce these impacts. Indeed,
the solar modules are rated under standard test conditions (STC, irradiation =
1000 W/m?, Tc = 25°C, AML1.5) [5]. These conditions are different outdoors. So
studying the impact of ambient temperature, relative humidity, dust accumula-
tion and cloud cover on the photovoltaic performance is of great important in a
hot and dusty environment like Niamey. Studying the impacts of these environ-
mental variables has already been done in some parts of the world [6] [7] [8].
Indeed, the performance of solar photovoltaic module is site specific. So, this
paper presents the impacts of environmental parameters on the performance of
solar PV module in Niamey and the daily energy that can be yielded from May
to August.

1.2. Aim and Objectives

The aim of this study is to assess the impacts of climatic parameters on the per-

DOI: 10.4236/sgre.2017.812025

380 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2017.812025

A. L. Bonkaney et al.

formance of solar PV module under the environmental conditions of Niamey. In

order to achieve this aim, the specific objectives have been achieved:

e Assess the impacts of climatic parameters (ambient temperature, relative
humidity, cloud cover, and dust accumulation) on the performance of solar
PV module.

o Estimate the daily energy yielded by the PV module under the environmental

conditions of Niamey.

2. Materials and Methods
2.1. Site of Study

Two sites located in Niamey have been considered in this work. The National
Center for Solar Energy (CNES, 2.107°E, 13.50°N) where global radiation is col-
lected from a pyranometer with a datalogger and the roof of the was cal’s build-
ing (2.095°E, 13.51°N) where the PV power is measured each 30 minutes. This
site has been chosen in order to avoid any perturbations (such as shading, ani-
mals, people...).

The two sites are shown in the Figure 1.

2.2. Experimental Set Up

Two PV modules (one is being cleaned every morning and other not cleaned)
are installed on the roof of Wascal’s building at the Faculty of Science and Tech-
niques of ABDOUMOUMOUNI University independently from each other.
Each one is set on a tilted metallic support of 15° (this angle has been chosen re-
garding to the angle of the pyranometer installed in CNES). Cables were used to
connect the modules to the charge regulators and from charge regulators to the
LED lights and the battery in order to have a closed circuit. The charge regula-
tors and the LED lights are fixed on a mockup placed where the measuring is
performed.

The digital multi-meter used is a handheld 31/2 multi-meter for measuring
DC and AC Voltage, DC and AC current, resistance, diode, transistor, frequen-
cy, capacitance and temperature. In this study, only DC current, DC voltage, and
temperature were measured.

The Table 1 shows the error associated with the measurements.

The picture of the experimental set up is summarized in Figure 2.

2.3. Measurement and Data Processing

From the Figure 3 the ambient temperature around was recorded and also out-
put current, and output voltage were recorded every thirty minutes for the two
modules. This allowed the estimation of the power output and the dust accumu-
lation effects on the solar PV output. The relative humidity data for the site is
obtained from NASA power agro climatology
http://power.larc.nasa.gov/common/php/Agro_ExSummary.php
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Figure 1. Map of study area [9].

Figure 2. Experimental set up [9].

2.3.1. Measurement and Data Processing

Maximum output current and voltage of the PV module were measured and
recorded daily at time interval of thirty minutes using a digital multi-meter for
the months of April, May, June, and partly July and August. From these record-
ed values, daily average and monthly average values of maximum power were

estimated using the following equation

P, =1#V )
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Figure 3. The digital multi-meter with a thermoelectric couple.

Table 1. Measurement errors of the various parameter.

Parameters DC Voltage DC Current Ambient Temperature

Error 1.4 mV 30 mA 0.005°C

With P, the power output of the PV module, 7 the output current, and the V'
the output voltage.
Furthermore, the daily energy produced by the PV module from 7 AM to 6:30

PM was estimated using the following equation:

Eg =D 2'P(t)*0.5 )

t=7:00

where Eis the daily energy produced by the PV module in Watt-hour/day, A #
is the PV output power for a given time, 0.5 is the interval time in hour. From this
result we easily estimated the daily PV output energy in watt-hour per square me-
ter (Watt-hour/m*/day) generated by this particular module and also the average
daily energy for each month (from April to August) using the Equation (3).

= _2iiBa

BT ©)

With E,, the average daily energy and n the number of days in the month.

2.3.2. Measurement of Temperature

A digital multi-meter is used to measure the ambient temperature. This aims to
study the relationship between ambient temperature and the PV output para-
meters. For that, the rotary switch is set at TEMP position and the key type
thermoelectric couple is connected to “V” and “COM” jacks. The zero (initial
value) is between 18°C to 28°C according to the relative humidity of the area. To
get the real temperature, we subtracted the initial value from the display temper-
ature value in degree Celsius.

2.3.3. Measurement and Data Processing

The correlation coefficient designed by the letter r is a coefficient that illustrates
a quantitative measure of some correlation and dependence, meaning statistical
relationships between two or more random variables or observed data values. In
this study the Pearson’s correlation coefficient given by the Equation (4) will be
used to quantify the statistical relationships between the PV output power and

the different parameters such as solar radiation and dust.
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- SR -P)(X,-X)
(X (R-P) =30 (%, - X

Where r is the correlation coefficient ranging from —1 to +1, P, is the PV

r

4)

output power at a given instant, P is the average PV output power, X, and

i
X, is the parameter and the average value of the parameter being correlated
with the PV output power respectively.

If ris closer to zero (0), there is no correlation or the correlation is weak. A
perfect correlation +1 occurs when the data point all lie on a straight line. If r=
+1, the slope of this line is positive and we have a positive correlation. In con-
trast, if r=—1 the slope of the line is negative, so we have a negative correlation.

For the values of r closer to one (1) the correlation is said to be strong.

3. Results, Analyses, and Discussion

This chapter will present and analyze the effects of solar radiation, temperature,
dust and cloud cover on PV power production and its efficiency as well as the
daily and monthly average of the PV output power. Then the interpretation of

these results will end the chapter.

3.1. Profile of Solar Irradiation and Ambient Temperature

The Figure 4 below shows the daily average profile of solar irradiation and am-
bient temperature. On the graph of solar irradiation (left) one can notice that all
the months have the same pattern of variation with the maximum in April and
minimum in August. Indeed, August represents the rainy month over the study

area with cloudy sky that blocks the incoming solar radiation.

3.2. Impact of Ambient Temperature on the Power Output and
Efficiency

High temperature decreases the output power and the conversion efficiency of

the module. Indeed the slope of the output power and the conversion efficiency

§ o v =3
(=]
o F
= o |
7 -
g /7
= O ¥ @
£ 81 ‘ 5
£ [
o g p
s \ il
E - J
3 o _|
8 — apily 81 TV — Apil
2 May May
— June — June
7 July July
o a4 August 0 o August
T T T T T T T T T T T T
8 10 12 14 16 18 8 10 12 14 16 18
Time in Hour Time in Hour

Figure 4. Average daily variation of solar irradiation and ambient temperature.
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are —2.6 W/°C and —0.49/°C respectively. In other terms it means that the out-
put power and the conversion efficiency decrease by 2.6 W and 0.49% respec-
tively when the temperature increases by 1°C. The Figure 5 shows the graph of
the efficiency and output power against the temperature. From this graph it is
clearly shown that the increase in ambient temperature has a negative impact on
both the output power and the conversion efficiency.

This is due to the fact that, when the temperature increases, the output current
increases slightly with high decrease of output voltage because of its exponential
behavior vis a vis of the ambient temperature. As a result, the overall power de-
creases and also the conversion efficiency.

The Table 2 summarizes the maximum, minimum, average temperature and
conversion efficiency from April to August.

From this table above, we observe three maximum conversion efficiency and
(April, June, and July) and three minimum conversion efficiency (May, July, and
August).

power output (watt)
efficiency (%)

s POWET

—EffiCieNncy

ambient temperature (°C)
Figure 5. effect of ambient temperature on conversion efficiency and PV output power.
Table 2. Summary of maximum and minimum values of ambient temperature and efficiency.
Ambient temperature (°C) Conversion efficiency (%)
Months
Maximum Minimum Average Maximum Minimum Average
April 39.1 36.01 37.4 16.31 12.99 14.09
May 43.02 36.7 40.4 14.54 11.51 12.81
June 40.7 32.8 38.5 16.24 11.62 13.67
July 38.76 304 34.2 17.10 10.88 14.08
August 39.65 28.9 329 14.92 10.61 12.66
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3.3. Impact of Dust Accumulation on the Performance of Solar PV
Module

In order to quantify the impacts of dust accumulation on the performance of the
PV module, two solar modules have been used. One of the modules is cleaned
every morning and the other one is left dirty. The output current, voltage was
recorded every thirty minutes. This allows estimating the derived parameters
such as power output, daily energy yielded and the conversion efficiency of the
two solar modules.

The Figures 6-8 show the impact of dust on the output current, voltage, pow-

er, conversion efficiency and the daily energy yielded.

3.3.1. Impacts on PV Current and Voltage
The dust accumulation has great impacts on the performance of solar PV. It af-
fects the output parameters that are the electrical current and the voltage. The

graphs below show the impacts of dust on the output current and voltage.

3.3.2. Impact on PV Power Output and Conversion Efficiency
The impacts of dust accumulation on the performance of power output and

conversion efficiency are shown in the Figure 7.

3.3.3. Impacts on the Daily Energy Output

The Figure 8 shows the relative variation of the daily energy output and conver-
sion efficiency caused by dust accumulation. From this graph, it is clearly shown
that this variation increase with time.

The general trend is that the energy output and efficiency decrease with time
of exposure. However, we were not able to establish a coherent relationship be-
tween dust accumulation and time because of other parameters such as wind
and rain. Indeed, in a windy and rainy days, the dust accumulated on the PV
module is watched out and thus reducing the dust impacts on the daily energy
output.

The daily energy obtained for the two solar PV modules after twenty-three

days of are summarized in the Table 3.
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Figure 6. Dust accumulation impacts on the output current and voltage.
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Figure 7. Dust accumulation impacts on the power output and conversion ef-
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Figure 8. Impacts of dust on the energy output.

Table 3. Daily energy output of clean and unclean module on June 23 2015.

PV Module Daily energy output
Clean module 484
Unclean module 410

From these tables, the daily output is reduced by 15.28% after 23 days of ex-

posure, which is very significant corresponding to 0.66% per day.

3.4. Impacts of Relative Humidity and Cloud Cover on the
Performance of Solar PV Module

The Figure 9 and Figure 10 show the effect of cloud cover and relative humidity
on the daily profile of PV power output.

From the graph, of Figure 9, it is observed that on cloudy the daily profile for
solar irradiance, ambient temperature is perturbed. These perturbations have
great impacts on the performance of the solar module by weakening the output

power and the conversion efficiency of the solar module.
During sunny and clear sky days the incoming solar radiation is not perturbed
(smooth profile) and the maximum values of irradiance and power are obtained
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Figure 9. Cloud cover impacts on the performance of solar module.
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Figure 10. Relative humidity impacts on the perfor-
mance of the PV module.

at solar noon resulting to a smooth profile of ambient temperature and conver-
sion efficiency. In contrast, in cloudy and rainy days, the observations are dif-
ferent due to high cloud intermittent.

On the graph of Figure 10, it is observed a decreasing trend of daily energy
when relative humidity increases. This can explain by the fact that high relative
humidity may participate to three different scenarios: diffraction, reflection and
absorption of solar irradiance. As a result the solar PV energy is reduced, as light

equals power.
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average daily power profile

3.5. Average Daily Profile of Power Output and Conversion
Efficiency

The Figure 11 shows the variation of the power output and the conversion effi-
ciency for the months April, May, June, July, and August. From these graphs, it
is clearly observed that both the highest values of the power output and conver-
sion efficiency are obtained around solar noon for all the months. However, in
July and August the curves of power output and conversion efficiency show
many fluctuations compared to the other months with quiet smooth and stables
curves. Furthermore, in July, between 4 and 5 PM, the efficiency curve shows a
strong decrease in efficiency due to the higher frequency of clouds around this

particular time.

3.6. Daily Energy Yielded by the PV Module under Niamey’s
Environment

In order to classify the different months in terms of daily energy output it is im-
portant to know the average values of each month. The Table 4 shows the aver-
age daily solar radiation and solar PV energy from April to August. From this
table, it is clearly observed that the highest daily energy production on average is
obtained in April (around 850 Wh/m?/day) and the lowest in August (below 700
Wh/m?*/day). The lower values of PV energy recorded in May and August are at-
tributed to higher values of ambient temperature and lower values of solar irra-
diance respectively. The lower values of solar radiation in August are caused by
the high occurrence of cloud during this month.

The Figure 12 gives the daily energy yielded from 7 AM to 63 PM for the
months of April, May, June, July, and August.

average dalily efficiency profile

power output (Watt)

o I I L

— APl
— V12Y 16
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efficiency(%)
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— M2
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Figure 11. Average daily variation of power output and conversion efficiency.

DOI: 10.4236/sgre.2017.812025

389 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2017.812025

A. L. Bonkaney et al.

1100

1000

200

800

700

600

500

s AP

400 —V2Y

3200

daily module energy output (watt-hour/m2/day)

s JULY

200

June

— ALQUST

100

10 15 20 25 20

days of the month

Figure 12. Daily PV energy yielded for months of April, May, June, July, and August.

Table 4. Average solar radiation and PV energy.

Months Solar Radiation (Wh/m?/day) PVenergy (Wh/m?/day)
April 5809 820
May 5576 736
June 5305 725
July 5403 728
August 4856 605

4. Discussions of Results

The impact of ambient temperature on solar PV module has shown that for an
increase of 1°C, a decrease of 2.6 W of power output corresponding to 2.6%.
Concerning to the module efficiency, an increase of 1°C induced a decrease of
0.49%. However, in theory, a value of 0.4% reduction in power output for an in-
crease of 1°C has been found by [10]. This difference between the obtained value
and the theoretical value is mainly due to climatic conditions of the study area.
Nevertheless, some similar works have been done throughout the world. The
results show also the same decreasing trend of power output and efficiency with
the increase of temperature [7] [11] [12]. However, this result is not in line with
the one found in the work Ref. [6] that showed the PV module is favorable to
high temperature study in tropical area.

Regarding to the relative humidity, the results of this work has shown also a
decrease in energy with increase of humidity. This can be attributed to the fact
that during high relative humidity the atmosphere contains a wide range of wa-

ter vapor particles sizes. So when light hits the water droplets, three scenarios
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may happen. It may be refracted, reflected, or diffracted. These effects plunge the
reception level of the direct component of the solar irradiance impacting on the
output power and on the daily energy output of the PV module. Similar results
were found in the work of Ref. [8] [13].

The dust accumulation also has a great impact on the power output of the
module. Indeed, up to 10% reduction in power has been observed for only 23
days. Similar works have been also carried out to assess dust accumulation im-
pact on the power output of the solar PV modules. In Pakistan, Ali et al found
for a period of three months, 20% and 16% decrease of output power for the
mono-crystalline and polycrystalline modules respectively [14]. The same work
has been done in Senegal for one year without cleaning the PV modules and that
resulted to a loss of 18% and 78% for the polycrystalline and mono-crystalline
respectively [15].

The daily energy of the clean module is higher than the unclean one. Exposure
of the module in June within 23 days without cleaning it has reduced the daily
energy output by 15.29%. Similar effects of dust accumulation on the PV energy
have been also found in other parts of the world; 32% reduction was found in
Saudi Arabia [16]. Another study carried out by Hassan et al. showed a reduc-
tion ranging from 33.5% to 65.8% for a period of one to six months respectively
[17]. In the tropical climate of Thailand, 11% of reduction has been observed for
the period of one month [18]. Then in United States, an average reduction of 1
to 4.7% in a two months’ period has been reported by [19]. All these results
show that the impacts of dust on the performance of solar PV module vary from

one location to another. Hence, this requires different studies at different sites.

5. Conclusions and Recommendations

This paper presented the effects of environmental parameters on the perfor-
mance of the PV module in Niamey and the average daily energy output pro-
duced by the mono-crystalline solar module on a tilted surface of 15° facing
south. So the results show that the effect of dust and temperature are more noti-
ceable in May and June. But in July and August, the cloud shadow and relative
humidity are the parameters that have great impact on the energy output of PV
module. The dust haze also has impact on the global solar radiation by weaken-
ing its direct component and also on the PV performance by enhancing the dust
accumulation onto the module.

So depending on time scale, one can rank the different parameters that impact
the performance of solar PV in Niamey. In a shorter term, cloud cover, relative
humidity, and ambient temperature have the greatest impacts whereas in a
longer-term dust accumulation has the greatest impact.

So for the future research, the following recommendations are suggested:

Performing the measurement on a moving position using a solar tracker.

Perform the measurement for all the months of the year in order to character-

ize the different seasons in terms of PV output potential.
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Measuring the PV output power, solar irradiance, relative humidity, and wind
speed, ambient temperature at the same time will improve the correlation coeffi-
cient results.

Use different types of PV module technologies in the market to compare the
impact of dust, temperature, on their performance in order to know which one

of these technologies is more suitable for the local environment.
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