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ABSTRACT 
 

A thorough experimental investigation was carried out to diurnally analyze the performance of 
photovoltaic systems deployed for domestic purposes under the guinea savannah atmosphere in 
Ogoja, Cross River State, Nigeria. In this study, the time of day to expect maximum efficiency from 
the photovoltaic (PV) module is shown, and the time of day that the panel temperature will exceed 
it maximum operating cell temperature is also shown. Instruments employed in the process include 
a digital solar power meter, digital hygrometer, digital infrared gun thermometer and a digital high 
precision photovoltaic panel maximum power point tracker (MPPT) to track and determine the 
maximum power, voltage and current produced by the photovoltaic module. The result shows that 
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the highest level of efficiency was attained at 14:30 which reveals that the climatic condition which 
occurs at 14:30 is the most favorable for PV systems deployed for domestic purposes at the 
location. The study shows that 42% and 40

0
C is the best relative humidity and PV temperature 

level for optimum PV efficiency at this location. In addition, the temperature of the study location 
appears encouraging as on average, the panel temperature will rarely exceed the maximum 
operating cell temperature for months besides January and march in which a cooling mechanism to 
regulate the panel temperature may be needed to avoid a massive loss in efficiency. An altitude of 
85m above sea level makes the location relatively favorable for receiving intense solar radiation. 
With 90% efficiency assured, the location can be seen as suitable for generating electricity via PV 
technology and installing solar farms for commercial purposes. 
 

 
Keywords: Time of day; Ogoja; climatic factors; PV technology; efficiency. 
 

ABBREVIATIONS 
 
PV : Photovoltaic 
Vmp : Voltage at maximum power 
Imp : Current at maximum power 
Pmp : Power at maximum power 
Pmea : Measured power 
Pmax : Power at STC  
MPPT : Maximum power point tracker  
STC : Standard test condition 
Amp : Ampere 
Fig : Figure 
 

1. INTRODUCTION 
 
The war between Russia and Ukraine has 
brought about a significant shortage in fossil fuel 
products worldwide leading to an untold spike in 
the cost of these products [1]. Electrical power 
generation through the use of fossil fuel by 
people in bucolic areas which has no access to 
grid electrification now finds it difficult to generate 
electricity as the price of fossil fuel product 
continues to surge [2]. Utilizing fossil fuel 
products for the generation of electricity has an 
undesirable effect due to the role it plays in 
contributing to climate change globally. 
 

Energy security coupled with the impending 
collapse of fossil fuel reserves and the issue of 
global climate change have triggered 
technological advancement in renewable energy 
[3]. Irrespective of the fact that almost 80% of the 
world’s energy is generated through fossil fuel 
[3], it is expedient to consider renewable energy 
as a solution towards combating the looming 
energy security threat.  Renewable energy has 
become very valuable due to its unlimited nature 
coupled with its technology that has very little 
impact on environmental dilapidation. The 
available renewable energy sources include 
biomass, geothermal, solar thermal, tidal and 

wind, but intense devotion is directed towards 
solar energy [4]. 
 
In Nigeria, a grid electricity supply is irksomely 
epileptic. This epileptic nature has significantly 
contributed to the lethargic growth of the 
country’s economy [5-6]. Moreover, with the 
current state of Nigeria and its policies that are 
politically driven because its economy is majorly 
driven by crude oil, the adoption of grid-tie 
photovoltaic systems to combat its epileptic 
power nature is not visible even in the 
foreseeable future. However, with the application 
of stand-alone/off-grid photovoltaic systems, 
electricity can be made available to rural 
settlements that are settled 200 kilometers from 
the closest electric grid connection, thus paving 
way for them to have access to clean electricity 
which will enable them pump clean water from 
underground aquifers for drinking or watering 
crops or cattle. In addition, stand-alone/off-grid 
photovoltaic systems can also pave way for 
electricity to be provided to stations for data 
surveying and transmission (meteorological, 
seismic and fires) and remote transmitter stations 
in mountain regions to enhance communication 
without building roads to deliver diesel fuel for its 
generator [7-8]. If Nigeria desires to realize the 
level of socio-economic development it craves, 
then its population must get sufficient and cost-
effective supply of energy [9]. 
 
Since energy has become very valuable in our 
life, its supplies should be sustainable and easily 
accessible. The energy demand of the world 
today is escalating leading to enormous pressure 
on conventional sources. The pressure on the 
existing conventional sources plays a significant 
role in directing attention toward alternative 
sources of energy that sustainably ensure the 
availability of energy. The reliable option for a 
clean energy source, which can guarantee 
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energy security coupled with its abundant nature 
is the sun’s energy [10]. 
 
The Photovoltaic (PV) system which is designed 
for the generation of electricity through the PV 
effect is a well thought-out technology for the 
harvesting of solar energy [11-13]. The PV 
technology is dominant in the solar energy sector 
and has revealed that it can generate electricity 
for an extensive range of applications, scales, 
geographic locations and climates. 
 
The operation of PV systems envelops different 
features which include solar cell technology, 
charge controller technology, battery type and 
inverter design. Regardless of these amazing 
features, PV systems are still affected by climatic 
factors including solar power, relative humidity, 
temperature variations, aging of the solar cell, 
dust accumulation and wind speed [14-16]. At 
the moment, the PV system’s conversion 
efficiency is estimated at diverse efficiencies 
which lie between 7 and 40% [17-18], though 
they are designed and manufactured to function 
best in certain weather condition called standard 
test condition (STC). But when they are deployed 
for domestic purposes in a specific location or 
region, climatic factors such as relative humidity 
as well as temperature affect the efficiency of the 
system for that specific location or region. The 
shift or variation in the performance of a PV 
system for a specific location or region is a result 
of the changing weather conditions, hence, 
forcing PV modules to function under conditions 
different from the normal operating condition they 
were initially designed for.  
 
PV system performance does not only depend 
on its amazing features but also on the climatic 
factors to which it is subjected, which is related to 
the actual location of installation [19]. One of 
such climatic factors as relative humidity plays a 
vital role in its performance. Since at every 
instant solar radiation intensity is changing 
continuously, then electricity production by PV 
systems will also be changing. Hence revealing 
that the energy generated by PV systems at any 
instant is still very much a function of climatic 
factors [20-21]. 
 
Numerous researchers have presented studies 
on the performance of PV systems under 
different climatic conditions, but much of the 
information accessible is only coherent for a 
particular region or location. Generally, there is a 
deficiency of germane information on the diurnal 
analysis of photovoltaic performance in Guinea 

Savannahs especially in Nigeria that can be 
efficiently employed in the design and sizing of 
PV systems. Different types of PV modules and 
systems have been studied in different climates 
of different geographic locations and taken into 
account by researchers [22]. Among all the key 
climatic factors, only solar power, relative 
humidity and temperature have been considered 
for this study. 
 
PV module specifications by their various 
manufacturers do not truly conform to outdoor 
results when analyzing the performance of PV 
systems, hence climatic factors at the location of 
installation must be taken into consideration [23]. 
In the northern part of Cross River State, Nigeria, 
no such study on diurnal analysis of PV systems 
has been done before to confirm if the 
manufacturer specification conforms with the 
climatic conditions. In an actual scenario once 
the system is installed, it is very difficult to 
monitor the system performance as it can be 
easily affected by soiling, shade and so forth. But 
the performance of the system at any instant 
largely depends on climatic factors. For this 
reason, steps have been taken to analyze the 
performance of PV modules diurnally. Utilization 
of PV module in locations with very high relative 
humidity will adversely affect its efficiency 
because the module will not receive the 
recommended level of radiation for it to function 
optimally, since water droplets in the atmosphere 
will obstruct radiation from reaching it [24-28]. 
Also, operating PV modules in locations with very 
low relative humidity will enhance the module 
temperature to rise beyond its maximum 
operating cell temperature, hence module 
performance will be hindered [29-35]. 
Unawareness of which time of day PV systems in 
specific locations are most efficient and might 
need thermal regulation leads to improper 
maintenance of the system and even loss of a 
significant amount of energy. This study offers 
information that may enable users to healthier 
maintenance of PV systems and gain more 
power output. 
 
This location is chosen for the study because of 
its elevation above sea level and its climate. This 
region often experiences epileptic power supply 
that has hinder the growth of socio-economic 
activities. A huge percentage of people in this 
region has difficulty or no access to grid 
electricity, which has led them to source for 
alternative form of energy. However, a 
percentage of the population in this region has 
adopted solar energy as a viable means for 
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electricity generation but they complain of 
photovoltaic systems been ineffective in meeting 
their daily power needs, hence the need for this 
study to enlighten the population of when to 
expect maximum efficiency from PV systems and 
also to enable engineers into designing efficient 
PV systems for this region. The crystalline PV 
technology is the technology that is dominant in 
the Nigeria’s market which has led to its wide 
usage in Nigeria, but the polycrystalline PV 
technology is the cheapest and most easily 
accessible, especially in this location.  
  

2. MATERIALS AND METHODS 
 

2.1 Materials Employed in This Study 
 
A polycrystalline PV technology of the model AF-
130W manufactured by Africell solar with a rated 
maximum power of 130W. The electrical 
characteristics of the technology are presented in 
Table 1. An intelligent digital photovoltaic panel 
maximum power point tracker (MPPT) of the 
precision model WS400A was employed to track 
and determine the maximum power, current and 
voltage generated by the PV technology as 
revealed in Fig. 1a. A digital hygrometer of the 

model KT-908 as shown in Fig. 1b was employed 
for effective tracking of the humidity level at the 
surface of the PV technology.  While the amount 
of solar power reaching the surface of the PV 
technology was monitored with the aid of a digital 
solar power meter of the model SM206 as 
displayed in Fig. 1c. The surface temperature of 
the PV technology was accurately determined 
with the aid of a digital infrared gun thermometer 
of the model GM320 as shown in Fig. 1d. 
 

Table 1. PV technology manufacture 
specification 

 

Electrical specification Value 

Maximum Power 130W 
Current at Maximum 
Power 

7.18A 

Voltage at Maximum 
Power 

18.10V 

Short Circuit Current 7.91A 
Open-circuit Voltage 21.72V 
Number of cells 36 
Module dimension  
Manufacturer 
Model 

1480mm*670mm*
35mm 
Africell solar 
AF-130W 

 

 
 

 
          (a) MPP tracker                            (b) Hygrometer     (c) Solar power meter 
 

 

 

 
 

 (d)  Infrared gun thermometer       (e) Solar charge controller            (f) Solar gel battery 
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                                                                            (g) Inverter 
 

Fig. 1. Instruments used in data acquisition / materials used for the experimental setup 
 

2.2 Experimental Setup 
 
The PV technology was installed horizontally flat 
facing the sun on a platform one metre above 
sea level. Cables were connected from the 
output of the PV technology to the input of a two-
way switch. One output of the two-way switch 
was connected to the MPP tracker from which 
the maximum power points of the PV technology 
were tracked as described in Fig. 2. While the 
other output of the two-way switch led to the 
input of the solar charge controller (Fig. 1e). The 
output of the charge controller was connected to 
the solar gel battery (Fig. 1f) for smooth charging 
of the battery. Form the battery loads were 
powered via an inverter (Fig. 1g). 
 

2.3 Measurement Procedure 
 
 Measurements were taken for a duration of four 
months (July to October) from 6:00 to 18:00 with 
an interval of 30 minutes between each 
measurement. In obtaining data, the time of day 
was noted, while the power, current and voltage 
from the photovoltaic module were ascertained 
with the aid of the intelligent PV panel MPP 
tracker. The humidity level, the surface 
temperature and the amount of solar power 
reaching the surface of the PV technology were 
measured through the digital hygrometer, digital 
infrared gun thermometer and digital solar power 
meter respectively. 
 

2.4 Data Processing and Measurements 
 
This study was conducted in real-time outdoor 
conditions with varying climatic factors. The open 
circuit voltage Voc, the instantaneous voltage Vmp 
and Current Imp at maximum power as well as 

Pmp under a particular real-time climatic condition 
were measured directly through the intelligent PV 
panel MPP tracker. The PV technology efficiency 
is considerably influenced by the voltage and 
current it can produce which in turn is                  
affected by several climatic factors and 
maintenance. The current at maximum power 
Imp, the voltage at maximum power Vmp and the 
open circuit voltage Voc of the PV module are 
greatly influenced by several parameters, 
including design of the PV system, maintenance 
of the PV technology, and temperature (T), and 
can be determined via (1) and (2) respectively as 
shown by [36]. 
 
2.4.1 Load current 
 

         
  

                               (1) 

 
2.4.2 Open circuit voltage 
 

    
   

 
   

   

  
                                            (2) 

 
Where Iph is the photogenerated current, I0 is the 
diode reverse saturated current, q is the electron 
charge, KB is the Boltzmann constant, T is the 
absolute temperature, and V is the voltage at the 
terminals of the PV module. 
 
According to [37] (2) can be approximated and 
reduced to (3) 
 
2.4.3 Open circuit voltage approximated 
 

    
   

 
   

   

  
                           (3) 

 
According to [38], the photogenerated current Iph 
is equal to the short circuit current Isc and is 
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Fig. 2. Experimental setup 
 
closely related to the photon flux incident on the 
PV modules and given as (4) 
 
2.4.4 Short circuit current 
 
                                     (4) 
 
Where H is the incident solar flux and b is a 
constant that depends on the junction properties 
of the semiconductor.  
 
In contrast, from the data obtained, the 
normalized power output efficiency was 
computed by with (5) as shown by [39]. The 
efficiency of the PV technology at STC was 
confirmed via (6) as shown by [40]. 
 
2.4.5 Normalized power output efficiency 

 

   
    

    
                              (5) 

2.4.6 Module efficiency 
 

     
                                 

                                    
           (6) 

 
Where Pmea is the measured power at maximum 
power points, while Pmax is the maximum power 
of the PV module (as specified by the 
manufacturer) at STC.  
 

2.5 Study Area 
 
Ogoja which has an elevation of 85m above sea 
level, is situated on longitude 8

0
47’57.23” E and 

latitude 6
0
39’30.24” N in Cross River State 

(South part of Nigeria). Ogoja has the tropical 
savanna climate prevailing, the raining season is 
warm, oppressive, and overcast. At the same 
time, the dry season is hot, muggy, and partially 
cloudy. Throughout the year, the temperature 
usually varies from 18.3°C (65°F) to 32.2°C 
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(90°F) and hardly drops below 15.56°C (60°F) or 
rises above 33.89°C (93°F) [41]. The mean 
temperature throughout the year in Ogoja is 
26.78°C (80.2°F). The warmest month, on 
average, is March, with a mean temperature of 
29°C (84.2°F). while the coolest month on 
average is July, with a mean temperature of 
25.5°C (77.9°F). Throughout the year, the mean 
relative humidity is 76%, and the annual wind 
speed is 3.68m/s [42]. Furthermore, January is 
the least humid month with a mean relative 
humidity of 29%, while August is the most humid 
month with a mean relative humidity of 86% [43]. 
But the location of this study is the Cross River 
University of technology (CRUTECH) campus at 
Ogoja, with bearing of Longitude 8

0
46’23.1” E 

and Latitude of 6
0
37’35.4”

 
N. 

 

3. RESULTS AND DISCUSSION 
 
This section presents the results acquired from 
experimental measurement and analysis, it is 
divided into four parts. The first part discusses 
the variations in the climatic condition during data 
acquisition in the study area. The second and 
third part presents the analysis of the voltage and 
current performance of the PV technology with 
different climatic factors at each time of day. The 
last part displays the level of efficiency attained 
by the PV technology throughout the day with 
varying levels of the climatic factors. it should be 
noted that the voltage, current and power used in 
the analysis of the results are the maximum 

voltage, current and power respectively that the 
modules produces instantly under a particular 
climatic condition. 
 

3.1 Diurnal Analysis of Climatic 
Condition at the Site 

 
Fig. 3 reveals fluctuating climatic condition at the 
location of study, i.e., solar power, relative 
humidity and temperature. It reveals high level of 
relative humidity during the morning which 
decreases towards noontime; which indicated 
that as solar power increased, relative humidity 
decreased. It was observed that the highest level 
of solar power should be expected at noontime 
which implies that the maximum efficiency of PV 
modules should be expected at this time. The 
figure further revealed that as early as 8:30 the 
solar power will be above 200W/m

2
 which is the 

level of solar power required to generate voltage 
close to the maximum module voltage according 
to [21]. The figure also reveals that the highest 
panel temperature and lowest relative humidity 
level should be expected at 12:30 and 11:00 
respectively, which indicates that the panel 
temperature might exceed the maximum 
operating cell temperature at this time. Hence a 
drop in efficiency should be expected if cooling 
mechanism is not incorporated in the PV system 
design. Temporary fluctuations of climatic 
conditions are normally caused by turbulence 
within the atmosphere. 
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Fig. 3. Variations in Climatic factors at study location 
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3.2 Diurnal Analysis of Voltage 
Performance with Varying Climatic 
Factors 

 
Fig. 4 displays the voltage behavioral pattern of 
the PV technology with respect to fluctuations in 
solar power. The figure reveals a rise in voltage 
between 6:00 to 8:30 before attaining stability 
with a voltage close to the PV voltage at STC 
(Vmp). This rise in voltage is accompanied with a 
corresponding rise in solar power from 0 to 
approximately 200W/m

2
. Beyond 200W/m

2
 the 

voltage remains almost stable and close to Vmp 
regardless of the amount of solar power reaching 
the surface of the PV technology [21]. 
 
Fig. 5 displays the voltage behavioral pattern of 
the PV technology with respect to fluctuations in 
relative humidity. The figure reveals a rise in 
voltage between 75 to 67% of relative humidity 
which occur between 6:00 to 8:30. Below 67%, 
stability in voltage close to Vmp was attained. 
While Fig. 6 which displays the voltage 
behavioral pattern of the PV technology with 
respect to its panel temperature reveals that the 
ripples found in the stable region of the voltage is 
simply due to the fluctuations in its panel 
temperature. Fig.6 further reveals that peak in 
panel temperature should be expected at 12:30 
and above the maximum operating cell 
temperature.  

Fig. 4 to Fig. 6 displays a favorable voltage 
response pattern regardless of the constant 
fluctuations in the climatic factors at the location 
of study and brought to light that generation of 
stable voltage via PV technology could be 
achieve with ease.  
 

3.3 Diurnal Analysis of Current 
Performance with Varying Climatic 
Factors 

 
Fig. 7 displays the current response of the PV 
technology with respect to fluctuations in solar 
power. It shows a rise and fall in current just as 
the solar power rises and falls which confirms 
that the level of current generated is highly 
influenced by solar power as shown in equation 
(2) by [36], which is also in agreement by earlier 
studies by [21] which reported that a direct 
relationship exist between PV current and solar 
power. In addition, the figure also brought to light 
that peak performance in current should be 
expected at 14:30.  
 
Fig. 8 depicts the current generated by the PV 
technology with fluctuations in relative humidity. 
It shows that substantial amount of current above 
3amps can be generated by the PV technology 
for relative humidity level ranging between 57% 
to 32% which occur between 9:00 and 16:00. 
Also, from the figure it was observed
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Fig. 4. Voltage produced and solar power received with respect to time of day 
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Fig. 5. Voltage produced and levels of relative humidity with respect to time of day 
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Fig. 6. Voltage produced and panel temperature with respect to time of day 

 
that peak performance in current occurred at a 
relative humidity level of 42%, suggesting that 
42% could be the most favorable level of relative 
humidity for peak current performance from 
photovoltaics in this location. While Fig. 9 which 
portrays the current generated by the PV 
technology with fluctuating panel temperature 
shows that the current generated is not largely 
influenced by the panel temperature as long as 

the temperature does not exceed the maximum 
operating cell temperature. From the figure it was 
observed that the maximum operating cell panel 
temperature was exceeded at 12:30 
corresponding to a plummet in current which 
agrees with studies by [35] which report that 
panel temperature above the maximum operating 
cell temperature hinders the performance of 
photovoltaics. 
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Fig. 7. Current generated and solar power received with respect to time of day 
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Fig. 8. Current generated and levels of relative humidity with respect to time of day 

 
Fig. 7 to Fig. 9 reveals that despite the fluctuating 
climatic factors at the location of study a 
substantial amount of current above 42% of the 
maximum PV current could be harvested 
between 9:00 and 16:00. 

 

3.4 Diurnal Analysis of Efficiency Level 
Attained with Varying Climatic 
Factors 

 
Fig. 10 depicts the efficiency level attained by the 
PV technology with respect to varying levels of 

solar power. The figure portrays triple peaks in 
efficiency above 85% occurring at 12:00, 13:00 
and 14:30, revealing the period in which 
maximum load could be powered from PV 
systems. The figure also portrays that the highest 
level of efficiency should be expected at 14:30. It 
was observed that the period in which the triple 
peak occurred, the level of solar power at the 
location was close to 1000W/m

2
. Although the 

time in which the highest peak in efficiency 
occurred does not tally with the time which the 
highest level of solar power was received. 
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Fig. 9. Current generated and panel temperature with respect to time of day 

6:307:308:309:30
10:30

11:30
12:30

13:30
14:30

15:30
16:30

17:30
0%

20%

40%

60%

80%

100%

 Efficiency

 Solar power

Time of day (min)

E
ff

ic
ie

n
cy

 (
%

)

0

200

400

600

800

1000

 S
o

la
r 

p
o

w
e

r 
(W

/m
2
)

 
 

Fig. 10. Efficiency level and solar power received with respect to time of day 
 

The levels of efficiency attained with their 
corresponding levels of relative humidity 
throughout daytime is displayed in Fig. 11. The 
figure reveals the levels of relative humidity that 
enhanced the PV technology to attain the peaks 
in efficiency. From the figure, it was observed 
that the triple peaks which occurred at 12:00, 
13:00 and 14:30 was accompanied with humidity 
levels of 44%, 30% and 42% respectively, 
revealing that 42% is the most favorable level of 
relative humidity for optimum PV efficiency at this 

location. While Fig. 12 disclose the efficiency 
levels and the corresponding panel temperature 
throughout daytime. From the figure it was 
observed that the panel temperature exceeded 
the maximum operating cell temperature at 
12:30, causing a steep fall in the efficiency. 
Furthermore, it was also observed that apart 
from 12:30, the panel temperature did not 
exceed the maximum operating cell temperature, 
bringing to light that a cooling mechanism might 
only be required at 12:30. 
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Fig. 11. Efficiency level and levels of relative humidity with respect to time of day 
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Fig. 12. Efficiency level and panel temperature with respect to time of day 

 

4. CONCLUSION 
 
In this study, the diurnal analysis of the 
performance of photovoltaic systems under the 
guinea savannah atmosphere have been 

investigated. The outdoor experimental 
measurement of the PV technology was carried 
out; analysis of the performance of the PV 
technology with the climatic factors at each time 
of day was done. From the results it is seen that 
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the voltage parameter is less affected by 
fluctuations in climatic factors while the current 
parameter is mostly affected by fluctuations in 
solar power. 
 
From the results, it might be expected that the 
PV technology should attained its highest level of 
efficiency at 12:00 since this is when the highest 
level of solar power was observed, but 
surprisingly, the highest level of efficiency was 
attained at 14:30 which reveals that the climatic 
condition which occur at 14:30 is the most 
favorable for PV systems deployed for domestic 
purposes at the location. The study reveal that 
42% and 40

0
C is the most favorable level of 

relative humidity and PV temperature for 
optimum PV efficiency at this location. 
 
Furthermore, details of our study location 
revealed that January is the least humid month 
and March the warmest month. What this implies 
is that the solar power for this location during this 
period will certainly exceed 1000W/m

2
 which 

should enable PV systems attain efficiency 
above 90%. On the other hand, it also gives 
insight that the panel temperature may exceed 
the maximum operating cell temperature more 
often during this period, hence a cooling 
mechanism to regulate the panel temperature 
should be incorporated into PV systems design 
and maintenance to avoid massive loss in 
efficiency. Moreover, with an altitude of 85m 
above sea level which makes it relatively 
favorable for receiving intense solar radiation, 
coupled with the fact that 90% efficiency is 
assured makes the location favorable for 
generating electricity via PV technology and 
installation of solar farms for commercial 
purposes. 
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