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Abstract

Assessing solar resources is essential for estimating a region’s energy potential
in terms of photovoltaic energy production. In Guinea, although average sun-
shine levels are high (around 4.8 kWh/m?*/day), exploitation of this resource
remains limited, particularly in rural areas. Upper Guinea, with its 2700 hours
of sunshine per year and dry climate, offers ideal conditions for solar develop-
ment. However, the lack of reliable weather stations is a major obstacle. To
overcome this constraint, we have set ourselves the goal of conducting an ex-
perimental study to measure and evaluate solar irradiance in Kankan, using a
system of equipment equipped with an autonomous pyranometer. To capture
variations in solar irradiance, a sampling interval of 5 minutes was chosen.
Measurements were taken over a period of more than one year, but in this
study we focused on data from one week of measurements (April 12 to 18,
2025). These measurements revealed high solar potential, with peaks reaching
1000 to 1100 W/m? in some places. The curves obtained reveal both the regu-
larity of the solar cycle and meteorological variability. The next step in our
work will be a comparative study between the data measured on site and the
results obtained using a code developed in previous work, specifically, a clear-
sky irradiance model, for the first day of measurement (April 12, 2025). We
will then conclude with a correlation study between these two sets of data.
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1. Introduction

Interest in developing solar energy in West Africa is growing rapidly, driven by
high solar radiation potential and the need to improve access to electricity [1] [2].
The Upper Guinea region, and in particular the prefecture of Kankan, has annual
levels of solar radiation that are highly favorable for photovoltaic applications, but
the optimal exploitation of this resource depends on the accuracy of local irradi-
ance estimates [3].

The performance and reliability of photovoltaic feasibility studies rely heavily
on the quality of the irradiance data used. Numerous studies show that satellite
and reanalysis data, although essential for large-scale mapping, present uncertain-
ties related to cloud cover, Sahelian aerosols, and local microclimatic variability
[4]-[6]. Therefore, ground measurements taken with pyranometers compliant
with ISO 9060 remain essential for accurately characterizing solar resources, vali-
dating satellite products, and improving the robustness of prediction models [7].

Furthermore, the integration of photovoltaic systems with battery storage (PV-
BESS) requires accurate, high-resolution temporal knowledge of irradiance in or-
der to optimize load management strategies, energy planning, and battery longev-
ity [8] [9]. Recent work highlights that rapid variations in solar radiation directly
influence actual energy performance, the optimal sizing of stand-alone PV sys-
tems, and the overall performance ratio [10].

In this context, this study proposes an experimental study to measure and eval-
uate solar irradiance in Kankan, followed by a detailed statistical analysis of daily
profiles. It also examines the results of correlation parameters obtained when
comparing experimental data with data provided by the solar resource assessment
code for the site under study. This approach will make it possible to better size
autonomous photovoltaic systems and, consequently, optimize their performance.
Finally, the results obtained will offer the possibility of adjusting or correcting
satellite estimates of solar irradiance data for the region under consideration.

The rest of the article is structured as follows: Section 2 presents the study site,
the measurement equipment used, and the methodology applied. Section 3 ana-
lyzes the results using daily profiles, statistical tools, and linear regression. Finally,
Section 4 concludes the study by highlighting the main findings, recommenda-

tions, and prospects for future related work.

2. Materials and Methods
2.1. Materials
2.1.1. Site Description

The experiment and measurements were conducted at Julius Nyerere University
in Kankan. This Guinean public university was founded in 1964 under the name
Secondary Teacher Training College and in 1989 it was renamed Julius Nyerere
University of Kankan (Decree No. 175/PRG/SGG/89 of September 27, 1989).
The population of the city of Kankan (March 2022) is estimated at 194,671 in-
habitants (99,168 men and 95,503 women) [11]. Its area is approximately 11,564
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km? [12]. The capital, the city of Kankan, is located at 10.3835°N, 9.3069°W [13],
with an average altitude of approximately 380 - 400 m [14].

Climatically, Kankan is in a Sudano-Guinean savanna zone, with two distinct
seasons: a dry season from November to April and a rainy season from May to
October [15]. Average temperatures range from 25°C to 35°C, with peaks of up to
40°C in the dry season [16]. Annual rainfall is approximately 1534 mm, spread
over an average of 122 rainy days [16].

The terrain of the prefecture is characterized by a relatively flat plateau, cut by
a few shallow river valleys; some parts reach 500 m, but most are between 400 and
420 m, while to the south there are heights of up to 650-700 m, and even + 800 m

in some places [17]. Figure 1 presents the map of the study area.
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Figure 1. Map of Kankan prefecture with its thirteen (13) sub-prefectures (Source: Original created by us using QGIS software).

The dominant vegetation is that of shrubby savanna/wooded savanna, punctu-
ated by forest galleries along the watercourses [18]. Species such as acacia, melina,
and other fruit trees are found in inhabited areas [16].

Administratively, it is bordered to the north by the prefectures of Siguiri and
Mandiana, to the south by Kérouané and Kissidougou, to the east by the prefec-
ture of Mandiana and the Republic of Ivory Coast, and to the west by the prefec-
ture of Kouroussa [19].
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The population of the Kankan region is divided between the urban commune
and the following twelve rural sub-prefectures: Boula, Sabadou-Baranama, Missa-
mana, Balandou, Bate-Nafadji, Gbérédou-Baranama, Koumban, Moribaya, Tin-
tioulen, Tokounou, Karifamoriah, and Mamouroudou [20].

The city of Kankan experiences frequent power cuts due to insufficient electric-
ity production. This situation disrupts the daily lives of residents and has a con-

siderable impact on the city’s economic activities.

2.1.2. Description of the Equipment Installed to Measure Solar
Irradiance

The measurements were taken using a pyranometer (Figure 2(b)), a highly accu-
rate measuring device designed to quantify the total solar radiation received on a
surface. The complete solar irradiance measurement equipment installed on the
roof of a building at the University of Kankan is shown in Figure 2(a). This meas-
uring device is combined with an instrument that requires continuous monitor-
ing, called a “data logger”. This equipment is designed to automatically collect and
record the measured solar irradiance data.

A photovoltaic module was used as an autonomous power source for the
data logger. This arrangement ensures that the equipment and system operate

normally and without interruption, guaranteeing reliable data collection on site.

(b)

Figure 2. View of the solar irradiance measurement equipment system installed on the
roof of a building at the University of Kankan. (a) Solar irradiance measurement equip-
ment installed on site; (b) Pyranometer.

The schematic diagram of solar irradiance capture at the site, showing the sys-
tem equipment, is presented in the figure below (Figure 3).

The system studied consists of a solar panel connected to a charge controller,
which is itself connected to a battery, ensuring a constant and uninterrupted
power supply to the data logger and the rest of the system. For the measurement
and collection of solar irradiance data, a sampling interval of five minutes was cho-
sen when configuring the device. This choice makes it possible to accurately detect
small fluctuations and reliably observe changes in the data measured on site.

The evolution of the data measured during the first seven (7) days of collection

is illustrated by the curves in the figures below.
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Figure 3. System consisting of combined devices for collecting experimental data.

2.1.3. Data Collected on Site: Solar Irradiance for the Seven (07) Days of
Measurements

The seven curves (Figures 4-10) illustrate the evolution of solar irradiance (in
W/m?*) measured on site from April 12 to 18, 2025, during the various days of

measurement, between approximately 7:00 a.m. and 6:00 p.m.
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Figure 4. Daylighting 1.
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Solar Irradiance (in Watts/Square Meter

Overall, all curves are quasi-parabolic in shape, characteristic of the daily cycle
of solar radiation:
- agradual increase in the morning,
- amaximum around noon (when the Sun is at its zenith),
- then a symmetrical decrease in the afternoon.

Regarding variability between days:

The curves for days 1, 3, 5, and 7 are relatively regular, with a clear peak and a
symmetrical shape, characteristic of generally sunny days.

Days 2 and 6 show several sharp drops in illuminance before and after noon,
which can be explained by intermittent cloud cover.

Day 4 shows significantly lower irradiance, peaking at around 550 W/m? a very
overcast or foggy day.

Regarding the observed irradiance levels:

The maximum values reach approximately 1000 to 1100 W/m?, corresponding
to strong sunlight, typical of a clear sky in the middle of the day.

The minimum values close to zero before 7 a.m. and after 6 p.m. clearly reflect

the absence of nocturnal irradiance.

IRRADIANCE FOR THE SEVEN (7) DAYS
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Figure 11. Common representation and comparison of solar irradiance for the first seven days
of measurements.

Figure 11 shows the curves representing the daily variation in solar irradiance
during the first seven days of measurement. All seven curves show a typical daily
solar irradiance profile, rising in the morning, peaking at midday between 11:30
a.m. and 1:00 p.m., and then decreasing in the afternoon.

The differences in amplitude between days reveal variable cloud cover condi-

tions, with maximum sunshine on days 1, 3, 5, and 7, and reduced illumination
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on days 2, 4, and 6.
The hourly trends observed show the following results:
- A gradual increase in the morning
- Irradiance begins around 6:30-7:00 a.m., reflecting sunrise.
- The maximum is observed between 11:30 a.m. and 1:00 p.m., depending on
the day.
- The decrease is gradual until 6:00 p.m., at which time the illumination drops

to zero.

AVERAGE VALUES FOR THE SEVEN (7) DAYS
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Figure 12. Average illuminance values for the first seven days of measurement.

The graph in Figure 12, which shows the average solar irradiance curve over a
seven-day period, highlights a typical day characterized by a steady increase in
radiation from 6:30 a.m., followed by a plateau of high intensity between 10:00
a.m. and 2:00 p.m., reaching approximately 800 W/m?, then a gradual decrease
until 6:00 p.m.

The fluctuations observed around the maximum reflect atmospheric variability
between the days considered, but the overall high level of average irradiance con-
firms significant solar potential and favorable conditions for photovoltaic energy

production during this period.

2.2. Methods

2.2.1. Evaluation of [lluminance Using a Code and Comparison with Data
Collected on Site

The measured solar illuminance values are compared with those obtained using

the solar resource evaluation code, which corresponds to a clear-sky irradiance

model based on the Linke turbidity factor, as developed and validated in the pre-

vious work cited in [21], enabling a physically based estimate of solar radiation
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based on local atmospheric conditions.
In this model [22], expression (1) is used to evaluate the different solar irradi-

ance values measured on site.
* *
G, =8,,+D, (1)

where:
G, , : is the global radiation on a flat surface with an inclination 7and orienta-
tion p relative to the south direction;
- S:, , + is the useful component of direct illumination;
- D;:is the diffuse radiation received by the plane with inclination 7.
The sum of direct radiation and diffuse radiation constitutes global radiation.

The useful component of direct illumination (S, )
S;:, =Ig [COSh'Sini'cos(a—}/)+sinh-cosi] o

with I, the direct radiation at ground level:

o =doexp {_ 0.9-mn:hTi9.4} ®
where:
- hand a, are the horizontal celestial coordinates, respectively: the height and
azimuth of the point to be located.
- I_g: is the solar constant or extraterrestrial solar radiation with a value of 1366
W/m?.

The atmospheric optical distance (z225):

The atmospheric optical distance, also known as atmospheric mass (in m), takes
into account the path traveled by photons as they pass through the Earth’s atmos-
phere.

The atmospheric optical depth is equal to the ratio of the distance traveled in
the atmosphere by a ray from the Sun to the vertical thickness of the atmosphere
measured at sea level.

It is expressed using the height of the Sun (4), according to the following rela-
tionship:

1-0.1-z
m, =
sink+0.15-(h+3.885

—~1.25 (4)
) 253

where:

-z isthe altitude of the location,
- atsealevel, z=0: m, = Vl ,
sin A

Linke’s turbidity factor (77):

Linke’s turbidity factor provides an assessment of atmospheric extinction by

gas molecules and aerosols. Its average value is given by the following equation:

T,=25+16-8,+0.5 Inw (5)

where:
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- fais the turbidity coefficient or Angstrom coefficient defined based on the
number of aerosols contained in a unit of atmospheric mass vertically at the
measurement location. This turbidity coefficient therefore characterizes the
clarity of the sky. Thus, £4 = 0.02 corresponds to a dark blue sky, £, = 0.05 to
a clear blue sky, 4= 0.10 to a pale blue sky, and 4 = 0.20 to a washed-out or
milky blue sky.

- wis the height of condensable water (in cm). It corresponds to the thickness
of water that would be obtained by condensing all the water vapor contained
in a hypothetical cylinder with a generator parallel to the sun’s rays. This
height can be determined by radiosondes. It is related to the water vapor pres-
sure e (in mbar) at ground level at ambient temperature by Hann’s empirical
formula: w=0.17-e.

The atmospheric parameters used in the calculation of the Linke turbidity fac-
tor, notably the Angstrém coefficient (f4) and the condensable water height (w),
were estimated based on typical climate data for the Kankan region, drawn from
the literature and regional meteorological databases.

In the absence of direct local measurements for the period in question, these
parameters were assumed to be constant and representative of atmospheric con-
ditions during the dry season, characterized by low relative humidity and moder-
ate aerosol concentrations.

The diffuse radiation received on the inclination plane 7 (D))

D;:l+;08i-D;+l_COSi~al-Gg 6)
With:

- a,:albedo, which corresponds to the fraction of solar radiation energy received
by a surface from the atmosphere that is scattered back toward it.

- G, : global radiation on a horizontal plane.

- D, : diffuse atmospheric radiation on a horizontal plane.
Diffuse atmospheric radiation makes it possible to evaluate the intensity of ra-

diation scattered by the sky towards the ground, taking into account the atmos-

pheric turbidity factor T, .

5

e 1 1
D, =£—°5-(sinh)5 [TL—O.S—(sinh)z} (7)

The total radiation on the horizontal plane is given by the following expression:
. T, +36
G, =(1270-56-T,)-(sinh) (8)
The results of the comparison between the code and the actual data measured
on site are given in section 3.1 of the analysis and interpretation of results. This

comparison is made for the first day of measurements: April 12, 2025.

2.2.2. Study of the Correlation between the Illuminance Obtained
through the Code and the Data Measured on Site

To study the correlation between these two sets of data, namely:
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- Data obtained through the code: Y,

code

- Data measured on site: Y,
We will proceed as follows:
- Plot on the same graph:

The evolution of the two data sets (Y

code

et Y. ), to see how they evolve in
relation to each other over time.
- Calculate the correlation coefficient:

Evaluating the correlation coefficient allows us to assess the quality of the rela-
tionship between different variables by measuring the strength and intensity of
their connection. Given the nature of the data analyzed, the coefficient used is

Pearson’s, defined by the following expression [23] [24]:
> (¥, X)(1-7)

r= —\2 —\2 ©)
V(X - X)X (- T)

where:
v X, and Y, are the values at each moment;
v X and Y arethe averages;
v' 1 varies between —1 and +1.
v’ n:is the number of data points or samples of the variables
The interpretation of the coefficient r is based on the thresholds commonly
proposed in the literature [25], presented in Table 1. This is followed by verifica-
tion of the statistical significance of the coefficient using the t-test (Table 2), then

evaluation using the p-value method [26] [27] (Table 3).

Table 1. Correlation coefficient values.

No. Correlation coefficient value (r) Interpretation
1 +09al Very strong positive correlation
2 +0.5a+0.9 Moderate to strong correlation
3 0a+0.5 Weak correlation
4 0 No correlation
5 -0.5a0 Weak negative correlation
6 -1a-0.9 Very strong negative correlation

The significance test checks whether the correlation observed between the two
groups of values is statistically significant. The statistical significance of ris tested
using Student’s t-statistic [28]:

== (10)

where:
v' r:is Pearson’s correlation coefficient;
V' n:is the number of points, or data points;

v' n—2:is the degree of freedom (for two distinct parameters).
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The significance test consists of comparing the calculated value of ¢ with the
corresponding critical value (T.5%), obtained from Student’s table [29], in order
to evaluate the hypothesis under study.

o Hyrepresents the null hypothesis, for which » =0: “there is no real correlation
between Xand Y.

o H, represents the alternative hypothesis r # 0: «there is a real correlation be-
tween X and Y, which may be positive or negative, depending on the sign of
r».

The two hypotheses and the interpretation of the significance test results are

summarized in Table 2 below:

Table 2. Significance test and its interpretation.

Value of ¢ Hypothesis

Interpretation Decision

t<T.5% Ho, Null hypothesis (=0) No significant relationship between Xand ¥ No evidence of a real correlation

t>T.5%

H is rejected.

H, Alternative hypothesis (7 #0), There is a significant relationship

The correlation is not due to chance
between Xand Y

For the test based on the p-value method, the critical value is also determined
from the student’s table. The p-value represents the probability of obtaining a sta-
tistic at least as extreme as the one observed when the null hypothesis is true. Its
interpretation is based on a comparison between the p-value and the significance

threshold a, generally set at 0.05, as shown in Table 3 below.

Table 3. Test using the p-value method [26] [27].

p-value Interpretation Decision
p<0.01 Highly significant correlation
<a We reject Ho, Fh is true.
0.01 <p<0.05 Significant correlation
0.05<p<0.10 Weakly significant correlation
p=a We accept Ho
p=0.10 Non-significant correlation

3. Analysis and Interpretation of Results

3.1. Results of the Comparison between the Code and Actual Data

The experiment was conducted on the first day of the measurement campaign,
April 12, 2025. The data generated by the code were compared with those rec-
orded in situ on the same day.

For the model input parameters, the date corresponding to this date (April 12,
2025) is n = 102. The study site selected is the University of Kankan, whose geo-
graphical coordinates are as follows: longitude L = 9.3069°W, latitude ® =
10.3835°N, and altitude z= 0.38 km. The albedo al was taken as 0.25, as this cor-
responds to the fraction of incident energy that is scattered by the gravel on the
ground where the solar panel was installed. An inclination of /= 15" and a south

orientation y = 0" were taken.

DOI: 10.4236/0japps.2026.165099

1805 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2026.165099

N. Diaby et al.

In fact, the choice of albedo a; = 0.25 is justified by the nature of the soil at the
experimental site, which consists mainly of gravel and light-colored surfaces with
moderate reflectivity.

The tilt 7 = 15° was selected in accordance with the site’s latitude (=10°N) to
optimize annual solar radiation capture, while taking into account practical in-
stallation constraints. The south-facing orientation (y = 0°) corresponds to the
standard configuration for maximizing solar exposure in the Northern Hemi-
sphere.

The results of the measurements were compared with those given by the evalu-
ation code. The curves of the results obtained show that the variation in global
daily irradiance is almost in agreement with the evolution of the measured solar

irradiance. This comparison is presented in the graph in Figure 13 below.
COMPARISON FOR DAY 1 BETWEEN MEASURED ILLUMINANCE

1200 AND THAT OBTAINED BY THE CODE

e Fxperimental evolution of illuminance Day 1
==« Qverall illuminance obtained through the code

1000

800

600

400

200

Solar Irradiance (in Watts/Square Meter)

Time (i

Figure 13. Comparison for day 1 (April 12, 2025) between measured illuminance and that
obtained by the code.

3.2. Results of the Study of the Correlation between Experimental
Data and Code Data

o Correlation analysis
Correlation analysis and significance testing of these two sets of solar irradiance
data, namely those obtained from the code and those measured on site, shown in
the previous figure (Figure 13), give us the following results:
- Correlation coefficient: »=0.9996
- Coefficient of determination: R* =0.9992
- Test statistical value: #=118.7
- Value: p-value=2.23x102*~0

Interpretation of the results of ret R
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The values of rand & found show an almost perfect and positive correlation
between the two variables, which indicates the extent to which variations in one

or Y.

site

of the two groups of variables: Y,

code

can be predicted by the other.
Interpretation of the #value
The calculation of the test statistic gives a result of: = 118.7; this value, which
is well above the critical threshold of 1.97 for a=5%, shows that the correlation
and Y

site

between Y.

code

is highly significant. We can therefore conclude that
there is a very strong positive linear correlation between the two variables.
Interpretation of the p-value result
The p-value found (2.23x107°* ~ 0) is well below 0.01; thus, hypothesis H; is
rejected, and A, is true, which explains a “highly significant correlation.” In other
words, the variation of the two variables coincides perfectly over time.
e Equation of the adjustment line
The analysis of the correlation between the two solar irradiance values was com-

pleted by evaluating and constructing the adjustment line shown in Figure 14.

1200
1000
800
600
400

200

Overall illuminance obtained through the code

0 200 400 600 800 1000 1200
llluminance measured on site

Figure 14. Linear adjustment of the illuminance obtained by the code and that measured
on site.

We find that this adjustment line obtained by linear regression closely follows
the trend of the data.

Indeed, the scatter plot of the illuminance measured on site as a function of the
overall illuminance obtained through the code shows a clear positive linear rela-
tionship. The adjustment line obtained by linear regression closely follows the
data trend, with a high R?, thus confirming that the model (developed code) ex-
plains most of the variation in illuminance measured on site.

The measurements taken in the Kankan region were made between April 12
and 18, 2025, taking into account strong solar radiation, with a peak solar irradi-

ance of close to 1000 W/m? around midday, considered to be the standard ground
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irradiance. This observation is consistent with the work of Abdellatif Oudrane on
the remarkable intensity of irradiance in the intertropical zone. Thus, despite the
immense energy potential, its availability remains subject to fluctuations caused
by atmospheric dust, humidity, and the angle of incidence of solar radiation.
These factors have an impact on solar energy yield in this region. Therefore, the
regularity of this daily solar curve shows the progression of radiation to its maxi-
mum height, with variations due to climatic conditions. However, stability and
meteorological variation show continuous observation with adaptation of the pro-
duction and storage system. This measurement shows harmonious management
of illumination and demand, improving the efficiency of the system and reducing
losses.

It should be noted, however, that the results presented in this study are based
on an observation period limited to one week of measurements during the dry
season. This relatively short duration does not allow for the full capture of sea-
sonal variability in solar radiation, particularly the significant impact of cloud
cover and humidity during the rainy season. Consequently, extending the meas-
urements over a full year would be necessary for a more comprehensive charac-

terization of the local solar resource.

4. Conclusions

The objective of this study was to evaluate solar irradiance in the urban area of
Kankan based on experimental measurements taken between April 12 and 18,
2025, and to examine the relevance of a code for estimating solar resources applied
under the same conditions. The results obtained highlight a particularly high solar
potential, confirming the major energy interest of this area located in Upper
Guinea.

The data collected using an autonomous pyranometer revealed a regular and
well-structured daily cycle, with maximum values averaging 1000 to 1100 W/m?
around the zenith. Analysis of the seven daily curves showed a high degree of con-
sistency in the irradiation profile, despite fluctuations linked to atmospheric var-
iability (clouds, dust, and humidity). The average curve obtained for the period
studied confirms the overall stability of the solar resource, with a high central plat-
eau between 10:00 a.m. and 2:00 p.m., clearly illustrating the availability of a reli-
able and abundant solar resource.

The comparison between the experimental data and the values obtained from
the solar resource assessment code revealed a very strong linear correlation, as
evidenced by a high correlation coefficient, a test statistic well above the critical
threshold, and a p-value of less than 0.01. These results demonstrate the validity
of the model used and its ability to accurately represent the actual behavior of
solar radiation at the site studied. In addition, the adjustment line obtained rein-
forces the idea that the model is a reliable tool for estimating solar resources in
similar contexts.

This study thus contributes significantly to a better characterization of the solar
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potential of the city of Kankan, where energy demand remains high and access to
electricity is still limited. The results provide a solid scientific basis for the design
and optimization of photovoltaic installations, particularly in the context of urban
or rural electrification projects. They also pave the way for future work on extend-
ing the time frame of measurements, seasonal radiation modeling, solar forecast-
ing, and evaluating the actual performance of photovoltaic systems installed in the
region.

This study confirms that Upper Guinea, and particularly the city of Kankan,
has remarkable solar resources that could play a key role in the national energy
transition and in promoting sustainable development based on renewable ener-
gies.

The results obtained, based on validated local experimental data, significantly
reduce the uncertainties associated with solar resource estimates. This improve-
ment in the accuracy of input data directly contributes to more reliable and opti-
mized sizing of photovoltaic systems by enabling a more accurate estimate of en-
ergy vield.

Consequently, this promotes the installation of photovoltaic systems better
suited to local conditions, with controlled investment costs and improved perfor-

mance.
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