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Abstract 

In this study, the solar irradiance of four different localities in the Far North province of Cameroon was assessed with a view to 

selecting a site for a large-scale photovoltaic array. The global radiation extrapolation method is used to evaluate the solar 

potential in the four localities. To verify the reliability of the chosen method, the coefficient of determination is calculated to 

estimate the difference between the real-time experimental method and the theoretical method based on the statistical test. So, the 

Root Mean Square Error, the Mean Absolute Relative Error and the Coefficient of determination are calculated, in order to make 

a conjecture on the performance of the proposed method. The localities of Muidere, Bougaye, Youaye and Hoyo were chosen on 

the basis of the availability of sunlight in these areas. The results obtained also demonstrate the feasibility of implementing the 

system, taking into account the real data extracted from the site. 

Keywords 

Far North Province of Cameroon, Global Radiation, Data Acquisition, Distributed Photovoltaic Systems, Tropical Areas 

 

1. Introduction 

Although the world's population is growing every year, the 

use of fossil fuels is a danger to the life on our planet [1]. This 

consumption leads to atmospheric pollution, and even the 

depletion of these resources, making the price of oil unstable 

[2]. This is why we are encouraged to limit greenhouse gas 

emissions, which is why we are interested in renewable en-

ergies [3]. The aim of this article is firstly to assess the 

availability of solar energy, and secondly to investigate 

methods for estimating global solar radiation [4]. There are 

several methods for estimating solar radiation on the inclined 

and horizontal surfaces [5]. Some methods of estimating solar 

radiation or calibration are very costly [6]. However, the 

theoretical study of measurement data often presents certain 

inconsistencies, so in the work of [7], certain methods of solar 

radiation assessment are proposed. A review of the literature 

in [8] also presents the most widely used methods for ex-

trapolating solar irradiance on the horizontal surface. 

Recently [9], the method of extrapolating solar insolation 

on the inclined plane is proposed. Among the most widely 

used methods for estimating global solar radiation [10] are 

real-time machine learning algorithms, the use of meteoro-

logical data and the exploitation of geographical information 

on study areas. In previous work [11], a study is carried out on 

the evaluation of global solar radiation for the locality of 

Maroua [12]. This approach involved using and comparing 

empirical models of the results obtained. From this work, it 
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was shown that it is during the dry season that the maximum 

values of photovoltaic solar power are produced [13]. Voltage 

profiles on the IEEE 33 bus showed that power grids into 

which 50MW of power is injected are stable during the dry 

season [14]. 

The study carried out [15] showed that the interconnected 

North Cameroon networks could be strengthened by the in-

stallation of a solar power plant in the Guider locality [16], 

which is why a photovoltaic power plant has been in operation 

there since 2022 [17]. In Cameroon's Far North region, a 

study showed that only 30% of the population has access to 

electricity [18], unlike other regions of the country [19]. And 

yet, the Far North region has an abundance of photovoltaic 

solar energy [20]. This is one of the regions where the literacy 

rate is too low [21], which justifies the fact that few people 

have access to electricity or the minimum of comfort. How-

ever, the development of any country in the world inevitably 

depends on access to drinking water and education [22]. 

Every year, the cholera epidemic is detected because popula-

tions have no access to drinking water [23]. On the other hand, 

access to healthcare is becoming more and more difficult, as 

the energy to run biomedical equipment is non-existent [24]. 

The only option the government offers the region is the use of 

thermal power plants, which provide intermittent, unstable 

electricity [25]. Delays and untimely power cuts are recurrent. 

These generators regularly break down. What's more, the 

diesel fuel used to run the thermal generators is very expen-

sive and highly polluting [26]. This is a major issue that needs 

to be eradicated, as it hampers the country's socio-economic 

development and affects people's quality of life [27]. 

In this work, an experimental study based on real time data 

using performance indicators is carried out. Solar radiation is 

also estimated for the localities of Hoyo, Youaye, Bougaye 

and Muidere. Extrapolation of the photovoltaic solar power 

allows us to select the best locality for the implementation of a 

high-capacity photovoltaic power plant, in order to electrify 

the isolated and disadvantaged rural areas of the Far North 

region. 

2. Experimental Setup for Data 

Acquisition 

In order to make a comparative study and decide on the 

performance of the proposed method, Figure 1 depicts the 

system on which the meteorological data were processed. 

This diagram highlights the type of solar cell used. The data is 

first processed from NASA, and then the actual data is pro-

vided by the test bench set up in the four regions of the Ex-

treme region. This experimental set-up makes it possible to 

get closer to reality and reduce calculation or estimation errors. 

The work in [28] shows that the polycrystalline cell is not 

suitable for the locality of guide given the fluctuation of the 

sunshine which remains inconstant for a whole day. 

In the work of [29], monocrystalline cells are used to 

evaluate solar irradiance in order to meet the energy demand 

of the locality of Youaye. In the locality of Hoyo, a poly-

crystalline cell is used for an experimental study to produce 

photovoltaic solar energy to supply the locality of 154 

households. Studies in the works of [30] show that the Far 

North region is suitable for the use of the polycrystalline cell, 

given the availability of education. However, theoretical data 

are not sufficient to reach a conjecture, so in this work real 

data supplied from acquisition benches are used to calculate 

the squared error in order to make a choice about the ideal 

locality. Other methods are associated with this test bench to 

optimize the proposed system. These include DC power 

conversion systems such as boost choppers, two-level in-

verters and active filters. The power of the photovoltaic gen-

erator is extrapolated by means of a duty cycle-controlled 

boost chopper. MPPT control [31] is used for this purpose. 

 
Figure 1. The setup platform of experimentation. 

3. Methodology 

The methodological process used to evaluate the perfor-

mance indicators of the proposed method and the extrapola-

tion of photovoltaic power is based on the study of the values 

provided by the real-time data acquisition bench. After esti-

mating solar radiation on the horizontal surface, the data 

extracted from the acquisition bench is used to assess calcu-

lation errors [32]. 

3.1. Estimation of the Solar Radiation 

In order to determine solar radiation on the horizontal sur-

face, the formula [33] is given in Equation (1). This formula is 

used to evaluate solar radiation on the horizontal surface and 

cannot be used when extrapolating solar radiation on the 

inclined surface. 
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where oS  is the solar constant (W/m2); Sd  is the sunset 

hour angle (˚C);   is the latitude of the location (˚) and  , 

the solar declination (˚). 

3.2. Modelling of the Photovoltaic System 

The electrical circuit diagram in Figure 2 enables us to 

model the photovoltaic generator in MATLAB/Simulink, 

based on the mathematical equation [10]. The model features 

a diode, a shunt resistor RP and a series resistor RS. The RP 

resistor is connected in parallel with a voltage source and a 

diode (D). Based on this single-diode model, the photovoltaic 

generator can be implemented in this software to obtain sim-

ulation results. Maximum power can be extracted from a 

photovoltaic source when the current is shaped by a chopper. 

The boost converter, for example, raises the output voltage 

level by controlling the duty cycle with MPPT control. Many 

heuristic algorithms are used to control such a DC/DC con-

verter. In Equation (4) the variable Is represents the photo 

current generated. Maximum power can be extracted from a 

photovoltaic source when the current is shaped by a step-up 

buyer whose duty cycle is driven by the MPPT. Most heuristic 

algorithms are suitable for controlling such a DC converter. 

The value Is represents the photo current generated, which 

will be collected by the input of the DC/DC converter shown 

in Figure 3. 

 
Figure 2. Electrical circuit of PV source with one diode. 

 
Figure 3. Electrical circuit of boost chopper. 
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In Eq (4), the thermal voltage of the PV cell is VT; Ipho is the 

Photo current generated due to incident solar irradiance; The 

reverse saturation current of the diode is represented by Io;. 

The Boltzmann’s constant is K=1.3806503 × 10−23 J/K. T is 

the Cell operating temperature in kelvin (K); q =1.60217646 × 

10−19 C) represents the Charge of the electron; Rs: is the 

Series resistance representing an internal resistance of the PV 

cell (Ω). The parameter Rp is the Shunt resistance representing 

the leakage current of the PV cell (Ω); here the parameter A is 

the Diode ideality factor; Isc is the shunt circuit current of the 

cell at 25°C and 1,000 W/m2; Ki is the temperature coefficient 

of the cell at Isc. Tref: represents the reference temperature of 

the cell; and G is the Solar irradiation (W/m2). Gn the nominal 

solar irradiation; In,0 is the nominal saturation current and Eg 

represents the semiconductor energy band gap which is equal 

to Eg = 1.12eV, considering the polycrystalline silicon cell at 

25°C. 

4. Validation of the Method 

Some performance indicators [34] can be used to demon-

strate the reliability and credibility of a model. These include 

RMSE, MBE, MARE, MAE and R2, commonly known as the 

coefficient of determination, which is the square of the cor-

relation coefficient. 

4.1. Evaluation of the Root Mean Square Error 

(RMSE) 

One of the key parameters in evaluating the performance of 

a model is the RMSE, which is given in Equation (8). Calcu-

lating this parameter allows us to determine whether an ap-

proach or method is adequate when this value is as small as 

possible, i.e., close to zero. We assume that the method used 

to estimate a value is better if the result obtained offers a 

negligible value close to zero. 

 
2

, ,
1

1
RMSE t x t y

t
S S



 
           (8) 

In this formula,  is the size of data, ,t xS is the measured 

data, ,t yS is the experimental data. ,t xS  and ,t yS  are re-

spectively their mean values. 

4.2. Evaluation of the Mean Bias Error (MBE) 

The MBE given in Equation (9) can also be used as a pa-

rameter to determine the performance or reliability of a model. 

When the MBE value is close to zero, then it is assumed that 

the model can be adopted. When this value is too large, there is 

overestimation of the data in the use of this model. On the other 

hand, when the MBE value is negative or too small, then this 

model makes an underestimation of input data. 

 , ,
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1
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t
SS
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 
              (9) 

4.3. Evaluation of the Mean Absolute Error 

(MAE) 

Among the tools of your statistics, we also find the MAE 

which is an essential parameter in the evaluation of the per-

formance of a model. For model validation, some prefer to use 

the MAE parameter, given in Equation (10), which gives a 

better precision than the RMSE. This parameter allows to 

have an idea on the details between two values, because the 

estimation step is reduced. When the sampling step is small, it 

is possible to have more details on the different continuous 

information in this interval; this is why many works have 

shown the superiority of this parameter on the RMSE. 
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1
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t
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              (10) 

4.4. Evaluation of the Mean Absolute Relative 

Error (MARE) 

The MARE evaluation parameter can also be used to 

evaluate the performance of methods or models in estimating 

or extrapolating statistical data. It is considered as the absolute 

value of the mean of the predicted data over the experimental 

data. The Equation (11) gives this formula. 
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4.5. Evaluation of the Coefficient of 

Determination (R
2
) 

Among all the most used statistical tests in the literature, 

the R2 parameter is much more used. A value of R2 close to 1 

shows that the model can be adopted. The closer this value is 

to 1, the better the model is, the less this value deviates from 1, 

the worse the model is. This value should not exceed 1. This 

performance indicator is used by most of the works on the 

evaluation of models or statistical methods. This parameter is 

given by Equation (12). 
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5. Results and Discussion 

The results obtained in this article are based firstly on the 

calculation of global insolation based on statistical tests, and 

secondly on the acquisition of real-time data from test 

benches set up in four different localities: Hoyo, Muidere, 

Youaye and Bougaye. The evaluation of the photovoltaic 

energy potential not only demonstrates the performance and 

relevance of the proposed method, but also enables us to 

determine the appropriate location for a photovoltaic power 

plant to meet the electrical energy demand of isolated locali-

ties in the Far North region. 

The aim of the power estimate is to meet or find an alter-

native to the energy supplied by the interconnected North 

Cameroon networks, which are experiencing load shedding 

difficulties and untimely power cuts. Several localities in the 

Far North region do not have the possibility of having an 

average energy continuity of 15% [35]. Electricity is only 

available 5 days out of 30, and sometimes when it is available, 

it is unstable, preventing the supply of certain electrical 

equipment that consumes sufficient active energy. The results 

obtained in the various localities enable us to evaluate the 

coefficient of determination, to assess the error difference 

between the experimental model and the theoretical model, 

and to calculate the RMSE. Analysis of the results shows that 

the method is suitable for estimating sunshine for those who 

make locality, as the error is almost negligible. This is 

demonstrated by the R2 value, which is close to 1. 

5.1. Data Collected and Power Produced for the 

Locality of Bougaye 

The real-time data acquisition bench has also made it pos-

sible to determine the various power profiles from January to 

December. Power levels were 150 kW and 260 kW respec-

tively. From February to April, the sun shines slightly, as it 

does in October and November. Photovoltaic power remains 

constant from May to August. This power profile highlights 

the fact that sunshine levels remain almost constant, enabling 

us to optimize the photovoltaic energy that can be stored in the 

battery banks. This location offers the possibility of integrat-

ing electrical energy storage systems to increase or raise the 

power level in the event of increased demand, when the de-

mand for electrical energy becomes greater than the supply of 

electrical energy. The power profiles in Figure 4 from the 

Bougaye locality therefore offer the best performance in terms 

of RMSE, MARE, MBE or R2. 

 
Figure 4. The annual power profile from Bougaye locality. 

5.2. Data Collected and Power Produced for the 

Locality of Hoyo 

Figure 5 shows the data supplied by the acquisition bench 

installed at the Hoyo site. The figure shows a power peak 

between June and July, when a power of 670 MW is observed. 

There is also a low level of power in January and December, 

corresponding to 170 kW and 180 kW respectively. In August 

and November, solar irradiation is almost negligible, and 

there is a drop in irradiation in the area. 
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Figure 5. The annual power profile from Hoyo locality. 

5.3. Data Collected and Power Produced for the 

Locality of Muidere 

Many recent studies have focused on the evaluation of 

education in Muidere. In this study, an extrapolation of the 

solar photovoltaic power is made taking into account the 

meteorological data provided by the international airport of 

SALAK, located 200 km from Muidere. Using the extraction 

of numerical values obtained from the data acquisition bench, 

an extrapolation of the power is also made to bring out the 

power profile as described in Figure 6. This figure shows a 

high density of sunshine during the months of March, April 

and May. January and December, on the other hand, are less 

sunny. Based on these values, the power profile described in 

Figure 6 illustrates that a capacity of 0.25 MW can be gener-

ated for 6 months out of 12 in the locality of Muidere. This 

energy produced can supply the locality with electricity dur-

ing times of load shedding or blackouts. 

 
Figure 6. The annual power profile from Muidere locality. 

5.4. Data Collected and Power Produced for the 

Locality of Youaye 

The data provided by the test bench in Youaye show that a 

power rating of 6,80 kW is possible to supply a population 

with an electrical energy demand not exceeding 700 kW. On 

the one hand, this power profile highlights the abundance of 

sunshine in the locality of Youaye, and on the other, shows 

that it is possible to install a photovoltaic generator to meet 

this locality's demand. Figure 7 shows that power peaks are 

observed in June and July, corresponding to the amount of 

sunshine received at the surface of the solar panels. Sunshine 

levels are low around January and December, with active 

outputs of 180 kW and 220 kW respectively. This location 

therefore performs better in terms of indicators such as R2, 

RMSE, MAE, MBE and MARE. 
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Figure 7. The annual power profile from Youaye locality. 

6. Choice of the Selected Site 

It is important to know the value of the coefficient of de-

termination and of certain indicators such as the RMSE value 

to be able to make a conjecture about the efficiency of a model. 

In this section, these values are used to justify the power 

profiles or the extrapolation of photovoltaic solar power in the 

four selected localities. In this work, the four locations in the 

Far North region are chosen according to their abundance of 

sunshine. These tables show the various parameter values 

used to demonstrate the feasibility of the proposed model. 

Table 1 presents the values collected for the locality of 

Muidere, Table 2 shows the availability of the data collected 

for the locality of Bougaye, Table 3 provides the data for the 

locality of Youaye, while Table 4 presents the data for the 

locality of Hoyo. These data are calculated as weekly, 

monthly and annual averages. The values of the parameters of 

the R2 coefficient of determination are also determined to 

make the conjecture on the model and to justify the availa-

bility of sunshine in this locality. 

Table 1. Collected data from Muidere locality. 

Muidere 

Months RMSE MARE MAE MBE R
2
 

January 1.234 0.021 1.084 0.023 0.785 

February 0.214 0.012 0.452 0.012 0.854 

March 0.124 0.045 0.245 0.074 0.958 

April 0.254 0.078 0.245 0.024 0.845 

May 0.854 0.045 0.868 0.055 0.902 

June 0.456 0.024 0.258 0.084 0.98 

Muidere 

Months RMSE MARE MAE MBE R
2
 

July 0.784 0.055 0.452 0.046 0.894 

August 0.254 0.081 0.456 0.058 0.985 

September 1.003 0.085 0.245 0.078 0.945 

October 2.145 0.045 0.478 0.096 0.845 

November 0.254 0.088 0.235 0.053 0.902 

December 0.254 0.065 0.248 0.074 0.895 

Table 2. Collected data from Bougaye locality. 

Bougaye 

Months RMSE MARE MAE MBE R
2
 

January 1.023 0.021 0.254 0.045 0.789 

February 2.124 0.024 0.452 0.045 0.974 

March 0.124 0.022 0.245 0.023 0.901 

April 0.123 0.045 0.456 0.025 0.945 

May 1.235 0.047 0.457 0.089 0.852 

June 0.235 0.023 0.245 0.078 0.789 

July 0.112 0.07 0.456 0.045 0.952 

August 0.245 0.058 0.335 0.027 0.845 

September 0.287 0.055 0.456 0.096 0.774 

October 0.245 0.033 0.785 0.054 0.779 

November 3.081 0.081 0.254 0.043 0.802 

December 3.001 0.037 0.574 0.089 0.801 
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Table 3. Collected data from Youaye locality. 

Youaye 

Months RMSE MARE MAE MBE R
2
 

January 1.69 0.012 5.943 0.023 0.975 

February 0.491 0.096 0.624 0.086 0.958 

March 0.175 0.025 0.276 0.077 0.902 

April 2.081 0.078 2.606 0.045 0.958 

May 1.637 0.099 0.514 0.058 0.902 

June 0.783 0.086 0.294 0.045 0.942 

Youaye 

Months RMSE MARE MAE MBE R
2
 

July 0.738 0.068 2.068 0.021 0.945 

August 1.832 0.086 0.289 0.012 0.984 

September 0.788 0.081 0.271 0.045 0.974 

October 0.575 0.042 0.231 0.023 0.954 

November 0.752 0.096 0.327 0.045 0.896 

December 0.655 0.083 3.881 0.078 0.907 

 

Table 4. Collected data from Hoyo locality. 

Hoyo 

Months RMSE MARE MAE MBE R
2
 

January 1.245 0.015 4.045 0.012 0.745 

February 2.423 0.002 4.111 0.02 0.989 

March 0.235 0.023 2.012 0.045 0.921 

April 0.425 0.047 0.452 0.089 0.954 

May 1.789 0.022 0.44 0.065 0.742 

June 0.235 0.04 1.574 0.044 0.901 

July 0.456 0.087 2.001 0.022 0.902 

August 0.237 0.045 3.021 0.032 0. 968 

September 2.478 0.077 0.444 0.011 0.981 

October 1.356 0.056 0.234 0.045 0.785 

November 3.587 0.065 0.785 0.085 0.979 

December 0.412 0.023 3.456 0.074 0.881 

 

7. Comparison of Power Profile of the 

Selected Localities 

The results obtained in Figure 8 show that the locality of 

Youaye comes first with an electrical energy capacity of 7.6 

MW, followed by the locality of Muidere, where an observed 

power of 6.2 MW is produced. Bougaye comes last, with an 

output of 5.2 MW, followed by Hoyo. These profiles of 

photovoltaic power generated by locality give an idea of the 

level of sunshine observed in the various localities where the 

test benches have been installed, with a view to obtaining 

real-time data. It can be seen that the Youaye locality offers 

the best yields in terms of the production of a photovoltaic 

energy capacity capable of meeting this locality's demand for 

electrical energy. Bougaye, on the other hand, is not a suitable 

location for a high-capacity photovoltaic power plant. 

The average annual photovoltaic capacity of Youaye is 

6MW, while Muidere is 5MW, and Hoyo and Bougaye are 

5.2MW and 4.8MW respectively. 
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Figure 8. The annual power profile of the selected localities. 

Finally, Table 5 shows the various performance parameter 

values collected to demonstrate the reliability of the proposed 

method. This table summarizes the different values of the 

performance indicators for the four selected localities. We can 

see that for the locality of Youaye gives a RMSE= 2.025 and a 

R2 = 0.975. These parameters are necessary to select the best 

locality with the most sunshine. The Table 5 shows that 

Bougaye and Muidere are localities with low levels of sun-

shine and cannot be chosen for the implementation of a pho-

tovoltaic generator, as the population requires a lot of energy. 

The results obtained and contained in Table 5 allow us to 

conclude that not only are Hoyo's actual values inadequate to 

meet this locality's demand for electrical energy. It can be 

seen that the theoretical values are close to the experimental 

values or to the values collected in real time. This proves that 

the method of extrapolation by evaluating sunshine on the 

horizontal plane can be adopted. 

Table 5. Comparison of the results using localities data. 

Methods Muidere Youaye  Hoyo  Bougaye  

RMSE 3.025 2.025 0.235 0.254 

MARE 0.254 0.224 0.235 0.568 

MBE 0.365 0.024 0.324 0.845 

MAE 4.215 5.021 0.254 1.023 

R2 0.712 0.975 0.908 0.881 

8. Conclusion 

The results obtained by computing the coefficient of de-

termination, the MAE, the RMSE of the MBE and the MARE, 

allow us to demonstrate not only the performance of the 

proposed method, but also the effectiveness of the approach 

for the evaluation and implementation of a large-scale solar 

photovoltaic system. The global exploitation of sunshine has 

enabled us to determine the photovoltaic solar power for the 

different localities of Hoyo, Youaye, Bougaye and Muidere in 

the event of the implementation of a large-scale photovoltaic 

array in the selected localities. 

In the Youaye locality, the RMSE = 2.025 obtained, shows 

the importance of implementing a photovoltaic generator to 

meet the demand for electrical energy. The same applies to 

Muidere, where abundant sunshine provides an opportunity to 

install a photovoltaic generator with a capacity of up to 5.8 

MW. In Hoyo, on the other hand, there is not enough sunshine 

to meet the population's demand for a capacity of over 4MW. 

The aim is not only to carry out a horizontal but also an 

inclined evaluation of the teaching, in order to gain an overall 

view of the development of a high-capacity photovoltaic 

power plant capable of supplying all the isolated localities in 

the Far North region. Once this has been done, it will be pos-

sible to determine whether a wind generator is required, de-

pending on the availability of wind. A wind generator could 

be combined with a photovoltaic generator to provide a valid 

response to the demand for electrical energy from populations 

without electricity. This is because these localities are not 

supplied by the northern interconnected grid, even though they 

have significant photovoltaic energy potential. 

Abbreviations 

THD Total Harmonic Distortion 

MPPT Maximum Power Point Tracking 

PVG Photovoltaic Generators 
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P&O Perturb and Observe 

PWM Pulse Width Modulation 

PLL Phase-locked Loop 
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