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1. Introduction – the knowledge of the availability of solar resource is key to the decision on installation

of solar energy conversion system. In the development of solar energy conversion system, various time scales

of

solar resource assessment ranging from annual mean values to short-term characterization of solar radiation

and other relevant meteorological variables that affect the performance of the installation are required [1].

The main objective of this paper is to acquire and analyse solar radiation and Climatic data from the three

radiation regions in Nigeria. The magnitude and variability of solar radiation data may have significant impact

on the viability analysis of a solar energy project, its detail design as well as its economic

viability [1-5]. The three radiation zones showing the study areas are indicated Image I: Nigeria's solar radiation 
zones

[3] on the map (Image I) as Zone I for Maiduguri, Zone II for Minna and Zone II    for Port Harcourt.

2. Experimental – Daily average solar irradiance, air temperature, relative

humidity and sunshine hours data for (2006-2016) were collected from the

Nigeria Meteorological Agency. The data were analysed using Minitab 17 and

Microsoft Excel. The descriptive statistics which gives statistical information

such as mean, standard error of mean (SEM), standard deviation, quartile and

interquartile range (IQR) of the data were performed, and results obtained using

Minitab17. Regression and interaction analysis were performed to generate a

model and to also study the interaction between the independent variables. Boxplot and Normal distribution

were also used to analyse the data. Table 1 shows the study areas.

Table 1: Details of study area 

3. Results and Discussion - Tables 2, 3, 4 and 5 shows the descriptive statistics for solar irradiance, temperature,

humidity and sunshine hour respectively for the three cities for a period of 11 years (2006.2016).

Table 2: Descriptive statistics for 2006-2016 Solar Irradiance (W/m2): Maiduguri, Minna and Port 

Harcourt   
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The mean irradiance for Maiduguri is 265.6 W/m2 which is 10.9% and 21.8% higher than that of Minna and 

Port Harcourt respectively. The standard error of mean is 0.798, 0.633 and 0.596 for Maiduguri, Minna and Port 

Harcourt respectively.   

Table 3: Descriptive Statistics for Temperature (oC) 

Although Maiduguri has the highest maximum temperature of 41.95oC, its average temperature is lower than 

that of Minna. This is because Maiduguri although with highest temperature, its minimum temperature is the 

lowest. The high temperature is associated with high irradiance in Maiduguri.     

Table 4: Descriptive Statistics for Relative Humidity (%) 

From Table 4, the mean  relative humidity for Port Harcourt is 79.09% which about 58.5% higher than that for 

Maiduguri. This is an indication that Maiduguri is a desert area with low relative humidity. The harmattan 

season in Maiduguri is usually cold and dry.   

Table 5: Descriptive Statistics for Sunshine Hours (hour) 

Table 5 shows Maiduguri having average sunshine hour of 7.89 hours with Port Harcourt having average of 

3.57 hours. This clearly shows more prevalence and better prospect for the use of solar energy conversion 

system in Maiduguri than Port Harcourt.   

Figure 1 shows the normal distribution chart of the irradiances for the three cities under study. Three sigma or 

3 standard deviation limits was used to set the upper and lower limits for the solar irradiance for the three cities 

as depicted in the Normal Distribution curves in Figure 1. Majority of the data points fall into these limits except 

for 0.348%, 0.398% and 0.449% which fall outside the limits for Maiduguri, Minna and Port Harcourt 

respectively. The percentages for Maiduguri and Minna occur below the lower limit and none above the upper 

limit but the percentage for Port Harcourt combines data above the upper limit and those below the lower limit. 
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Figure 1: Normal Distribution for Solar Irradiance 

Data Analysis Using Boxplot   

The boxplot shows the visual representation of the five-number summary of the 11-year solar irradiance data. 

These are    

i. Minimum

ii. First Quartile  iii. Median (Second Quartile)  iv. 

Third Quartile

v. Maximum

The values are as indicated on the boxplot. The interquartile range (IQR) for the Maiduguri, Minna and Port  

Harcourt are 84.46, 63.63 and 52.06 respectively. The IQR box contains 50% of the total data. From the boxplot, 

75% of the data for Maiduguri has a solar irradiance of 225.6 W/m2 and above, while 75% of the data for Port 

Harcourt has a solar irradiance of 182.1 W/m2. The asterisks in the boxplot depict the outliers in the data. 

Maiduguri and Minna have outliers only below the lower limit while Port Harcourt has outliers both below the 

lower limit and above the upper limits.   

Figure 2 show the Box plot of the irradiances. The boxplot shows that 75% of the data for Maiduguri, Minna 

and Port Harcourt has an irradiance of 225.6, 205.9 and 182.1 W/m2 and above respectively   

*Outliers
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Figure 2: Boxplot for Solar Irradiance (W/m2)  Regression Analysis:  Average Irradiance versus 

Average Ambient Temperature, Average Relative Humidity and Average Sunshine hours    

The hypotheses for the F-test of the overall significance are as follows: 

• Null hypothesis: The model with no independent variable (intercept-only model) fits the data equally

as the above regression model.

• Alternative hypothesis: The fitted Regression model fits the data better than the intercept-only model.

The result of the Analysis of Variance (ANOVA) gives the overall assessment of the fitted model. It shows that 

the sum of squares of Regression (19,738.5) is greater than that of the error (SS error  = 2,715.4). The Fvalue 

for regression is 19.38, which is high. The P value for the F-test of overall significance test (0.001) is less than 

the significance level of 0.05, the null-hypothesis is therefore rejected, and it can be concluded that the above 

regression model provides a better fit than the intercept-only model. A P-value of 0.001indicates that the model 

is statistically significant, and it fits the data well.   

The Model Summary agrees with the Analysis of variance table. This summary table shows that the fitted 

regression model explains about 87.91% (R-sq = 87.91%) of the total variability in the data, leaving only 

12.09% (100-87.91) for error. This agrees perfectly with the Analysis of Variance Table above, indicating that 

the fitted regression model fits the data well.   

The Coefficients table gives the statistics for the coefficients in the fitted model.  From this table, it is observed 

that the variable (AVG AMB. TEMP_MDG) do not contribute significantly to the fitness of the model, as it has 

a p-value of 0.151, which is greater than 0.05 levels of significance. The variable (AVG. 

REL.HUMIDITY_MDG) is highly significant, with a p-value of 0.001, which is less than 0.05. This indicates 

that the variable contributes significantly to the goodness –of-fit of the fitted model.  The last variable (AVG. 

S/SHINE_HRS_MDG) has a p-value of 0.329, which is very high. This indicates that the variable does not have 

significant impact on the response variable, that is, it is not significant.     

Data Analysis using Interaction Plot 

Figure 10 presents the Interaction Plot for Average Irradiance. In any data analysis where there are more than 

one independent variable, it is important to analyse the interaction between the independent variable. This is to 

necessary to see if the interaction between the independent variable can affect the result of the response or 

GEET-19, Paris, 24-26 July 2019 Pag. 122



dependent variable. From the interaction plot of Figure 3, there is interaction between the independent variables 

( Average Ambient Temperature x Relative Humidity, Average Relative Humidity x Average Sun shine Hour, 

and Average Temperature x Average x Sun shine hour).    



Figure 3: Interaction Plot for average Solar Irradiance 

The effect of the interaction was subjected to Analysis of Variance (ANOVA) in order to determine whether 

the interaction is statistically significant or not. The result of the ANOVA is shown below:   

Analysis of Variance 

 Regression Equation

AVG Irradiance(W/m2) = -1481 + 48.1 AVG AMB. TEMP_MDG

+ 3.26 AVG. REL.HUMIDITY_MDG

+ 213 AVG. S/SHINE_HRS_MDG

- 0.182 AVG AMB. TEMP_MDG*AVG. REL.HUMIDITY_MDG

- 5.64 AVG AMB. TEMP_MDG*AVG. S/SHINE_HRS_MDG

+ 0.228 AVG. REL.HUMIDITY_MDG*AVG. S/SHINE_HRS_MDG

Model Summary 

      S          R2       R2(adj) 

18.5217  92.36%  83.19% 

The result of the Analysis of Variance gives the overall assessment of the fitted model for the interaction. It 

shows that the sum of squares of Regression (20,738.6) is greater than that of the error (SS error  = 1,715.3).  

The F-value for regression is 10.08, which is high. The P value for the F-test of overall significance test (0.011) 

is less than the significance level of 0.05, the null-hypothesis is therefore rejected, and it can be concluded that 

the above regression model provides a better fit than the intercept-only model. A P-value of 0.011 indicates that 

the interaction model is highly significant, and it fits the data well.   
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The Model Summary agrees with the Analysis of variance result. From this summary table, it can be seen  that 

the fitted regression model explains about 92.36% (R2  = 92.36%) of the total variability in the data, leaving 

only 7.64% for error. This agrees perfectly with the Analysis of Variance Table above, indicating that the fitted 

regression model fits the data well.     

4. Conclusions – These analyses show that average irradiance of Maiduguri is 10.9% and 21.8% higher than

that of Minna and Port Harcourt respectively. These are vital to the design of solar PV energy conversion system.

The available solar irradiance in the three locations studied shows that the development of solar PV system for

energy conversion is viable but better in Maiduguri than the other two locations.
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