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ABSTRACTABSTRACTABSTRACTABSTRACT    
The countries that are most energy-consuming, where there are industrial developments, 
where the energy demand is highest are the advanced and developing countries in the world 

(Mustafa, 2018). For instance, the average power per capital (watts per person) in the 
United States is 1,377 Watts. In Canada, it is as high as 1,704 Watts per person and in 
South Africa; it is 445 Watts per person. The average power per capital in Australia is 1,112 

Watts and in New Zealand it is 1,020 W per person. Whereas, the average power per 
capital (watts per person) in Nigeria is 14 W per person. (Austin, O. O et.al, 2020). Also, 

power supply in many parts of Africa is erratic and characterized with a lot of faults and 
outages. In Nigeria, it is estimated that only 40 % of Nigerians are connected to the 

national grid and the connected population are exposed to frequent power outages 
(Abubakar et al, 2015, Austin O.A, 2020). Unfortunately, the effects of incessant power 
supply have destroyed many industrial activities, reduced employment and has increased 
crime activities in many parts of the continent (Africa). Therefore, in order to provide urgent 

solution to these problems and satisfy the high energy demand in African residential and 

industrial environments, electrical energy should be reliable, affordable, effective, and 
sustainable. This calls for an urgent establishment of alternative Renewable Hybrid Power 
Supply System which will provide continuous, reliable and effective power supply to the 

consumers. Hence, in this research work, feasibility assessment of the study area for the 
establishment of Hybrid Power System (HPS) was carried out. The operating parameters 
and performances of the components of the Hybrid Power System were evaluated and the 

HPS Simulink models were developed using MATLAB/Simulink 8.1064 (2020a) version 

software. The Hybrid Power System Model (HPSM) developed comprises of Solar Photo 
Voltaic System (SPVS) and Wind Turbine Generator (WTG) Models. Simulation of the 
developed Simulink models were carried out. Optimization process was carried out using 

Optimum Power Point Tracking (OPPT) Techniques and Genetic Algorithms (G.A). 
Design processes and control algorithms were established for the production of reliable and 
efficient output power from the Hybrid Power System. Simulink and validation results 
obtained made it possible to generate and supply continuous, reliable, effective and stable 

electrical power to the consumers. Finally, the developed HPS model in this research work 

was found to be very useful for the establishment of Hybrid Power Plants which guarantees 
the supply of continuous, stable and reliable electric power for various residential and 

industrial consumers. 
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INTRODUCTION TO HYBRID RENEWABLE ENERGY INTRODUCTION TO HYBRID RENEWABLE ENERGY INTRODUCTION TO HYBRID RENEWABLE ENERGY INTRODUCTION TO HYBRID RENEWABLE ENERGY 
SYSTEMSYSTEMSYSTEMSYSTEM    

The demand for electricity which is increasing on daily basis cannot be fulfilled 
by non-renewable energy sources alone. Hence, there is a great need for 

harnessing the energy supplied by renewable energy resources. Hybrid 
renewable energy sources are emerging alternatives to provide solution to the 
incessant power supply and insufficient energy provided by the non-renewable 
energy sources. It is the composition of two or more renewable energy resources 

that work in stand-alone or grid connected mode. It can also be referred to the 
composition of two or more renewable energy resources with or without 

conventional energy sources. (Vikas Khare et.al, 2016). 
The combined utilization of these renewable energy sources is called Hybrid 
Renewable Energy Systems or Hybrid Electric Power System (HEPS). For 
optimum performance, two or more forms of energy resources are combined to 

form a hybrid energy system. This complements the drawbacks in each 
individual energy resources. (Ibrahim Baba Kyari, et. al, 2019).   

    
AIMAIMAIMAIM    
The aim of the research is to develop a wind and solar Hybrid Power System 
Model for the operation and design of renewable energy system and develop 
an effective Hybrid Power System model with Optimum Performance using 
Optimum Power Point Tracking (OPPT) Techniques. 

    
OBJECTIVES OBJECTIVES OBJECTIVES OBJECTIVES     

1. To evaluate the operating parameters and performances of the components 
of the Hybrid Power System Model (HPSM) 
2. To develop Simulink models of the HPSM using MATLAB/Simulink 
8.1.0604 (2020a) version software. 

3. To develop an effective Hybrid Power System model with Optimum 
Performance using Optimum Power Point Tracking (OPPT) Techniques. 

 
LITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEW    
Operating Performances of the Operating Performances of the Operating Performances of the Operating Performances of the Solar Photovoltaic System (SPVS)Solar Photovoltaic System (SPVS)Solar Photovoltaic System (SPVS)Solar Photovoltaic System (SPVS) 
A PV module or array is made up of a number of solar cells which are connected 

in series and parallel as shown in figure 2.1. When solar light radiation falls on 
PV cells, light energy is converted to electrical energy without any moving 

parts. The transmitted light is absorbed within the semiconductor, and 
electrical energy is generated by using this light energy to excite free electrons 
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 from the low energy status to an unoccupied higher energy level. As a result, 
electron-hole pair combinations will take place in the p-n junction 

semiconductor diode causing the flow of electrical current. The IV and PV 
characteristics of the solar PV module varies with different temperature and 

irradiance conditions. (Meenal Jain, Nilanshu Ramteke ,2013; Elias M.Salilih 
and Yilma T.Birhane, 2019) 
 

              
Fig, 2.1: Conversion of light energy to electrical energy in a Solar PV module  
 
SINGLE DIODE MODEL WITH SHUNT RESISTANCE SINGLE DIODE MODEL WITH SHUNT RESISTANCE SINGLE DIODE MODEL WITH SHUNT RESISTANCE SINGLE DIODE MODEL WITH SHUNT RESISTANCE     
The solar PV circuit model shown in figure 2.2 contains the current source Iph 
which depends on cell temperature and solar radiation, a diode in which the 

reverse saturation current (ID) depends mainly on the operating temperature, 
a series resistance (Rs). and a shunt resistance (Rsh  or Rp ) which takes into 

account the losses in PV cell. (Meenal Jain, Nilanshu Ramteke, 2013, Julius 
Simiyu e.tal 2019)    
              ���  
 

 
 
 
 

 
 

 
Figure 2.2: A single diode model with shunt resistance 
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Model equations of the output current of the solar photovoltaic is presented in 

equations 2.1 – 2.4 

��� =  �����   −  ���	 
. exp     � ���   � � ���� �       
���  − 1  � - �   �∗ � ��   �!"� "�#      $         2.2.2.2.1111 

Where  
 

i. N&  =   number of parallel cells 
ii. N3  =   number of series cells 
iii. ���  =  567867 96::;<7,  I? = Diode current 
iv. ICDE light generated photo current    

v. IH3 Ecell reverse saturation current at TKLM 

vi.  INO   = Short circuit current at reference temperature 25º C 
vii. IN  = Cell saturation current current at TKLM  

viii. TPQR =  SKLM = reference temperature in celsius

ix. The reference values will be taken from the PV module 
manufacturers datasheet for specified operating condition such as 
STC (standard test conditions) in which the irradiance is 1000W/m2 T.       KV    = Short circuit current temperature coefficient at  �	W"        

xi.     K = Boltzmann’s constant 1.38 * 10-23 J/K 
xii.     T = Cell temperature in Celsius 
xiii.     q = Charge of electron =  1.6 x  10YZ[   C 
xiv.  λ = Solar irradiation in Watts/m2       T\         E^=   Band gap energy for silicon and A = Ideality factor 

     xvi.    Tabc=  TKLM = Reference temperature in Celsius = 25 degree celsius 

     T\dd.     IN  = Cell saturation current at Tabc         T\ddd.    R3D  = Shunt resistance in ohms 

     TdT.   R3  = Series  resistance in oh
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 a.a.a.a. The reverse saturation current (Irs) gis given in equation                       �Kf   =  �	W   /  h. exp     ij∗ �klm       n����  − 1  o               2.22.22.22.2 

 
When a diode is reverse biased, the depletion region width increases and 

majority carriers move away from the junction such that there is no flow of 
current due to majority carriers. However, there are thermally produced 

minority electron hole pair combinations which are forward biased during 
reverse bias condition. These minority carriers will cause current to flow in 
the circuit. This current is usually very small (within the range of micro amp 
to nano amp). Since this current flow is due to minority carriers at a given 

temperature, the current is known as reversreversreversreverse saturation currente saturation currente saturation currente saturation current 
 
The saturation current (Is) is given in equation  

                     IN  = IH3   h ppqor
    sexp   t  E^∗   j ipY pqmu∗  v .p.pq w. x                    2.32.32.32.3 

Observation revealed that the photocurrent ��� varies with cell short circuit 

current �	W" , cell temperature T, cell referred temperatureSK, short circuit 
current temperature coefficient yZ and solar radiation S ( in mW/9zr ) as 
shown in the equation 2.4: 
 

                 ���   =       {�	W"   +  yZ }S −  SK~�  	Z��                                 2.42.42.42.4

  

    The Practical Single Diode PV Cell ModelThe Practical Single Diode PV Cell ModelThe Practical Single Diode PV Cell ModelThe Practical Single Diode PV Cell Model    
Figure 2.3 shows a practical single PV cell model with the mathematical model 

equations shown in equations 2.5 – 2.7 
 

I =  ���   −  ��  −  �f�                                                                                                                             2.52.52.52.5 

 
I = cell current,  ���  = 8ℎ575 96::;<7, ��   = diode current, A = diode 

constant, q = charge of the electron, K = Boltzmaan’s constant, �� = cell 
saturation current, V = cell voltage, 
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Figure 2.3: Practical single PV cell model 
 

T = cell temperature (K), �f  = series resistance and �f� = �ℎ6<7 :;�d�7�<9; 

Diode current ��   =  �� h. exp tj i � �! "�m���     −    1w  −  i � �! "�m"�#  o   2.2.2.2.6666 

Therefore, I =  ���   −  ��   �d�� �;95z; 

 I =  ���   −  �� h. exp tj i � �! "�m���     −    1w  −  i � �! "�m"�#  o    2.2.2.2.7777 

 

MAXIMUM POWER POINT TECHNIQUES (MPPT) IN A WTG MAXIMUM POWER POINT TECHNIQUES (MPPT) IN A WTG MAXIMUM POWER POINT TECHNIQUES (MPPT) IN A WTG MAXIMUM POWER POINT TECHNIQUES (MPPT) IN A WTG 
USING TIP SPEED RATIO (TSR) CONTROL TECHNIQUESUSING TIP SPEED RATIO (TSR) CONTROL TECHNIQUESUSING TIP SPEED RATIO (TSR) CONTROL TECHNIQUESUSING TIP SPEED RATIO (TSR) CONTROL TECHNIQUES    

Power generated in the wind turbine generator can be controlled by the Tip 
Speed Ratio (TSR) control techniques. This is done by keeping the Tip Speed 
Ratio in its optimal value in a variable speed generation.  Hence, the aim of 
this method of Maximum Power Point Techniques (MPPT) process is to 

determine the optimum TSR by measuring the wind speed and rotor speed 
using the mathematical model equation below.  

    The Tip Speed Ratio = 
"��                     

    Where      R = Radius of the turbine (m) 

                     ω = angular speed of the tip of a blade in rad/sec 
                                V = average wind speed in m/s 

 
i. The optimum tip speed ratio �Q�� is attained when the coefficient of 

performance ��  of the WTG is maximum as shown in the figure 2.28. For 

Wind Turbine generator, coefficient of performance ��  is less or equal to 

0.593 
ii. The maximum  rotor speed of the wind Turbine generator can then be 

obtained  

 Optimum rotor speed = �Q��VR�R = 
�k������"   ��VP�f�LL�     2.82.82.82.8 

Hence, the maximum Power Point is obtained when the rotor is running at 
optimum rotor speed (�Q��VR�Rm  .  
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 Maximum Power Point is obtained when the turbine shaft (�Km  is optimum 
as shown in figure 2.4 

 
 

 
 
 
   

 
 

 
 
 
 

    
    
Figure Figure Figure Figure 2.42.42.42.4: showing the coefficient of performance, : showing the coefficient of performance, : showing the coefficient of performance, : showing the coefficient of performance, ��, and the Tip Speed and the Tip Speed and the Tip Speed and the Tip Speed 

Ratio Ratio Ratio Ratio λ    

       
 

 
 
 
 

 
 

 
 
 
 

Figure Figure Figure Figure 2.52.52.52.5:  Wind Turbine Power Curve:  Wind Turbine Power Curve:  Wind Turbine Power Curve:  Wind Turbine Power Curve    
    

If the angular speed is higher than the reference or desired turbine shaft speed 
at which maximum power can be obtained, then, the angular speed should be 
reduced in order to obtain the maximum output power. If the angular speed is 
lower than the turbine shaft speed at which maximum power can be obtained, 
then, the angular speed should be increased This process of changing the 
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angular speed of the turbine in order to obtain maximum output power is called 
Maximum Power Point Tracking.     

    
Maximum Power Point Tracking TechniquesMaximum Power Point Tracking TechniquesMaximum Power Point Tracking TechniquesMaximum Power Point Tracking Techniques 

Solar and wind require special control system unlike diesel power plant or 
generator in which output power is controlled by varying the speed of the rotor, 
changing the magnetic field around the stator and the rotor and controlling the 
inflow of fuel. Maximum Power Point can be obtained in a Wind Turbine 

Generator (WTG) by using Perturb and Observe (P & O) or Hill Climb 
Searching (HCS) iteration method, Optimum Torque Control (OTC) and 

Optimum Tip Speed Ratio Control (OTSR). The amount of electrical energy 
generated in a wind turbine generator depends on rotational speed of the rotor. 
The rotational speed should be varied in order to obtain optimum Tip Speed 
Ratio (TSR) shown in figures 2.4 and 2.5.  

 
The Tip Speed Ratio was obtained from the ratio of the rotational speed of the 

tip of a blade to the wind speed, V in a given direction.  
Measurement of the speed of the blade was done by using tachometer. The 
wind speed was measured by using anemometer. The value of the TSR 
obtained was compared with the optimum value of the TSR which has been 
stated on the generator. This was done continuously and the difference was 
fed back into the controller which adjusted the speed of the WTG to operate 

at or close to the optimum value of the TSR. Maintaining optimum TSR leads 
to the generation of electric power in a Wind Turbine Generator at maximum 

point and efficiency.  
    
Maximum Power Point Tracking Techniques in Solar PhotoMaximum Power Point Tracking Techniques in Solar PhotoMaximum Power Point Tracking Techniques in Solar PhotoMaximum Power Point Tracking Techniques in Solar Photo----Voltaic SystemVoltaic SystemVoltaic SystemVoltaic System    
In a photo-voltaic System, maximum power point can be obtained by varying 

solar insolation. This can be done by using stepper motor control system, 
Perturb and Observe (P & O) or Hill Climb Searching (HCS) iteration 

method, Open Circuit Based MPPT Techniques (OCBT), Incremental 
Conductance Method (ICM), Look Up Table and Curve Fitting Method 
(LTCFM), and Parasitic Capacitance Algorithm (PCA). With these MPPT 
tracking techniques, installation cost will reduce, efficiency will increase, and 

the performance and efficiency of the hybrid system will increase.  
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 Perturb and Observe Method (P & O) Perturb and Observe Method (P & O) Perturb and Observe Method (P & O) Perturb and Observe Method (P & O)     
P&O is the most often and widely used method because of its simple feedback 

structure and fewer measured parameters. P&O for solar system involves 
periodically increase or decrease of solar output voltage and look for the 

corresponding power change. If a given perturbation leads to an increase in the 
array power then the subsequent perturbation is done in the same direction 
otherwise perturbation is done in opposite direction. Maximum power is 
obtained when the derivative of variation of output power to voltage shown in 

figure 2.6 is zero.  
 

                                                                                                      MPP is obtained 

when 
���� = 0      

 
 

 
 
 
 

 
 

 
Fig. 2.6: Maximum Power Point Tracking in Solar Photo-Voltaic System  
 

Modelled Wind Power SystemModelled Wind Power SystemModelled Wind Power SystemModelled Wind Power System    
The model equation for wind power system is shown in equation 2.9: 

 

             ��VP�  = 
Z�  �� �� �  �r                           2.2.2.2.9999 

Where 
(P)  = Power Output of the wind turbine in kilowatts 
(ρ)   = Air Density, measured in kilogram per cubic meter 
(A)  = intercepting area of the rotor blade in square meter 
(V)  = Wind Speed, miles/seconds λ = Tip Speed Ratio (TSR) 

 
(Cp) = Turbine power efficiency coefficient or coefficient of performance, 

Bertz coefficient which is a maximum of 0.593 
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METHODOLOGYMETHODOLOGYMETHODOLOGYMETHODOLOGY    
This research work developed a Hybrid Power System Model for feasibility 

assessment and establishment of renewable energy. It provides reliable, 
efficient and low-cost electric power from Hybrid Electric Power System 

(HEPS) model shown in figure 3.1. 
 
        FiFiFiFigure 3.1: Hybrid Electric Power System (HEPS)gure 3.1: Hybrid Electric Power System (HEPS)gure 3.1: Hybrid Electric Power System (HEPS)gure 3.1: Hybrid Electric Power System (HEPS)     
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                                                                                                                                                                                                                                                                                                                                                                                                                �£     
    

    
    

    
    
    
    

    
    

Figure 3.1: Hybrid Electric Power System (HEPS)Figure 3.1: Hybrid Electric Power System (HEPS)Figure 3.1: Hybrid Electric Power System (HEPS)Figure 3.1: Hybrid Electric Power System (HEPS) 
 
Energy Energy Energy Energy Consumption and Meteorological Data AnalysisConsumption and Meteorological Data AnalysisConsumption and Meteorological Data AnalysisConsumption and Meteorological Data Analysis    
Energy audit data and Meteorological data were collected from Kwara State 

University with energy consumption in watt hour given as 1,865,500 Watt hour 

This implies that the total energy to be supplied = 1,865,500 Wh  

Watt peak = 
¨a©H^ª «b ¬© 3CC®¯©°P�R±LK QM �Q�Kf QM f�P²V³�� = 

Z,´µ¶,¶�� ·D¸  = 266,500 

Number of 325 W panels =  
·¹«« C©¹º»¼��¼³L QM ¼ fQ²¼K �¼PL² =  

�µµ,¶��r�¶  = 820 

System voltage = Voltage of a battery x number of batteries in series = 12 X 
82 = 924 V 

Consumer loads 

Alternate 

Energy Source 
Wind Turbine 

Generator 

Solar 

Array 
Inverte

r 

Charge 

controller  

Battery 
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 Charge to be stored in the solar system = 
½K¼P� �Q�¼² LPLK³¾ ¿ �¼¾ifm QM ¼��QPQR¾PQRQVP¼²  �Q²�¼³L         3.3.3.3.1111 

Charge to be stored in the solar system = 
 Z,´µ¶,¶��  ¿ ZZ�     = 155,485.33 Ampere 

hour (Ah) 

System Current = 
pb«¹® CbÀ©H  f¾f�LR ÁQ²�¼³L   = 

�Â¶,�¸r.Â [�Â   = 265.231 A  

Land Area = Area of one module x number of modules = 1.63 x 820 = 1,328.4z� 
200 Ah batteries were used at the reference area. 
 
Hence,  

Number of batteries required = 
OD¹H^© «b ¬© 3«bH©° ¯a «D© 3b®¹H 3ª3«©c�.´¶ ¿ K¼�VP³ QM ¼ ±¼��LK¾ VP �� ¿ �L��� QM �VfÃ�¼K³L   3.3.3.3.2222    

 

The depth of discharge is 70% while 0.85 accounts for battery loss 

Hence, number of batteries required = 
Z¶¶,Â´¶.rr  �.´¶ ¿ ��� ¿ �.¸ = 1306.599, approximately 

equal to 1,307 
1. Latitude (ψ ) and longitude of the location are  8� �,  5� E respectively 
2. Average solar insolation: 278–330 days of sun per year with daily average 

sunshine ranging from 6 hours during the rainy season to 9 hours in dry 

season 
3. Solar radiation is the incident energy per unit area on a surface. 

Solar irradiance (SI) is the power per unit area (watt per square metre, 
W/m2) received from the Sun in the form of electromagnetic radiation 

Maximum power is generated when the tilt angle is equal to the latitude of 
the location.      

4. The monthly average clear sky daily global irradiance (ÄW m for the location 
in Wh/z� /day can be estimated using equation 3.9. 

 

    ÄW =  �Â Å !�lÆ   h1 + 0.033 cos trµ�Prµ¶ woxcos ø cos δ sin �f + t�Æ��rµ� w sin ø sin δ   3.3.3.3.3333             �fÃ  =   solar constant = 1000 W/z� 
           n = average daylight length 

           N = maximum possible sunshine duration 
           H = monthly average daily global radiation in Wh/z�/day ÄW  = monthly average clear sky daily global radiation for the location in 
Wh/z� /day  
a and b are empirical constants ÉQ = eccentricity correction = 1 +   0.033 cos trµ�P�rµ¶ w     
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Where nd is the number of days in the year starting 1st of January to December 

31st = 365,  ÉQ = eccentricity correction = 1 +   0.033 cos trµ�P�rµ¶ w      3.3.3.3.4444 

= 1 +   0.033 cos 360  = 1.33 
5. The angle measured from the centre of the sun to the centre of the earth is 

known as angle of declination δ.  This value was obtained using equation 

3.5 

                         δ = 23.45 sin h360  t�´Â �  P rµ¶ wo       3.3.3.3.5555 

          = 23.45 sin h360  t�´Â �  rµ¶ rµ¶ wo = 23.45 sin h360  tµÂ[ rµ¶wo 

                      = 23.45 sin }640.11~   = 23.086 
Latitude of the location = ψ = 8� 24Ì = 8.4�, daily average value of sun shine 

length N = 
�Z¶  Íf    

Where Íf   = mean sunset hour angle, N = daily average value of sun shine 
length and n = number of hours in a day 

a = - 0.11 + 0.235 cos ψ   +   0.323 
Pn                           3.3.3.3.6666 

   = - 0.11 + 0.235 cos 8.4   +   0.323 
�Â̧

  = - 0.11 + 0.2323 + 1.1074 =   1.2297 

           b = 1.45 + 0.553 – 0.694 
Pn                                          3333.7.7.7.7 

                 = 1.45 + 0.553 – 0.694 
�Â̧

    = - 0.3764 

Where,      clearness index,  Î�   = 
ÏÏk   = a   + b hPno              3.3.3.3.8888 

ÏÏk    =1.2297   + - 0.3764h�Â̧o  = - 0.0606 

 
Defined as the surface radiation divided by the extraterrestrial radiation. It 

represents the fraction of the solar radiation that is transmitted through the 
atmosphere to strike the surface of the earth.  

    
RESULRESULRESULRESULTS OF THE OUTPUT CURRENT OF THE TS OF THE OUTPUT CURRENT OF THE TS OF THE OUTPUT CURRENT OF THE TS OF THE OUTPUT CURRENT OF THE 
PHOTOVOLTAIC CELLPHOTOVOLTAIC CELLPHOTOVOLTAIC CELLPHOTOVOLTAIC CELL    
The output current of the Photovoltaic cell, I, under varying irradiance and 

temperature were obtained using equations 4.1 – 4.3 and the results were 
simulated using Matlab Simulink Software.      

   I = ���  -  �f hexp t j�kl�Ð�l  w     − 1 o                 4.14.14.14.1 

   ��� =  Ñ�fÃ     +   ÎV   ÒSW −  SKLMÓÔ             4.24.24.24.2 
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 �	   =  �"	 s �l�ÕÖ×xr
  exp Øj ÙÚ     Û ÜÝÕÖ×  Y ÜÝlÞ

�� ß       4.34.34.34.3 

I = output current of the Photovoltaic cell ���  = photo current �f     = saturation current 
q= elementary charge = (1.6022×10−19) C  �QÃ  = open circuit voltage of a module = 3.1 V       

A = Ideality factor (IF) = 1.13 
K=Boltzmann's constant = 1.38  T 10Y�r J/Î SÃ = temperature of the location  �fÃ = short circuit current at reference temperature of 25� C and solar radiance 
of 1000 W/z�= 13.1362 A ÎV  = short circuit current temperature coefficient = - 0.03 

Photo current at 40� C was obtained using equation 4.1 
             ��� =  Ñ�fÃ     +   ÎV   ÒSW −  SKLMÓÔ x à 

 ��� =  ⌈13.1362 +  −0.03 i40 −  25m⌉ x 1  

 ��� =  ⌈3.1362 +  −0.45 ⌉  = 12.6862 A  

 
THE REVERSE SATURATION CURRENT (IRS) OF THE PHOTOVOLTAIC THE REVERSE SATURATION CURRENT (IRS) OF THE PHOTOVOLTAIC THE REVERSE SATURATION CURRENT (IRS) OF THE PHOTOVOLTAIC THE REVERSE SATURATION CURRENT (IRS) OF THE PHOTOVOLTAIC 

CELL CELL CELL CELL     

The reverse saturation current (Irs) at reference temperature and at varying 
temperature were obtained and the results were simulated using Matlab 

Simulink Software.                     �Kf   =  �	W   /  h. exp     ij∗ �klm       n����   o  - 1 

 

          �Kf   =   Zr.Zrµ�
s. ©ãC     ÒÜ.äå ÜæçÜè ∗é.ÜÓ       êë å Ü.Üé å  Ü.éê  å Üæçëé å ëì   x YZ   

 

        �Kf   =   Zr.Zrµ�}. ©ãC   Z¶.¶Z¶µ  ~ YZ   
 

        �Kf   =   Zr.Zrµ�¶.Â¸Â,Âr¸.�ZÂµ   
 

         �Kf   =   2.3996 T 10Yµ  A 
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THETHETHETHE    SATURATION CURRENT (IS) OF THE PHOTOVOLTAIC CELL SATURATION CURRENT (IS) OF THE PHOTOVOLTAIC CELL SATURATION CURRENT (IS) OF THE PHOTOVOLTAIC CELL SATURATION CURRENT (IS) OF THE PHOTOVOLTAIC CELL     

The saturation current of the solar module at cell temperature of 30, 40, 60 and 
80 oC were obtained as follows: 

             �	   =  �Kf ¼� KLM �LR� s �l�ÕÖ×xr
  exp Øj ÙÚ     Û ÜÝÕÖ×  Y ÜÝlÞ

�� ß 

             �	   =  2.3996 T 10Yµ   hÂ��¶or
  exp �Z.µ���×Z�YZ[ ï  Z.Z� L�  t Üëì  Y Üðæw¶.µ¸  ¿ Z�çê  ï Z.Zr $ 

   �	   =  0.0000098288  exp }0.02762 T 10YZ¶~ 
  �	   =  0.0000098288 A 

    
THE OUTPUT CURRENT (I) OF THE PHOTOVOLTAIC MODULETHE OUTPUT CURRENT (I) OF THE PHOTOVOLTAIC MODULETHE OUTPUT CURRENT (I) OF THE PHOTOVOLTAIC MODULETHE OUTPUT CURRENT (I) OF THE PHOTOVOLTAIC MODULE    

The output Currents (I) of the Photovoltaic module were determined using The output Currents (I) of the Photovoltaic module were determined using The output Currents (I) of the Photovoltaic module were determined using The output Currents (I) of the Photovoltaic module were determined using 
equationequationequationequation    

  I = ���  -  �f hexp t j�kl�Ð�l  w     − 1 o 

I = 12.6862 -  0.0000098288  hexp t Z.µ���×Z�çÜè  ¿ r.Z   Z.Zr ï    Z.r´  ¿ Z�çëé  ï Â� w     − 1 o 

            I = 12.6862 -  0.0000098288 }expi9.7106 T 10Â m     − 1 ~ 
 I = 12.6862 -  0.0000098288 }16,490.493~ 

            I = 12.6862 -  0.16208 = 12.5241 A SKLM = reference temperature É½  = band gap energy of the semiconductor material used = 1.12 electron volt 
(eV) �"	  = reverse saturation current at reference temperature of 25� C and solar 
radiance of 1000 W/z�  = 2.3996 x 10Yµ A 
    
THE MAXIMUM POWER OF THE SOLAR MODULE AT VARYING THE MAXIMUM POWER OF THE SOLAR MODULE AT VARYING THE MAXIMUM POWER OF THE SOLAR MODULE AT VARYING THE MAXIMUM POWER OF THE SOLAR MODULE AT VARYING 

TEMPERATURETEMPERATURETEMPERATURETEMPERATURE    

The Maximum power of the solar module at varying temperature were 
obtained and presented in figure 4.1 and table 4.1. We have taken 325 W silicon 

solar PV module as reference in this research work. The currently highest 
power polycrystalline silicon 60cell module is 325W.  
 
Temperature coefficient of the maximum output power (Pmax) at STC is -

0.41%/°C. 
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 With the solar module reaching 65°C, the power loss of this module was 
obtained as follows: 

a. 65°C – 25°C = 40°C, which is the temperature difference between the 
module’s Pmax at STC and the temperature of 65°C reached by the 

cells 
b. 40°C x -0.41% = -16.4%, that means that the module loses 16.4% in 

power output when the cells reach 65°C 
c. Power loss in the solar module = -16.4% x 3250W = 53.3 W.  

d. The maximum power this module will operate at 65°C = 271.7 W.  
e.  

Table Table Table Table 4.14.14.14.1    Power loss in the Solar Photo Voltaic System with change in Power loss in the Solar Photo Voltaic System with change in Power loss in the Solar Photo Voltaic System with change in Power loss in the Solar Photo Voltaic System with change in 
temperaturetemperaturetemperaturetemperature    

    

S/NS/NS/NS/N    Temperature Temperature Temperature Temperature     T T T T ––––    25252525    (T (T (T (T ----25)x 25)x 25)x 25)x ----
0.410.410.410.41    

Power Power Power Power 
loss (W)loss (W)loss (W)loss (W)    

Output Output Output Output 
power (W)power (W)power (W)power (W)    

1111    25252525    0000    0000    0000    255255255255    

2222    30303030    5555    ----2.052.052.052.05    5.2275.2275.2275.227    249.773249.773249.773249.773    

3333    40404040    15151515    ----6.156.156.156.15    15.68315.68315.68315.683    239317239317239317239317    

4444    60606060    35353535    ----14.3514.3514.3514.35    36.58336.58336.58336.583    218.417218.417218.417218.417    

5555    80808080    55555555    ----22.5522.5522.5522.55    57.50357.50357.50357.503    197.498197.498197.498197.498    

 

The Subsystem Reverse Saturation Current under Varying Temperature The Subsystem Reverse Saturation Current under Varying Temperature The Subsystem Reverse Saturation Current under Varying Temperature The Subsystem Reverse Saturation Current under Varying Temperature 
Conditions and the Simulink ModelConditions and the Simulink ModelConditions and the Simulink ModelConditions and the Simulink Model    
The subsystem reverse saturation current takes short circuit current, electric 
charge, open circuit voltage, ideality factor, temperature, open circuit 

voltage, number of series cells and Boltzmann’s constant as input 
parameters  

The reverse saturation current (Irs) is given by                                         �Kf   =  �	W   /  h. exp     ij∗ �klm       n����  − 1  o     
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Figure Figure Figure Figure 4.14.14.14.1: Power loss in the Solar Photo Voltaic System with change in : Power loss in the Solar Photo Voltaic System with change in : Power loss in the Solar Photo Voltaic System with change in : Power loss in the Solar Photo Voltaic System with change in 

temperaturetemperaturetemperaturetemperature    
 

Reverse saturation currents which vary with temperature were obtained and 
shown in table 4.2. The simulation results were presented in figure 4.2  
 
Table Table Table Table 4.24.24.24.2:  Irs for various temperature:  Irs for various temperature:  Irs for various temperature:  Irs for various temperature    

 

S/N               Temperature (oC) Reverse Saturation 

Current (A) 

1 25 2.3996 x 10Yµ 

2 30 3.1800 x 10Y¶ 

3 40 8.0725 x 10YÂ 

4 60 2.0200 x 10Y� 

5 80 1.0379 x 10YZ 

6 100 2.7731 T 10YZ 
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 The Simulink model for reverse saturation current was implemented in Fig. The Simulink model for reverse saturation current was implemented in Fig. The Simulink model for reverse saturation current was implemented in Fig. The Simulink model for reverse saturation current was implemented in Fig. 
3.4. 3.4. 3.4. 3.4.     

 

          
 
Fig.4.2. Subsystem of reverse saturation current 
 

The subsystem module saturation current which varies with the cell 
temperature. These values were obtained and presented in table 4.3                         IN  = IH3   h ppqor

    sexp   t  E^∗   j ipY pqmu∗  v .p.pq w. x          

Table Table Table Table 4.3 4.3 4.3 4.3 : : : : Sauration current  IN  for various temperatures  
 

S/N Temperature (oC) Saturation Current 
(A) 

1 25 2.3996 x 10Yµ 

2 30 4.1465 x 10Yµ 

3 40 9.8280 x 10Yµ 

4 60 3.3172 x 10Y¶ 

5 80 7.8600 x 10Y¶ 

6 100 1.5357 x 10YÂ 

        
The sub-system saturation current Simulink model was implemented and the 

result presented in figure 4.3 
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Figure 4.3: Subsystem of module saturation current. 

 
The Subsystem Output Current Simulink ModelThe Subsystem Output Current Simulink ModelThe Subsystem Output Current Simulink ModelThe Subsystem Output Current Simulink Model    

The subsystem output current ��� mathematical model was simulated and 
the result was presented in figure 4.4 

        I = �� h���  −  �Kf    〈exp tj i � �! "�m��� n�     −    1w 〉  o  
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 Figure Figure Figure Figure 4.44.44.44.4: Subsystem of module output current.: Subsystem of module output current.: Subsystem of module output current.: Subsystem of module output current.    
The final model which produced the output current-voltage characteristics, 

and power-voltage characteristics of the solar system for varying irradiance 
and temperature are shown in figure 4.5 

             
 
 

Fig. 4.5 : The final model produced the output voltage, current and power under 
varying irradiance and temperature  
 
    Optimum Power Point Tracking TechniquesOptimum Power Point Tracking TechniquesOptimum Power Point Tracking TechniquesOptimum Power Point Tracking Techniques    

Wind Turbine Generator Wind Turbine Generator Wind Turbine Generator Wind Turbine Generator Optimum Power Point Tracking TechniquesOptimum Power Point Tracking TechniquesOptimum Power Point Tracking TechniquesOptimum Power Point Tracking Techniques    
a. Tip Speed Ratio Control methodTip Speed Ratio Control methodTip Speed Ratio Control methodTip Speed Ratio Control method 

Power generated in a wind turbine generator was controlled using Tip Speed 
Ratio (TSR) control technique. The aim of this method of optimization process 
was to determine the optimum TSR. From the optimum TSR, the optimum 
angular rotor speed was obtained.  

The TSR obtained was compared with the optimum value of TSR, which is 
already stored in the power system. The difference in the two values of TSR 

is fed to the controller which adjusted angular speed of the generator in order 
to ensure maximum power output as shown in the figure 4.6. 
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   Ref TSR                      Power 

Output 
 

 
   
 Load 

                                                                   

                                                                                                   
                         WTG TSR 

 
 
 
  

 
Wind speed, V                                Turbine speed, ô speed 

 
Figure Figure Figure Figure 4.4.4.4.6: Working principle of TSR control 6: Working principle of TSR control 6: Working principle of TSR control 6: Working principle of TSR control techniquestechniquestechniquestechniques    
 
Data Acquisition for tData Acquisition for tData Acquisition for tData Acquisition for the Wind Turbine Generator (WTG)he Wind Turbine Generator (WTG)he Wind Turbine Generator (WTG)he Wind Turbine Generator (WTG)    
A 3.5  kW  wind turbine generator proposed in Lagos State, Nigeria is taken 
as reference. The radius of the turbine blade is 1.12m. Average wind speed is 
7m/s. Maximum  Bertz coefficient of performance, ��, is 0.5. Air density = 1.3 

kg/zr. Optimum Tip speed ratio , �Q�� is obtained when �� is maximum. 

Optimum rotor speed, �Q�� is obtained during this Optimum Tip speed ratio 

as shown below. 

Optimum Tip Speed Ratio = �Q�� =  ��W�  õ �  �é 

              =  
�  ¿ r,¶���.¶ ¿  Z.r ¿ r.[Â ¿ ¸é    = 7.9688 

 The Optimum rotor speed, �Q��  was obtained for the proposed wind turbine 

generator as follows: 

Optimum Rotor Speed Ratio = �Q�� =  �k��   ¿ �"  

              =  
¸.[µ´´ ¿ ¸Z.�      =  49.805 rad/sec 

The tip speed ratio, angular rotor speed and output power generated is 

presented in table 4.4a and b 

 

 
Controller   Wind Energy 

system                     



 

 

 

21 | I J E E S DI J E E S DI J E E S DI J E E S D  

 

 

International Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific Discovery    
ISSN:  2536ISSN:  2536ISSN:  2536ISSN:  2536----7250 (Print): 25367250 (Print): 25367250 (Print): 25367250 (Print): 2536----7269 7269 7269 7269 (Online)(Online)(Online)(Online) 

Volume Volume Volume Volume 7777, Number , Number , Number , Number 2, June 20222, June 20222, June 20222, June 2022    
http://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.com    

 
Rô 0 33.6 36 44.8 50 56 60 67.2 75 78.4 

10
0 

Power 
Output 
(Watts

) 0 

106

0 2100 

240

0 3100 3200 3100 

280

0 2200 1200 0 

The tip speed ratio, angular rotor speed and output power generated is 

presented in table 4.4a 
 

S/N Radius 
of blade 

ô V Rô Tip 
Speed 
Ratio 

Power 
Output 

1 1.12 30 7 33.6 4.8 1,060 

2 1.12 40 7 44.8 6.4 2,400 

3 1.12 50 7 56.0 8.0 3,200 

4 1.12 60 7 67.2 9.6 2,800 

5 1.12 70 7 78.4 11.2 1,200 

The tip speed ratio, angular rotor speed and output power generated is 
presented in table 4.4b 
The characteristics of the rotor speed and the output power generated is 

presented in figure 4.7 

 
Figure 4.7: characteristics of the rotor speed and the output power generated 
from the wind turbine generator 
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Table 4.Table 4.Table 4.Table 4.5555    Shows the Monthly Output Power Produced by the Proposed Wind Shows the Monthly Output Power Produced by the Proposed Wind Shows the Monthly Output Power Produced by the Proposed Wind Shows the Monthly Output Power Produced by the Proposed Wind 
Turbine Generator in WattsTurbine Generator in WattsTurbine Generator in WattsTurbine Generator in Watts    

    
S/NS/NS/NS/N    

    

 

MonthsMonthsMonthsMonths    Average Power Average Power Average Power Average Power 

Generated (Watts)Generated (Watts)Generated (Watts)Generated (Watts)    

Average WindAverage WindAverage WindAverage Wind    Speed Speed Speed Speed 

in m/sin m/sin m/sin m/s    

1    
January    

 
1600 

3.80 

2    
February    

 

1800 

4.22 

3    
March    

 

2100 

5.60 

4    
April    

 

2200 

5.81 

5    May    2600 7.10 
6    June    2100 5.60 

7    July    1820 4.22 

8    August    2140 5.61 
9    September    3200 9.00 
10    October    2860 8.40 

11    November    1400 3.30 
12 December 1650 4.00 

    
    
TaTaTaTable 4ble 4ble 4ble 4.5.5.5.5: Monthly Output Power Produced by the Proposed Wind Turbine : Monthly Output Power Produced by the Proposed Wind Turbine : Monthly Output Power Produced by the Proposed Wind Turbine : Monthly Output Power Produced by the Proposed Wind Turbine 
Generator in WattsGenerator in WattsGenerator in WattsGenerator in Watts    
Figure 4.8 shows the Monthly Output Power Produced by the Wind Turbine 

Generator in Watts 

    
    

16001800
21002200

2600
2100

1820
2140

3200
2860

14001650

0
500

1000
1500
2000
2500
3000
3500

A
V

E
R

A
G

E
 P

O
W

E
R

 

P
R

O
D

U
C

E
D

 B
Y

 T
H

E
 W

IN
D

 

T
U

R
B

IN
E

 G
E

N
E

R
A

T
O

R
  

(W
A

T
T

S
)

Months of the Year

Average Power Generated (Watts)



 

 

 

23 | I J E E S DI J E E S DI J E E S DI J E E S D  

 

 

International Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific Discovery    
ISSN:  2536ISSN:  2536ISSN:  2536ISSN:  2536----7250 (Print): 25367250 (Print): 25367250 (Print): 25367250 (Print): 2536----7269 7269 7269 7269 (Online)(Online)(Online)(Online) 

Volume Volume Volume Volume 7777, Number , Number , Number , Number 2, June 20222, June 20222, June 20222, June 2022    
http://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.com    

 Figure 4.Figure 4.Figure 4.Figure 4.8888: Monthly Output Power Produced by the Proposed : Monthly Output Power Produced by the Proposed : Monthly Output Power Produced by the Proposed : Monthly Output Power Produced by the Proposed Wind Turbine Wind Turbine Wind Turbine Wind Turbine 
Generator in WattsGenerator in WattsGenerator in WattsGenerator in Watts    

Figure 4.Figure 4.Figure 4.Figure 4.9 9 9 9 Shows the Monthly Average Wind Speed at the Reference Area in Shows the Monthly Average Wind Speed at the Reference Area in Shows the Monthly Average Wind Speed at the Reference Area in Shows the Monthly Average Wind Speed at the Reference Area in 
Meter/SecondMeter/SecondMeter/SecondMeter/Second    

    

    
Figure 4.Figure 4.Figure 4.Figure 4.9999: Monthly Average Wind Speed at the Reference Area in : Monthly Average Wind Speed at the Reference Area in : Monthly Average Wind Speed at the Reference Area in : Monthly Average Wind Speed at the Reference Area in 
Meter/SecondMeter/SecondMeter/SecondMeter/Second    
 
Solar Solar Solar Solar Energy Audit Data and Meteorological Data and Energy Audit Data and Meteorological Data and Energy Audit Data and Meteorological Data and Energy Audit Data and Meteorological Data and Parameters of the Parameters of the Parameters of the Parameters of the 

Reference SiteReference SiteReference SiteReference Site    
Electrical Parameters of Photo-Voltaic cells were measured at specified 

temperature of 25 °C, solar irradiances 1000 W/m2 and air mass 1.5 AM. 
The number of solar panels at the reference area is 820. The solar module is 325 
W each and the area of each module is 1.63zr. The efficiency of the solar cell 
is 83.6 and the average annual solar radiation is 1367 kWhzY�.  

a. Energy consumption at the study area in watt hour = 1,865,500 Watt hour 

This implies that the total energy to be supplied = 1,865,500 Wh
  

Watt peak = 
¨a©H^ª «b ¬© 3CC®¯©°P�R±LK QM �Q�Kf QM f�P²V³�� 

Watt peak = 
Z,´µ¶,¶�� ·D¸  = 266,500 

Number of 325 W panels =  
·¹«« C©¹º»¼��¼³L QM ¼ fQ²¼K �¼PL²  

Number of 325 W panels =  
�µµ,¶��r�¶  = 820 
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b. System voltage = Voltage of a battery x number of batteries in 
series  

                      = 12 X 10 = 120 V 
c. Charge to be stored in the solar system = ½K¼P� �Q�¼² LPLK³¾ ¿ �¼¾ifm QM ¼��QPQR¾	¾f�LR �Q²�¼³L  

Charge to be stored in the solar system = 
 Z,´µ¶,¶��  ¿ ZZ��  

                                                                                    = 15,545.833 Ampere hour (Ah) 

             System Current = 
pb«¹® CbÀ©H  f¾f�LR ÁQ²�¼³L   = 

�Â¶,�¸r.Â Z��   = 510.57 A  

d. 200 Ah batteries were proposed at the reference area  
      Number of batteries required = OD¹H^© «b ¬© 3«bH©° ¯a «D© 3b®¹H 3ª3«©cK¼�VP³ QM ¼ ±¼��LK¾ VP �� ¿ �L��� QM �VfÃ�¼K³L 

      Hence, number of batteries required = 
Z¶,¶Â¶.´rr  ��� ¿ �.�  = 388.65 = 387 

b.  Average solar insolation: 278–330 days of sun per year with daily 

average sunshine ranging from7 hours during the rainy season to 
9 hours in dry season 

c. Solar radiation:    833.33 to 1341.67    kWh/z�  
 

Subsystem of photon generated current Iph for different values of irradiance 
and temperature were presented in table 4.6 

  
Table 4.Table 4.Table 4.Table 4.6666    Subsystem of Photo Generated Current under varying temperature Subsystem of Photo Generated Current under varying temperature Subsystem of Photo Generated Current under varying temperature Subsystem of Photo Generated Current under varying temperature 
and irradianceand irradianceand irradianceand irradiance 
 

S/N Temperature ( oC) Irradiance 
kW/z� 

Photo current( A) 

1 25 1 13.1362 

2 30 1 12.986 

3 40 1 12.6862 

4 60 1 12.0862 

5 80 1 11.4862   

6 100 1 10.8865 

                            ���   =  �	W"   + yZ }S – SK~ 
	Z��                   

       ���   =  �	W"   + yZ }S – SK~ �                  



 

 

 

25 | I J E E S DI J E E S DI J E E S DI J E E S D  

 

 

International Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific DiscoveryInternational Journal of Engineering and Emerging Scientific Discovery    
ISSN:  2536ISSN:  2536ISSN:  2536ISSN:  2536----7250 (Print): 25367250 (Print): 25367250 (Print): 25367250 (Print): 2536----7269 7269 7269 7269 (Online)(Online)(Online)(Online) 

Volume Volume Volume Volume 7777, Number , Number , Number , Number 2, June 20222, June 20222, June 20222, June 2022    
http://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.comhttp://www.casirmediapublishing.com    

  
The subsystem reverse saturation current takes short circuit current, 

temperature, open circuit voltage, number of series cells as input parameters  
The reverse saturation current (Irs) is given b                                         �Kf   =  �	W   /  h. exp     ij∗ �klm       n����  − 1  o    

 

Reverse saturation currents varies with temperature were obtained and 
shown in table 4.7 
 
Table 4.7:  reverse saturation current Irs for various temperature 

 

S/N               Temperature 

(oC) 

Reverse 

Saturation 
Current (A) 

1 25 2.3996 x 10Yµ 

2 30 3.1800 x 10Y¶ 

3 40 8.0725 x 10YÂ 

4 60 2.0200 x 10Y� 

5 80 1.0379 x 10YZ 

6 100 2.7731 T 10YZ 

 

4.15 The subsystem of module saturation current which varies with the cell 
temperature were obtained and presented in table 4.7                         IN  = IH3   h ppqor

    sexp   t  E^∗   j ipY pqmu∗  v .p.pq w. x       

    
Table 4.Table 4.Table 4.Table 4.8888        Sauration current  IN  for various temperatures  
 

S/N               Temperature (oC) Saturation 

Current (A) 

1 25 2.3996 x 10Yµ 

2 30 4.1465 x 10Yµ 

3 40 9.8280 x 10Yµ 

4 60 3.3172 x 10Y¶ 

5 80 7.8600 x 10Y¶ 

6 100 1.5357 x 10YÂ 
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Simulation ResultsSimulation ResultsSimulation ResultsSimulation Results 
    

The developed model was implemented for the sample module and the results 
were evaluated. The evaluation was done using the equations developed in the 

previous sections. The chosen module provides the output power of 255W and 
has 10 series cells. The IV and PV characteristics are modeled and simulated 
for the chosen module using the developed equations and models. Fig. 4.10 and 
fig. 4.11 show the IV and PV characteristics of module under varying irradiance 

at constant temperature respectively.  
 

Table 4.Table 4.Table 4.Table 4.9999: I: I: I: I----V Curves V Curves V Curves V Curves with various Irradiance levelswith various Irradiance levelswith various Irradiance levelswith various Irradiance levels 
    

I I I I ----    V CurvesV CurvesV CurvesV Curves    

Temperature in Temperature in Temperature in Temperature in 

KelvinKelvinKelvinKelvin    
    

273 + T ref273 + T ref273 + T ref273 + T ref    

Irradiance level Irradiance level Irradiance level Irradiance level 

inininin    

KW/mKW/mKW/mKW/m2222    

A 298 1 

B 298 0.8 

C 298 0.6 

D 298 0.4 

. 
                          
                          A      

 
                                            B 

 
                                    

      C 
 

      D      
 

 
 
 
 
Figure 4.Figure 4.Figure 4.Figure 4.10101010:  IV characteristics under varying irradiance at constant temperature (298K):  IV characteristics under varying irradiance at constant temperature (298K):  IV characteristics under varying irradiance at constant temperature (298K):  IV characteristics under varying irradiance at constant temperature (298K)    
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             B 
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Figure 4.Figure 4.Figure 4.Figure 4.11111111:  PV :  PV :  PV :  PV characteristics under varying irradiance at constant characteristics under varying irradiance at constant characteristics under varying irradiance at constant characteristics under varying irradiance at constant 

temperature (298K)temperature (298K)temperature (298K)temperature (298K)    
 
Figure 4.10 and figure 4.11 show IV and the PV characteristics of module under 
varying temperature at constant irradiance respectively. From the 
characteristics, it is observed that there is an optimum operating point called 
maximum power point. This point changes with temperature and irradiance. 

This point increases with irradiance and decreases with temperature. Hence 
for the given photovoltaic system, it was possible to estimate the optimum 

power point. 
 
Table 4.Table 4.Table 4.Table 4.10101010: I: I: I: I----V Curves with various temperature levelsV Curves with various temperature levelsV Curves with various temperature levelsV Curves with various temperature levels    
    

I I I I ----    V CurvesV CurvesV CurvesV Curves    

Irradiance level inIrradiance level inIrradiance level inIrradiance level in    Temperature inTemperature inTemperature inTemperature in    

KW/mKW/mKW/mKW/m2222    KelvinKelvinKelvinKelvin    

A 1 298 

B 1 318 

C 1 338 

D 1 358 
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 A 
        B 

       C   
  

               D 
 

                              
 

 
 
Figure 4.12:  IV characteristics under varying temperature at constant 
irradiance (1KW/m2) 

 
  

 
                   A 
            
 
                                                 B 

   

                    C  
              

                   D 
 

 
  

 
Fig. 4.13:  PV characteristics under varying temperature at constant irradiance 

(1KW/m2) 
 
In conclusion, a PV module was developed and modelled using 
Matlab/Simulink. From the model, it is understood that the output current is 

function of solar irradiance. The developed PV model is verified with the 
available module. The model could be used for analysis in the area of solar 

photovoltaic conversion system and MPPT technologies  
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     Table 4.12 shows the Table 4.12 shows the Table 4.12 shows the Table 4.12 shows the Average monthly radiation of the reference area in Average monthly radiation of the reference area in Average monthly radiation of the reference area in Average monthly radiation of the reference area in 
kWh/meter kWh/meter kWh/meter kWh/meter squaresquaresquaresquare    

    
S/N 

 
 

Months Average monthly 

radiation (kWh/meter 
square) 

1 January 6.86 
2 February 6.58 

3 March 6.72 
4 April 4.34 

5 May 4.06 
6 June 3.64 
7 July 3.22 
8 August 5.01 

9 September 3.78 
10 October 5.74 

11 November 6.3 
12 December 6.44 

 
 
 
 

Table 4.12: Average monthly radiation of the reference area (kWh/meter 
square) 
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Figure 4.11 shows the Average monthly radiation of the reference area in 
kWh/meter square 
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 Figure 4.11: Average monthly radiation of the reference area in kWh/meter 
square 

    
CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

Solar Solar Solar Solar radiation and power generation from the solar photoradiation and power generation from the solar photoradiation and power generation from the solar photoradiation and power generation from the solar photo----voltaic systemvoltaic systemvoltaic systemvoltaic system    
Annual solar radiation at the reference area ranges between 3.22 kwh/zr to 
6.86 kwh/zr.  The value of sun radiation in the study area is very high in the 
month of October – march i.e., during the dry season. The study revealed that 

the solar radiation during this period ranges between 5.74 kwh/zr to 6.86 
kwh/zr. Hence, the hybrid electric power system (heps) developed produced 

adequate and reliable solar electric power system between the six months as 
shown in tables 4.13 – 4.21 and figures 4.12, 4.14, 4.17 – 4.23. The reliability of 
the solar photo-voltaic power system during this period is 100%. The photo-
current and reverse saturation current were presented in tables 4.5 and 4.6 

respectively. However, solar radiation reduces during the months of april – 
september to the range of 3.22 kwh/zr to 4.34 kwh/zr as shown in figure 4.11. 

Consequently, the solar power generated during the rainy season reduces to 
154w – 174w/module as presented in figure 4.16. Weather condition during this 
period reduced solar radiation and the electric power generated from the solar 
photo- voltaic system (spvs). As a result, the efficiency and relisability of the 
system reduces considerably.  Therefore, the provision of other reliable power 
supply system increased the reliability of the system and ensured continuous 

supply of electrical energy to the consumers. 
 

    Solar PhotoSolar PhotoSolar PhotoSolar Photo----    Voltaic System (Spvs) and Hydro Electric Power System Voltaic System (Spvs) and Hydro Electric Power System Voltaic System (Spvs) and Hydro Electric Power System Voltaic System (Spvs) and Hydro Electric Power System 
(Heps)(Heps)(Heps)(Heps)    
The proposed hydro-electric power plant developed in this research work 
provide adequate solution to the problem of low reliability of solar photo- 

voltaic system. The proposed power plant has generating capacity of 4,948.88 
kw to 6,245.01 kw during the rainy season as sown in table 4.3 and 4.4. The 

discharge rate of Ikere River in iseyin community, oyo state, where the 
proposed hydro-electric power plant will be located ranges between 13.8 zr /second in the month of February to 31.8 zr /second in the month of 
September. This is presented in table 4.4 and figures 4.2, 4.3, 4.13, 4.20, 4.22 and 

4.23. Output power developed during this period ranges between 4,948.88 kw 
and 6,245.01 kw. As a result, it was possible to supply adequate and continuous 

power supply to the consumers. 
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Solar Solar Solar Solar photophotophotophoto----voltaic system simulation resultsvoltaic system simulation resultsvoltaic system simulation resultsvoltaic system simulation results    
The simulation results presented in figures 4.4 – 4.7 show that solar power 

generated from the solar modules increases with increase in radiation and 
reduces as temperature rises above 25�9. Table 4.10 represents variation of 

power loss in the photo-voltaic system with change in temperature. Figures 
4.12 – 4.18 show the monthly electric power production from the hybrid solar 
photo-voltaic system, proposed hydro-electric power plant, proposed wind 
turbine generator and the diesel generator. the hybrid-electric power system 

produced adequate, reliable, stable power supply as shown in figures 4.19 - 4.23.  
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