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ABSTRACT 

Solar energy software that can configure and program well-established solar models were 

developed.The developed software are used for better teaching,assessment and 

understanding of solar energy courses in schools,viable solar  models were sourced from 

literature and have been successfully modeled using Microsoft visual basic dot net.This is an 

integrated development environment(IDE)developed by Microsoft.Both native and managed 

codes were produced by Microsoft visual basic dot net.Solar energy models such as  Photon 

Flux solar model,Air mass solar model,Energy yield solar model,Band gap solar 

model,Fermi level solar model,Reflectance coefficient solar model,Open-circuit voltage 

solar model,Fill factor solar model,Angstrom solar model.The performance test done using 

the developed software indicated that the desired output of any configured model via the 

software can be obtained easily and fast.this was obtained when the input parameters of the 

models were in the input menu of the developed software. 

 

Keywords: Visual basic.net, Programming, solar models, solar panels, Control box.  

 

INTRODUCTION 

Solar energy is obviously believed to be the most feasible and reliable alternative source of 

energy to the world dominated fossil fuel energy source. Solar energy is a source of 

interesting energy as it is renewable, inexhaustible and non-polluting. It is used as energy 

sources in various applications such as water pumping, street lighting in rural town, battery 
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charging and grid connected photo-voltaic (PV) systems (Walker,2001). According to well-

established measurements, the average power density of solar radiation just outside the 

atmosphere of the Earth is 1366 W/m2, which is widely known as the solar constant. 

Photovoltaic solar energy is a clean renewable energy with a long service life and high 

reliability (Ramos-Hernanz  ,et al., 2013).  

Solar radiation is the energy emitted by the sun which falls on the surface of the earth 

at a rate of 120 petawatts (Surya et al., 2012). The importance and usefulness of solar 

radiation cannot be overemphasized as evident on our dependence on food from plants, also 

on energy or electricity gotten from solar panels, this therefore highlight the importance of 

this study. Solar radiation comes in many forms such as visible light, radio waves, heat 

(infrared), x-rays and ultraviolent rays, The amount of solar radiation that reaches any one 

location on the earth’s surface varies according to the following factors: Geographic location, 

time of the day, season, local landscape, local weather The process of solar radiation begins 

at the interior of the sun, which is composed of hydrogen and helium, Fusion reaction 

converts the hydrogen into helium, releasing huge amounts of energy. Photovoltaic (PV) are 

solar cells that convert sunlight into electricity through a process known as the photovoltaic 

effect. Sunlight is composed of particles called photons which radiate from the sun. As these 

hit the silicon atoms of the solar cell, they transfer their energy to electrons knocking them 

off the atoms and thereby creating an electric field. 

The sister process, device based on thermal process is another means of solar energy 

generation, but a photovoltaic system converts sunlight into electricity, where the basic 

device of a photovoltaic system is the photovoltaic cell in which cells are grouped to form 

panels and modules (Surya et al., 2012). The modeling and simulation of photovoltaic (PV) 

cells have made a great transition and form an important part of power generation in the 

present age. The modeling of PV module generally involves the approximation of the non-

linear (I-V) curves. Many researchers used circuit based approach to characterize the PV 

module of which the simplest model is the current source in parallel to a diode, (Kashif and 

Zaina, 2011; Amita et al., 2013). The configurations of all the solar energy devices are no 

doubt based on varieties of solar energy related equations, and as such developing software 

for their easy assessment will be a great asset to solar energy development. This paper aims at 

developing software that configures solar energy related models/equations for easy access 

using Microsoft Visual Studio. 

 

MODELS AND METHODS 

Some solar energy related models/equations were sourced from literature and configured 

using Microsoft visual basic dot net. Microsoft Visual Studio is an integrated development 

environment(IDE) developed by Microsoft; it is used to develop computer programs for 

Microsoft windows , web sites, web apps, web services, and mobile apps. Microsoft visual 

studio uses software development platforms such as Windows application programming 

interfaces (API), windows forms, windows presentation foundation, windows store, and 

Microsoft silver light. It can produce both native and managed code. Microsoft first released 

visual studio in 1997, bundling many of its programming tools together for the first time, 

Visual Studio 97 came in two editions. Visual Studio professional and Visual Studio 
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Enterprises; it included Visual J++ 1.1 for Java programming. The next version 6.0 was 

released in 1998. There was a transition to the development on the platform independent 

.NET Framework. The next version was released in 2002; it was released via Microsoft 

Developer Network, the biggest change was the introduction of a managed code development 

environment using the NET framework. This was the first version of Visual Studio that 

requires a new technology based Windows platform; the installer enforces this requirement 

(www.visualstudio.com). Since April 2003, there was a minor upgrade to Visual Studio 

.NET; an upgrade to the NET framework, version1.1. In October 2005, Microsoft released 

Visual Studio 2005; hence the NET moniker was removed. It was upgraded to support all the 

new features introduced in .NET framework 2.0, generics and active server pages 

(ASP.NET). The next version was released in 2008; it requires NET framework 3.5, it also 

includes an extensible application markup language based designer, workflow designer, 

language integrated query (LINQ) to structured query language (SQL) designer. In April 

2010, Microsoft released Visual Studio 2010 and NET framework 4. The IDE was redesigned 

offering many tools to make programming simpler. The next version was released in 2012, its 

IDE C++ features includes semantic colorization, reference highlighting, new solution 

explorer, and code snippets. The version of 2013 called Visual Studio 2013 would be used for 

this project; it includes an improved .NET framework 4.5.1 and an option to disable all-caps 

menus (blogs.msdn.microsoft.com).  

 

SOLAR ENERGY MODELS/EQUATIONS 

1. Photon Flux Model 

Photon flux is defined as the number of photons per seconds per unit area. It is important in 

determining the number of electrons which are generated and hence the current produced 

form a solar cell. 

 ,                

     1 

Where  is the photon flux,  is number of photon and  is the surface area of solar. 

2. Air Mass 

The air mass model can be used to help characterize the solar spectrum after solar radiation 

has travelled through the atmosphere; it is a vital tool in evaluating the performance of solar 

cells under standardized conditions. The air mass value is dependent on the elevation path of 

the sun through the sky and therefore varies with time of day and with the passing seasons of 

the year and the latitude of the observer (Orgill and Holland, 1977). The model is expressed 

as: 

                     2 

Where  is zenith angle in degrees. 

3. Energy Yield 

The net energy yield refers to the amount of energy that is gained from harvesting an energy 

source. This yield is the total amount of energy gained from harvesting the source after 
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deducting the amount of energy that was spent to harvest it. There are no restrictions on what 

the energy source in the equation might be. 

                     3 

Where  is the amount of energy yield from solar PV per unit area for a given period of time. 

 Is the solar energy received by the solar PV per unit area for a given period of time. Is 

the overall efficiency 

4. Band Gap 

This is the difference in energy bands between the bottom of the conduction band and the top 

of the valence band. It is simply given by the expression. 

                          4 

Where CE the conduction is band energy and VE is the valence band energy 

5. Angstrom Model 

Angstrom proposed the first theoretical model for estimating global solar radiation based on 

sunshine duration, Page and Prescott reconsidered this model in order to make it possible to 

calculate monthly average of the daily global radiation, and this is expressed as: 

           5 

Where  the monthly average global radiation on horizontal is surface;  is the monthly 

average daily extraterrestrial radiation.  is the monthly average daily bright sunshine hours; 

 is the maximum possible monthly average daily sunshine hours or the day length;  and  

are constants 

 

6. Fill Factor 

The Fill factor is essentially a measure of quality of the solar cell, it is calculated by 

comparing the maximum power to the theoretical power, It therefore means how much from 

the theoretical power generated within a solar cell can be utilized as real power, a large Fill 

factor is therefore desirable(www.researchgate.net). The model is expressed as: 

                  6 

Where  is current at peak power,  is voltage at peak power,  is short circuit current 

and  is open circuit voltage. 

 

7. Open-Circuit Voltage 

The open-circuit voltage VOC of individual cells is usually lower than 1.5 V and the photo-

generated current density is in order of tens of milliampere per square centimeter. Solar cells 

can be connected in series to obtain a higher output voltage or in parallel to obtain higher 

output currents. 

                   7 

Where  is the Boltzmann constant, T is the absolute temperature, is the electron charge,  

is the diode saturated current and is the photo generated current. 

https://www.sciencedirect.com/topics/engineering/square-centimeter
https://www.sciencedirect.com/topics/engineering/square-centimeter
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CODINGS 

Codes are written for each model and shown in column 2 of Table 1; Column 3 is the inputs, 

while column 4 is the outputs and column 5 is for remark(s).   

 

 

Table 1: Solar models coding 

          

S/N Models Inputs Outputs Remark(s) 

1 Absorption 

Coefficient 

4, λ, k,π  The four inputs are inserted in the first row. 

Result(s) are computed and returned as the 

output. 

2 Air Mass 1, θ AM It has one input and 1constant, the result(s) 

are returned as output after the computation. 

3 Fill Factor  Fill 

factor 

The four inputs are inserted and called in the 

menu, Result(s) are computed and returned 

as the output. 

4 Current in 

Solar Cell 
  

This has four inputs and 1constant.Result(s) 

are returned as output I after the 

computation.  

5 Photon 

Flux 
  The two inputs are inserted. Result(s) are 

computed and returned as the output. 

6 Angstrom 

model , ,  

Angstro

m model 

It has six inputs which are inserted and the 

result(s) are returned as output after the 

computation. 

7 Energy 

Yield 

S  The two inputs are inserted and called in the 

menu, Result(s) are computed and returned 

as the output. 

 

 

Table 2: Functions in the Server and Remark 

S/

N 

Functions Remark(s) 

1 dvInsert_Title_Angstrom model This function inserts Title as well as the 6 

inputs of the equation. 

2 dvInsert_Result_Angstrom model It calculates the Angstrom model. See 

equation 1.4 

3 dvInsert_Title_Fill factor It inserts Title as well as the 4 inputs of the 

equation to be evaluated. 

4 dvInsert_Result_ Fill factor It calculates the Fill factor.  See equation 1.5 

5 dvInsert_Title_Energy yield It inserts Title as well as the 2 inputs of the 

equation. 
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6 dvInsert_Result_ Energy yield It   calculates the Energy yield.  See equation 

1.2 

7 dvInsert_Title_Photonflux It inserts Title as well as the 2 inputs of the 

equation. 

8 dvInsert_Result_ Photon flux This function calculates the Photon flux. See 

equation 1.0 

9 dvInsert_Title_Airmass It inserts Title as well as the equation’s 1 

input. 

10 dvInsert_Result_ Air mass It calculates the Air mass.  See equation 1.1 

 

 

CLIENT DEVELOPMENT 

This is an example of a code written for one of the solar soft models; Fill Factor. 

Private Function dvFillFactor(dvImIn as object, dvVmIn as object, dvIscIn as object, 

dvVocIn as object, ByRefdvresulOut as object)As String 

Dim FF1 as Double=dvImIn * dvVmIn 

Dim FF2 as Double=dvIscIn * dvVocIn 

DvresulOut=FF1/FF2 

Return dCom 

End Function 

 

CREATING OF FORM 

This was achieved by first opening the software in the integrated development environment 

(IDE) on the form designer. Click on the toolbox, controls such as window form, common 

controls, menus and toolbars will display. Click on menus and toolbars, select form .A plane 

blank form will display, double click on the controls that suit for the project such as label, 

textBox, groupBox, listBox, button it will be automatically added to the form 

 

CONSTRUCTION OF MENUS 

In the Integrated development environment (IDE) on the form designer, select the toolbox at 

the left side of the form then open the menus and toolbars tab, double click on the menu strip 

it will be seen inside the component tray below the form and right click on the menu strip 

chose insert standard item, then file, edit, tools, help automatically added on the form. Four 

menus are added to the standard menu. As shown in fig 1.0, there are 12(Twelve) sub menus 

under computation 1 and there are nine sub menus under computation 2 of the standard menu 

 
Figure 1.0: Window environment of the solar software. 



COOU Journal of Physical ciences 3(1), 2020S  CJPS COOU
 

 

website:www.coou.edu.ng

203 
 
 

 

 

FORM DESIGNING 

On the plane form selected on the IDE, some written codes shown below were used to give it 

a beautiful look: 

With Me 

”Window State=Form Window State. Maximized” (meaning to maximize the form to spread 

during the run time With Me 

”Back Colour =Colour. Aquamarine” (meaning changing the colour background to 

aquamarine) 

With Me 

”Size= New Size (400,400)” (To resize the form). 

 

Adding Customized Interface to the Project 

Customize Interface has been already created and store in a file by the programmer see 

fig1.1. This are the steps required to add the already created customize interface to the 

project: Select general on the toolbox, right click under the general, select chosen item, click 

on browse, locate the folder where the customized Interface are stored, Select the customize 

interface and it will be added to the project by displaying on the IDE. The interface is 

adjusted by the programmer to match the model name and name of variable inputs of the 

model. Ctrlf5 is used to run the programme to display the interface created.fig 1.2 shows the 

output menu of the solar software Five user interfaces are constructed in the solar soft project 

namely: 

• One variable user interface: For calculation of models with one variable inputs 

• Two variable user interface: For calculation of models with two variables inputs 

• three variable user interface: For calculation of models with three variables inputs 

• Four variable user interface: For calculation of models with four variables inputs 

• Five variable user interface: For calculation of models with five variables inputs 

 

 
Figure 1.1: Input Menu of the Solar Software 
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Figure 1.2: Output Menu of the solar software 

 

ERROR TRAPPING 

Errors are being trapped whenever wrong codes are being keyed in or miss typed also inputs 

are checked for possible errors during run time, the models are programmed to accept 

numbers only once alphabet/character are keyed in by the user during run time, it will give  

error message “Invalid Inputs” 

 

NAVIGATION 

Moving from one point to the other, Menus serves as a good navigator tool, it does the 

following work: 

• It allows the user to have access to the codes 

• It allows the user to have access to the models name during computation 

• It allows the user to close the programme after runtime 

Storage: 

When the user keys in values and clicks on OK button, the programme will check for 

the key in input, If there is any error, it gives error message but if there is not, it will 

accept the values and store it. 

 

RESULTS AND DISCUSSIONS 

The results of performance test of the various solar energy models coded with the developed 

software were presented here. After the client and server of the software have been 

developed, arbitrary independent data were entered and the results of the dependent variables 

of different solar models were obtained as output. The results of computation of the models 

are presented in the table 3 to 9 below. 

 

Table 3: The Result for the Photon Flux Solar Model. 

S/N Np(m
2) A(m2) Φ(m2) 

1 3.3 2.7 1.20 

2 10.1 2.0 5.00 

3 28 32 0.875 

4 30 25 1.20 



COOU Journal of Physical ciences 3(1), 2020S  CJPS COOU
 

 

website:www.coou.edu.ng

205 
 
 

 

 

5 35 30 1.17 

6 47 20 2.35 

7 55 45 1.20 

8 62 44 1.41 

9 70 25 2.80 

10 97 71 1.36 

    

 

Table 3 is the performance test result for Photon Flux solar model. The table indicated that 

the desired values of the photon flux which is the output parameter(ϕ) depend on the inputs 

parameters (Number of Photon PN  and the surface area A  of solar PV) and can be easily 

determined using the developed software. As shown in table 3. These results suggest that any 

desired value of the photon flux can be obtained while the values of the input parameters are 

been altered at the same time and the highest number of photon flux were gotten when the 

values of the input parameters are in decimal form. 

 

Table 4: The Result for the Air MASS Solar Model. 

S/N θ(oc) AM(oc) 

1 45 1.41 

2 50 1.55 

3 55 1.74 

4 60 2.00 

5 75 3.00 

6 80 5.76 

7 105 -3.86 

8 120 -2.00 

9 130 -1.56 

10 170 -1.02 

 

Air Mass 

The computation of the values of air mass which is solar model used to characterize the solar 

spectrum after solar radiations have travelled through the atmosphere using the developed 

solar model software is displayed in table 4.The required air mass value for solar spectrum 

characterization can be easily computed and programmed using the developed software. The 

table of this nature can be constructed using wide range of value of the input parameter 

(zenith angle) in order to generate values of the output parameter (air mass) using the 

software and can serve as reference PV cell design. From the result table once the zenith 

angle exceed 100oc, the output result becomes negative, and also as the zenith angle 

increases, air mass also increases as 

 

 

 



COOU Journal of Physical ciences 3(1), 2020S  CJPS COOU
 

 

website:www.coou.edu.ng

206 
 
 

 

 

Table 5:The Result for the Energy Yield Solar Model. 

S/N Nov(%) S(J) Y(J) 

1 23.00 2.20 50.60 

2 8.00 7.00 56.00 

3 17.80 10.50 186.90 

4 18.90 12.00 226.80 

5 12.5 13.7 171.25 

6 7.00 14.00 98.00 

7 11.50 21.70 249.55 

8 20.70 30.00 621.00 

9 11.70 78.00 912.60 

10 2.2 91.00 200.20 

 

Energy Yield Solar Model (Y) 

Table 5 is the performance test results carried with the developed solar software for the 

energy yield solar model. The energy yield (output parameter Y) which is the amount of 

energy yield from solar PV per unit area for a given period of time is dependent on the input 

parameter (solar energy (S) received by the solar PV and on the overall efficiency (Nov) of the 

PV cell). The values of the desired output (energy yield) displayed in the table based on the 

developed software can be easily obtained once the input parameters are entered. From the 

result table the highest amount of energy yield from the solar PV were gotten when the two 

input parameters are in decimal form also when they are on higher values.  

 

Table 6: The Result for the Band Gap Energy. 

S/N Ec 

(eV) 

Ev(eV) Eg 

(eV) 

1 1.10 0.10 1.00 

2 1.10 2.70 -0.60 

3 2.00 1.20 0.80 

4 7.00 9.00 -2.00 

5 8.00 4.00 -4.00 

6 10.00 23.00 -13.00 

7 11.00 10.00 1.00 

8 15.00 16.00 -1.00 

9 17.00 18.00 -1.00 

10 20.00 10.00 10.00 

 

Band Gap Energy (Eg) 

Table 6 is test results obtained for band gap energy model using the developed solar software. 

The output parameters of the model which is one of the prerequisite properties of materials 

for solar cell design can be easily evaluated/computed using the developed solar software 

once the input parameters Ev and Ec were entered in the input commands of the developed 
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solar software. Band gap energy which formed the energy difference between the conduction 

band and the valence band of materials can be easily determine using the solar software once 

the material properties are known and configured in the developed software. From the result 

table negative output values are gotten once the conduction band parameters is greater than 

the valence band parameter 

 

Table 7: The Result for Angstrom Solar Model 

S/N H(s) HO(s) S(h) So(h) Angstrom 

(Ǻ) 

1 1.10 2.10 3.10 11.00 1.35 

2 4.00 9.00 3.00 10.00 0.13 

3 17.00 21.00 31.00 11.00 2.28 

4 20.00 10.00 13.00 30.00 0.87 

5 21.00 41.00 18.00 71.00 0.13 

6 40.00 15.00 17.00 21.00 2.16 

7 50.00 7.00 9.00 10.00 6.49 

 

Angstrom Solar Model 

The results of performance tests of angstrom solar models configured via the developed 

software were presented in table 7. The angstrom solar  models which is one of the first 

theoretical model for estimating global solar radiation based on sunshine duration, parameters 

for development of global solar radiation can be easily determine once the input parameters 

(The monthly average global radiation, Monthly average daily extraterrestrial radiation Ho, 

monthly average daily bright sunshine hours S, and maximum possible monthly average daily 

sunshine hours So) were keyed into the command prompt of the developed solar software. 

From the result table the highest parameters were gotten at the output level when the values 

in the monthly average daily bright sunshine (H) is at the peak. 

 

Table 8: The Result for Fill Factor Solar Model 

S/N Imp(A) Vmp(V) ISC(A) VOC(V) FF 

1 0.001 0.002 11.20 11.30 1.58 

×10-8 

2 2.00 3.00 4.00 5.00 0.30 

3 20.00 30.00 10.00 71.00 0.85 

4 23.00 45.00 3.00 32.00 10.78 

5 30.00 20.00 10.00 5.00 12.00 

6 66.10 77.10 33.10 22.10 6.97 

7 77.00 89.00 45.00 100.00 1.52 

 

Fill Factor Solar Model 

The performance test results for the fill factor model configured with the developed solar 

software are displayed in table 8. From the table, the results indicated equally that the desired 
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value of fill factor which compares the theoretical power generated within a solar cell and 

how it can be utilized as real power can be determine easily using the developed software. 

From the result table the output parameters which are the fill factor are in exponential form 

when the current at peak power and voltage at peak power are of 0.00 forms. 

 

Table 9: The Result for Open-Circuit Voltage Solar Model 

S/N q(C) Io(A) Iph(A) Voc(V) 

1 0.01 1.11 0.02 -479 

2 0.01 0.02 1.00 -

239842.30 

3 4.00 2.00 1.00 -17.63 

4 7.00 2.00 1.00 -10.08 

5 11.00 12.00 13.00 -8.91 

6 20.00 13.00 4.00 -3.07 

7 23.00 45.00 49.00 -4.27 

8 50.00 40.00 70.00 -2.58 

9 71.10 100.20 200.20 -1.98 

10 77.00 57.00 47.00 -1.11 

 

 

Open-Circuit Voltage Model 

The results of performance tests of open-circuit voltage models configured via the developed 

software are presented in table 9. The open-circuit voltage which is one of the prerequisite 

parameters for development of semiconductor materials can be easily determine once the 

input parameters (Boltzmann constant Kβ, absolute temperature T, electron charge q, diode 

saturated current Io and photo generated current Iph) are keyed into the command prompt of 

the developed solar software. From the result table the open-circuit voltage parameters are 

negative. 

 

CONCLUSION 

Solar energy software that can be used for computation of solar energy models have been 

successfully developed using visual basic dot net. Microsoft visual basic dot net which is an 

integrated development environment (IDE)developed by Microsoft; it is used to develop 

computer programs for Microsoft windows, web sites,web apps, web services, and mobile 

apps. Microsoft visual basic dot net uses software development platforms such as windows 

application programming interfaces (Api), windows forms, windows presentation foundation. 

It can produce both native and managed code. The various solar energy models configured 

via the developed software include the following: Photon Flux solar model, Air mass, Energy 

Yield solar model (Y), Band gap energy (Eg), Open-circuit voltage model, Fill Factor solar 

model and Angstrom solar model. The performance test results done for these solar models 

using the developed solar energy software indicate that outputs of any desired solar energy 

configured using the developed software can be easily obtained once the input parameters of 
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the solar models are keyed in via the input command prompt of the developed solar energy 

software. 
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