
DEVELOPMENT OF A SOLAR 

SYSTEM DESIGN CALCULATOR 

 

 

BY 

 

 

 

JOHN, TEMITOPE MERCY  

MATRIC NO: 09CK09712 

 

 

 

 

MAY, 2017



ii 
 

DEVELOPMENT OF A SOLAR SYSTEM DESIGN CALCULATOR 

 

BY 

 

 

JOHN, TEMITOPE MERCY  

B. Eng; Information and Communication Engineering  

Covenant University 

Matric Number: 09CK09712 

 

A MASTER’S DISSERTATION SUBMITTED TO THE DEPARTMENT OF 

ELECTRICAL AND INFORMATION ENGINEERING, COVENANT 

UNIVERSITY, OTA IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE AWARD OF M.Eng DEGREE IN 

ELECTRICAL AND ELECTRONICS ENGINEERING 

 

 

MAY, 2017 

  



iii 
 

ACCEPTANCE 

This is to attest that this dissertation is accepted in partial fulfillment of the requirement for the 

award of the degree of Master of Engineering in Electrical and Electronics Engineering in the 

Department of Electrical and Information Engineering, College of Engineering, Covenant 

University, Ota. 

 

 

Mr. Philip John Ainwokhai      ………………………… 

Secretary, School of Postgraduate Studies        Signature & Date 

 

 

Professor Samuel Wara      ………………………… 

Dean, School of Postgraduate Studies        Signature & Date 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

DECLARATION 

I, JOHN, Temitope Mercy (09CK09712), declare that this research was carried out by me under 

the supervision of Professor Samuel Tita Wara of the Department of Electrical and Information 

Engineering, Covenant University, Ota, Ogun State. I attest that the dissertation has not been 

presented either wholly or partly for the award of any degree elsewhere. All sources of data and 

scholarly information used in this dissertation are duly acknowledged. 

 

 

JOHN Temitope Mercy     ………………………………. 

                  Signature & Date 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

CERTIFICATION 

 

We certify that the dissertation titled “Development of a Solar System Design Calculator” is an 

original work carried out by JOHN, Temitope Mercy (09CK09712), of Electrical and 

Electronics Engineering program in the Department of Electrical and Information Engineering, 

College of Engineering, Covenant University, Cannanland, Ota, Ogun State, Nigeria. We have 

examined the work and found it acceptable for the award of a degree of Master of Engineering in 

Electrical and Electronics Engineering. 

  

 

_______________________     ___________________________ 

Prof. Samuel Tita Wara                 Signature & Date 

Supervisor 

 

 

______________________     __________________________ 

Dr. Victor O. Matthews                 Signature & Date 

HOD Electrical and Information Engineering 

 

 

______________________     __________________________ 

External Examiner                  Signature & Date 

 

______________________     __________________________ 

Prof. Samuel Tita Wara                  Signature & Date 

Dean, School of Postgraduate Studies 

 

 

 

 

 

 

 

 



vi 
 

DEDICATION 

 

To ROHI 

My Shepherd 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

ACKNOWLEDGEMENTS 

 

It is very exciting writing this page; mainly because it is becoming more real that my master‟s 

graduation is looming on the horizon. On this day, I cannot but think of all who had been there 

through the last 20 months; words cannot encapsulate the helps and joys you have given me 

through this season. However, I would do my best to appreciate you: 

To Mom and Dad: My Personal Heroes. I Love you both deeply. Thank you for your sacrifices 

and prayers. God bless you both and keep you. 

To Professor Samuel Tita Wara: Thank you for choosing to mentor me. I am sure I gave you 

some tough times and you probably felt like breaking my head once or twice. You taught me a 

lot of things (engineering wise, administrative wise, business wise). I thank God for crossing our 

paths. I am eternally grateful. 

To the Renewable Energy Research Cluster: Dr. Hope Orovwode, Dr. Conrad Omonhinmin, 

Dr. Benson Nsikak; thank you, Sirs, for reviewing my work and making solid remarks and 

contributions. God bless you all richly. 

To My Best Pals: Ayo, Ayuba and Gerald – Master‟s would not have been the same without you 

guys! I am confident that we will all remain friends for life. See you at the top. 

To Adeyemi Kayode: So you will come for my masters‟ graduation and I will also be there at 

your PhD graduation, and finally at my PhD graduation. My creed for us is that God helps us to 

be there for each other.  

 

         John, Temitope Mercy 

 

 

 

 



viii 
 

 

TABLE OF CONTENTS 

 

ACCEPTANCE ............................................................................................................................. iii 

DECLARATION ........................................................................................................................... iv 

CERTIFICATION .......................................................................................................................... v 

DEDICATION ............................................................................................................................... vi 

ACKNOWLEDGEMENTS .......................................................................................................... vii 

TABLE OF CONTENTS ............................................................................................................. viii 

LIST OF TABLES ........................................................................................................................ xii 

LIST OF FIGURES ..................................................................................................................... xiv 

ABREVIATIONS ........................................................................................................................ xvi 

ABSTRACT ................................................................................................................................ xvii 

CHAPTER ONE ............................................................................................................................. 1 

INTRODUCTION .......................................................................................................................... 1 

1.1 Background of the Study ..................................................................................................... 1 

1.2 Research Question ............................................................................................................... 2 

1.3 Aim and Objectives.............................................................................................................. 3 

1.3.1 Aim ............................................................................................................................... 3 

1.3.2 Objectives ..................................................................................................................... 3 

1.4 Scope of the Study ............................................................................................................... 3 

1.5 Significance of the Study ..................................................................................................... 3 

CHAPTER TWO ............................................................................................................................ 4 

LITERATURE REVIEW ............................................................................................................... 4 

2.1 Preamble .............................................................................................................................. 4 

2.1.1 Energy Poverty ............................................................................................................. 4 

2.1.3 Rural Electrification ..................................................................................................... 7 

2.1.4 Alternative Energy Solutions........................................................................................ 8 

2.2 World Energy Status ............................................................................................................ 8 

2.3 Energy Status in Africa (Regionally and Continentally) ................................................... 11 

2.4 Renewable Energy in Africa .............................................................................................. 13 

2.5 Nigeria‟s Energy Crisis ...................................................................................................... 15 



ix 
 

2.5.1 Energy Sources in Nigeria .......................................................................................... 16 

2.5.2 Centralized Generation (CG)  versus Distributed Generation (DG) .......................... 17 

2.5.2 Challenges in Centralized generation structure that hamper Private participation .... 18 

2.5.3 Key Partnership in Nigerian Renewable Energy ........................................................ 19 

2.5.4 Trends in Renewable Energy Utilization and Investments In Nigeria ....................... 20 

2.6 Solar Power ........................................................................................................................ 23 

2.6.1 Overview of Concentrated Solar Power ..................................................................... 26 

2.6.2 Introduction to Photovoltaic (PV) Systems ................................................................ 29 

2.6.3 Basic Components of a Solar Power System.............................................................. 33 

2.6.3.1  Solar Panels ............................................................................................................ 33 

2.6.3.1.1 Monocrystalline PV Panels ............................................................................. 33 

2.6.3.1.2 Polycrystalline PV Panels ................................................................................ 34 

2.6.3.2  Energy Storage Systems ........................................................................................ 34 

2.6.3.2.1 Lead-Acid (Pb-Acid) ....................................................................................... 34 

2.6.3.2.2 Nickel-Cadmium (NiCd) ................................................................................. 35 

2.6.3.2.3 Nickel-Metal Hydride (NiMH) ........................................................................ 35 

2.6.3.2.4 Lithium-Ion ...................................................................................................... 35 

2.6.3.2.5 Lithium-Polymer/Hybrid System .................................................................... 35 

2.6.3.2.6 Zinc-Air ........................................................................................................... 35 

2.6.3.3  Inverters ................................................................................................................. 36 

2.6.3.3.1 Square Wave Power Inverter ........................................................................... 36 

2.6.3.3.2 Modified Sine Wave Power Inverter ............................................................... 36 

2.6.3.3.3 True Sine Wave Power Inverter ...................................................................... 36 

2.6.3.3.4 Grid Tie Power Inverter ................................................................................... 37 

2.6.3.3.5 Functions of an Inverter ................................................................................... 37 

2.6.3.4  Charge Controllers ................................................................................................. 37 

2.6.3.4.1 Pulse Width Modulation (PWM) Charge controllers ...................................... 37 

2.6.3.4.2 Maximum Power Point Tracking (MPPT) Charge Controllers: ...................... 38 

2.7 Economics of Electricity Generation ................................................................................. 39 

2.7.1 Capacity factor (CF) ................................................................................................... 39 

2.7.2 Availability factor (AF) .............................................................................................. 40 

2.7.2.1 Capital cost.............................................................................................................. 40 



x 
 

2.7.2.2 Operational and Maintenance Cost (O&M) ............................................................ 40 

2.8 Review of Solar Calculators Developed World Wide ....................................................... 40 

2.8.1 Solar Estimate ............................................................................................................. 40 

2.8.2 Solar and Wind Estimator Notes ................................................................................ 41 

2.8.3 PV Watts ..................................................................................................................... 41 

2.8.4 Solar Panel Calculator ................................................................................................ 41 

2.8.5 Free Sun Power ........................................................................................................... 42 

2.8.6 SAM............................................................................................................................ 47 

2.8.7 Hybrid Optimization Model for Multiple Energy Resources (HOMER) ................... 47 

2.9 Solar Power Analysis and Design Specification ................................................................ 47 

2.10 Codes and Standards for standard PV systems .................................................................. 48 

CHAPTER THREE ...................................................................................................................... 49 

METHODOLOGY ....................................................................................................................... 49 

3.1 Introduction ........................................................................................................................ 49 

3.2 On-Site Off grid Community Project Assessment ............................................................. 49 

3.3 Load Audit for Isalu Community ....................................................................................... 50 

3.4 System Specification .......................................................................................................... 50 

3.5 Calculation of PV System Requirement for Home or Businesses ..................................... 50 

3.5.1 Determine the Approximate Size of the Solar PV system .......................................... 50 

3.5.1.1 Determine the Power Consumption demand .......................................................... 50 

3.5.1.2 Size of the PV Modules .......................................................................................... 53 

3.5.1.3  Inverter Sizing ........................................................................................................ 54 

3.5.1.4  Battery Sizing......................................................................................................... 54 

3.5.1.5  Solar Charge Controller Sizing (SCCS) ................................................................ 55 

3.5.1.5.1 PWM Charge Controller and the determination of its current specification ... 55 

3.2.1.5.2 MPPT Charge Controllers and the determination of PV array specification 56 

3.6 Test of Solar System Design Calculator ............................................................................ 57 

3.6.1 Unit Test of component parts of the Calculator ......................................................... 57 

3.6.1.1 Verification of Results from Methods 1 and 2........................................................ 57 

3.6.1.2 Catalog Results ....................................................................................................... 59 

CHAPTER FOUR ......................................................................................................................... 84 

RESULTS AND DISCUSSIONS ................................................................................................. 84 

4.1 Introduction ........................................................................................................................ 84 



xi 
 

4.2 Comparison of SSDC calculator result and Product Specification sheet from Company 1 

and Company 2 ............................................................................................................................. 84 

4.2.1 Comparison of SSDC calculator result and Product Specification sheet from 

Company 1 ................................................................................................................................ 84 

4.3.2 Comparison of SSDC calculator result and Product Specification sheet from 

Company 2 ................................................................................................................................ 91 

4.3.3 Comparison of Company 2 Product specification with SSDC result ......................... 93 

4.3 Isalu Community Load Analysis and Solar Requirement Calculation using the SSDC .. 100 

CONCLUSION AND RECOMMENDATIONS ....................................................................... 106 

5.1 Summary .......................................................................................................................... 106 

5.2 Applications of the study ................................................................................................. 106 

5.3 Contribution to knowledge .............................................................................................. 106 

5.4 Recommendation ............................................................................................................. 107 

REFERENCES ........................................................................................................................... 108 

APPENDIX 1 .............................................................................................................................. 120 

APPENDIX 2 – SOURCE CODE .............................................................................................. 123 

APPENDIX 3…………………………………………………………………………………...141 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

LIST OF TABLES  

Table 2.1 Traditional use of Biomass for cooking in 2011    7 

Table 2.2 Electricity Access- Regional Aggregates     7 

Table 2.3 Renewable Energy (MW) supply projections in Nigeria   8 

Table 2.4 Cumulative investment needs between 2015 and 2030   15 

Table 2.5 Nigeria‟s Energy Sources: Renewable and Non-renewable   16 

Table 2.6 CG and DG Comparison       18 

Table 2.7 Some solar projects executed in Nigeria     21 

Table 2.8 Countries with hybrid PV installations and generations in the world 24 

Table 2.9 Key CSP Projects in the world      27 

Table 2.10 Comparison of different electrochemistry types    36 

Table 4.1 Load Reference for 80W solar power system for company 1  85 

Table 4.2 System specification for 80W solar power system for company 1  85 

Table 4.3 SSDC results for 80W solar power system for company 1   85 

Table 4.4 Load Reference for 2kW solar power system for company 1  86 

Table 4.5 System specification for 2kW solar power system for company 1  86 

Table 4.6 SSDC results for 2kW solar power system for company 1   86 

Table 4.7 Load Reference for 3.5kW solar power system for company 1  87 

Table 4.8 System specification for 3.5kW solar power system for company 1  87 

Table 4.9 SSDC results for 3.5kW solar power system for company 1   87 

Table 4.10 Load Reference for 10kW solar power system for company 1  88 

Table 4.11 System specification for 10kW solar power system for company 1  88 

Table 4.12 SSDC results for 10kW solar power system for company 1   88 

Table 4.13 Load Reference for 20kW solar power system for company 1  89 

Table 4.14 System specification for 20kW solar power system for company 1  89 



xiii 
 

Table 4.15 SSDC results for 20kW solar power system for company 1   90 

Table 4.16 Result Summary for company 1 and SSDC     90 

Table 4.17 Company 2 solar system specification catalog    92 

Table 4.18 Components Warranty and life span information    92 

Table 4.19 Comparison of Model 1 results by company 2 and SSDC   94 

Table 4.20 Comparison of Model 2 results by company 2 and SSDC   94 

Table 4.21 Comparison of Model 3 results by company 2 and SSDC   94 

Table 4.22 Comparison of Model 4 results by company 2 and SSDC   94 

Table 4.23 Comparison of Model 5 results by company 2 and SSDC   95 

Table 4.24 Comparison of Model 6 results by company 2 and SSDC   95 

Table 4.25 Comparison of Model 7 results by company 2 and SSDC   95 

Table 4.26 Comparison of Model 8 results by company 2 and SSDC   95 

Table 4.27 Case summary for electrical appliance     101 

Table 4.28 Home load frequencies       101 

Table 4.29 Current Isalu load audit on a 24hour scale     101 

Table 4.30 Current Isalu load audit on a 12hour scale     102 

Table 4.31 Futuristic projections of Isalu load requirement using 0.8% growth rate 103 

Table 4.32 Futuristic projections of Isalu load requirement using 1.2% growth rate 103 

Table 4.33 Futuristic projections of Isalu load requirement using 1.5% growth rate 104 

Table 4.34 SSDC result for current and futuristic Isalu load requirement  105 

 

 

 

 



xiv 
 

LIST OF FIGURES  

Figure 2.1 Share of World‟s Primary Energy      9 

Figure 2.2 Annual Demand growth per fuel       9 

Figure 2.3 Energy consumption per region       10 

Figure 2.4 Energy consumption growth per region      10 

Figure 2.5 The Electricity gap: Total electricity net generation    12 

Figure 2.6 Economic growth not translating into universal electricity generation  12 

Figure 2.7 Close up view of renewable energy share of Africa‟s generation   13 

Figure 2.8 Renewable Energy capacities in Africa      14 

Figure 2.9 Renewable Energy capacities in Africa      14 

Figure 2.10 Comparisons of Nigeria‟s electricity production, and population data  16 

Figure 2.11 Solar Installed capacity        24 

Figure 2.12 Installed capacity of CSP in the world as at 2015     29 

Figure 2.13 Cell, modules and array configuration      30 

Figure 2.14 Examples of  PV systems       31 

Figure 2.15 Examples of  PV array configuration      31 

Figure 2.16 Schematic of a PWM charge controller      38 

Figure 2.17 Power curve for a PWM charge contoller     38 

Figure 2.18 Schematic of a MPPT charge controller      39 

Figure 2.19 Free Sun Power system sizing estimator      43 

Figure 2.20 Free Sun Power output display tab      44 

Figure 2.21 Free Sun Power 2, 4 and 8kW       45 

Figure 2.22 Free Sun Power Battery bank designer Interface     46 



xv 
 

Figure 2.23 Free Sun Power wire size calculator interface     46 

Figure 3.1 Snapshot of the first step in MATLAB GUI     52 

Figure 3.2 Snapshot of total system capacity in Watt-hour and Watt t   53 

Figure 3.3 Snapshot of the panel size required for solar system in watts   53 

Figure 3.4 Overall view of the Solar System Design Calculator Interface   61 

Figure 3.5 Solar System Design Calculator Interface (Phase 1)    62 

Figure 3.6 Solar System design Calculator Interface (Phase 2)    63 

Figure 4.1 Graphical representation of Model 1 Panel wattage and Battery rating from company 2 

and SSDC         96  

Figure 4.2 Graphical representation of Model 2 Panel wattage and Battery rating from company 2 

and SSDC         96 

Figure 4.3 Graphical representation of Model 3 Panel wattage and Battery rating from company 2 

and SSDC         97  

Figure 4.4 Graphical representation of Model 4  Panel wattage and Battery rating from company 2 

and SSDC         97 

Figure 4.5 Graphical representation of Model 5 Panel wattage and Battery rating from company 2 

and SSDC         98  

Figure 4.6 Graphical representation of Model 6 Panel wattage and Battery rating from company 2 

and SSDC         98 

Figure 4.7 Graphical representation of Model 7 Panel wattage and Battery rating from company 2 

and SSDC         99 

Figure 4.8 Graphical representation of Model 8 Panel wattage and Battery rating from company 2 

and SSDC         99 

 

 

 



xvii 
 

 

 

ABSTRACT  

 

In this dissertation, the development of a Solar System Design Calculator has been explored. 

One of the challenges faced in the Solar Power industry in Nigeria is the challenge of proper 

sizing of solar equipment to be installed. The installed solar systems in many homes in Nigeria 

are undersized; this leads to the underperformance of such systems. This and many other 

reasons have led to consumer skepticism and reluctance in installing solar power systems for 

their energy requirement. The purpose of this developed Smart Calculator is to help ascertain; 

to a large extent, the minimum solar requirement to be installed for any home or business 

in Nigeria. The calculator estimates the number and wattage of solar panels required, the 

quantity and rating of the batteries needed, the rating of the inverter and charge controllers to 

meet any energy requirement. The calculator results are displayed on a MATLAB GUI. The 

user can also print out the results of the calculator on an excel spreadsheet. The results from 

the calculator were also compared with Solar Installation catalogs from two Nigerian companies, 

to check for similarities and deviations. The results show that 52.2% of the measurements 

comparing company 1 result and SSDC were out of range, while 43.5% of the measurements 

were within range for panel size measurement, battery size and inverter size calculations and 

62.5% and 25% for panel size measurement and battery size measurement respectively for 

company 2. The calculator was also used to estimate the solar requirement for a rural 

community for the current energy demand and a futuristic growth rate of 0.8, 1.2 and 1.5% 

was considered. The developed calculator shall assist solar system engineers and installers, 

home and business owners and other enthusiasts make better estimates. 

 

Keywords: Solar calculator, Rural Electrification, Solar Power, MATLAB GUI 
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