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Executive Summary 

Solar power systems are one of the fastest growing renewable energy sources that are being 

implemented and commercially used as an alternative solution to the every growing power 

demand. A Great number of businesses in Africa have to rely on their own means of power 

generation systems because the local electricity company is not up to the task. 

A feasibility study was done on the efficiency of solar power systems. For this solar power 

system feasibility study three elements need to integrate with each other, a simulation 

software package called Anylogic is used to solve the integration, design and test problem. 

The Literature Review will explain why the software program Anylogic was chosen and what 

methodology will be used to solve the problem. 

The simulation model delivered results to help consulting firm Lerumo decrease the design 

cycle time and replicated real world scenario as close as possible to give accurate results. The 

Anylogic simulation model was specifically designed to accommodate different scenarios and 

deliver results fast and accurate as to the specific solar power system configuration required. 
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Glossary 

 

PV Photovoltaic 

A Ampere 

W Watt 

KVA Kilo Volt Ampere 

IR Irradiance 

DC Direct Current 

AC Alternating Current 

KW/H Kilo Watt per Hour 

VOC Voltage Open Circuit 

VMPP Voltage Maximum Peak Power 

NOCT Normal Operating Cell Temperature 

TEMP CO V Temperature coefficient for voltage 

SQM Square meter 
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Chapter 1 

1.1 Introduction 

 

During recent years it has become clear that the South African power utility company Eskom 

failed to deliver reliable energy for the public at large and neglected to focus on the value of 

renewable energy sources. This resulted in a shortage of power generation. In Africa this is a 

bigger problem, the aim of this project is to see how that problem can be minimized or 

completely ironed out with the help of the consulting firm Lerumo and their expertise 

services. 

1.2 Background 

 

Lerumo was founded in 1993 and has expanded their expertise in Enterprise Asset 

management to provide services in that domain. Due to Lerumo`s involvement with energy 

related projects in Africa the constraint of reliable electrical grid power on infrastructure 

projects become clear, hence the need for alternative power. Lerumo specialize in the 

development of power system that uses a renewable energy source in order to contribute to a 

greener environment and to exploit the business opportunities related to off-grid solutions. 

Solar, wind or water is the three main renewable energy sources used for alternative power 

systems. Lerumo specialise in solar power systems in African countries because many 

communities are without the luxury of grid power electricity. Solar power is a cost effective 

solution and most used renewable power system in the world. For a solar power system to be 

effective it needs to be efficient in converting sun rays into electrical power but within certain 

parameters. One of the challenges encountered with alternative power was the turnaround 

time of the design of such a renewable power system. The problem will be defined in greater 

detail later in this document. Different elements of the system should work seamlessly 

together in order for the whole system to be a success and to be a solution to a complex 

problem. The major elements of such a complex system will be explained in detail later in 

this document. The relationship between these elements needs to be functional for a 

successful system. Valuable time is lost during the system planning stage where it could have 

been used to implement the system and make a profit from the project.  
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1.3 Problem statement 

 

Lerumo needed a tool to help assist with design specification for a specific client’s energy 

demand and shorter design cycles. The problem leading to lengthy design cycles is 

calculating the number of solar panels, battery and inverter specifications needed for a 

specific situation and including the effect of weather and angles on the panels. Even before a 

calculation is made, the project must be commercially feasible, meaning it must be an 

affordable option to replace grid power with solar power. The solution will improve the 

design cycle time and will also make a suggestion as to how many solar panels are needed for 

that specific area. 

1.4 Project Aim 

 

The project aim will be to define the scope of the problem in order to create a more efficient 

design process to minimize design cycle times. The aim of this project is not to compare 

different renewable sources against each other but to compare different solar power elements 

to find the most practical solution with solar power as a renewable energy source. Important 

results of the design are: 

• How many solar panels are needed to eliminate grid power?  

• How big should the inverter be to power my load?  

• How long can I use the batteries without sunlight charging them again?  

• What effect does the weather and seasons have on solar power?  

To achieve the aim of this project a tool is needed to assist Lerumo and their clients in 

developing the best configuration of elements to fit the clients’ needs for the most economical 

solar power system. The tool will also help the client to understand the different elements that 

a solar power system consists of and to understand and visualize how a solar power system 

works. The tool must be versatile to keep up with growing technologies for future usage on 

solar power system development within Lerumo. 

1.5 Project Scope 

 

The project consists of helping Lerumo develop a tool to assist them in choosing the correct 

solar power system configuration. The tool will use various inputs from the client as well as 

product details to determine a few options. Only a few products will be used to design, 
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develop and test the tool. These products will be selected for their specific characteristics and 

usage in the market. A comparison will be done before hand to filter out all the different solar 

panels in commercial use today for the top three. The input from the client must consist of the 

irradiation for that area for a year where the client wants to install the solar power system. 

Irradiation in short is how much sun is shining per sq. meter measured in Watts per sq. meter. 

The suppliers also need to provide the solar panels’ specifications ex. At 1000 IR it produces 

120 Volts and 3 Ampere. 

The client can also add restrictions to the system due to space and property constraints, e.g. 

only 20 degree angle is available for the solar panels or the panels can only face in a western 

direction, the ideal for solar panels is to face directly north at a 20 to 30 degree angle. The 

client can limit the number of solar panels, but the simulation tool will calculate the ideal 

number of panels to generate enough power to supply the demand. From the electrical design 

of a facility the usage in kilowatt hours for an entire day will be determined. The tool will 

only test different solar panels in different weather conditions with different angles to the 

ground and different deviations from north, with one 8KW inverter and one configuration of 

48 volt batteries. Popular and commercially available products are 48 Volt battery 

configurations and 8KW inverters. This will limit the variables in the problem to a controlled 

environment for a feasible solution for the problem can be found. The tool will help the client 

to configure the usage to an optimal level for the system to be efficient and cost effective and 

to minimize the number of panels. 

The project scope does not include a practical implementation of the project or any part of the 

project. This is only a feasibility study to determine if solar power is the correct renewable 

energy source to be used in these conditions. 
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1.6 Assumptions 

 

A few assumptions was made in this project, they are as follows: 

• The weather does not change dramatically within an hour period 

• The weather can be predicted with a triangular distribution. 

• Fully charged 2 volt battery cell has a voltage of 2.166 

• A 48 Volt battery pack is the most efficient.  

• A MLT drive bidirectional inverter with 8KW capacity is enough. 

• The data from varies sources are correct and can be used. 

• The input data used for the tool are only estimations for the area or product. 

These assumptions were made to simplify the tool that needs to be developed and to decrease 

the number of variables in the system. 

1.7 Deliverables 

1.7.1 The Tool 

The tool can consist of some type of application that can run on any personal computer or any 

type of program where the client can insert the inputs needed for a feasible result via an excel 

file.  

The tool can have a visual element to help the client visualize the workings of a solar power 

system. 

1.7.1.1 Solar panel output simulator 

The tool must simulate the output in watts of the solar panels as if the sun was shining 

according to the area history and season changes and angle efficiency, north deviation. 

1.7.1.2 Weather considerate 

The tool must simulate weather conditions for a year to make the tool as close to real 

life conditions as possible. 

1.7.1.3 Manual 

The manual will help Lerumo use the tool and understand how it works. The manual 

will also help with troubleshooting if there are any errors. 
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1.7.1.4 Power per square meter analysis 

The tool must calculate the different KW per sq. meter to help choosing a panel that is 

the most effective with the smallest foot print. 

1.7.2 Cost analysis 

 

The most feasible solution will be the most efficient solar power system configuration for that 

area, meaning it will comply with the client’s needs, but the tool will also keep in mind the 

most economic KW/h rate to make it an economical viable option. 
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Chapter 2: Literature Review 

2.1 Introduction 

 

In this literature review the elements of a solar power system will be examined. Details of 

why solar power was chosen as the preferred system for the feasibility study will be 

disclosed.  

2.2 Element analysis: Renewable energy elements 

 

Currently there are three commercially available renewable power sources namely: Solar, 

wind and water. Lerumo`s focus is on solar power, because it host the most advantages than 

the other two. In Africa water is limited; moving water is even harder to come by and most of 

the water is pollute with rubbish and oil that will damage any system. Building dams is also 

an option but this is a very expensive option to implement a water renewable energy source. 

For this reason alone water as a renewable power source was scraped. Wind was also 

considered but it was not commercially available for Lerumo to test the system for Africa. 

The city of Port Elizabeth has built a wind turbine as a pilot for the city to see if it is a 

feasibly option to help the power demand.  There are also smaller turbines on the coast to 

supply power to billboards and traffic lights. 

 

 

 
Figure 2 - Wind Turbine 

Figure 1 - Wind Turbine 
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Solar power is more widely used and available in South Africa for Lerumo to use it as a 

business opportunity in Africa. To transport the solar power system to Africa is much more 

feasible than transporting a wind turbine or water turbine. In conclusion solar power seems to 

a suitable option to proceed with testing. Tshwane city has placed a few small solar panels on 

top of street lamps as a pilot. 

The following solar power elements will be discussed in detail. 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Elements of solar power system 

 

2.2.1 Photovoltaic panel  

 

The solar panel is a Photovoltaic panel that converts sun irradiation into voltage and current. 

The panel consist of cells or modules made out of mono crystalline, poly crystalline or 

silicon. The solar cells that you see on calculators and satellites are also called photovoltaic 

(PV) cells, which as the name implies (photo meaning "light" and voltaic meaning 

"electricity"), convert sunlight directly into electricity. A module is a group of cells 

connected electrically and packaged into a frame known as a solar panel, which can then be 

grouped into larger solar arrays. Basically, when light strikes the cell, a certain portion of it is 

absorbed within the semiconductor material. This means that the energy of the absorbed light 

is transferred to the semiconductor. The energy knocks electrons loose, allowing them to flow 
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freely (WORKS, How Stuff, 2011).This is a short but effective description of the inner 

workings of a solar panel array. The following knowledge obtain can now be used to build a 

tool to calculate the output of a solar panel if the amount of irradiation is known. All the 

manufactures of solar panels test their panels in a controlled environment, with that data 

calculations can be made. 

 

Figure 4 - Solar Panel Design 

2.2.2 AC – DC Inverter and Charger 

 

The inverter forms the centre of the system, without it the system cannot manage charge rate 

of the batteries or convert the battery power into grid power. Here in South Africa we use 220 

to 240 volts to power most appliances. With the solar panel only generating from 12 to 120 

volts and the batteries only 48 volts we have to have something to convert the direct voltage 

and current into commercially usable voltage and current. An inverter is a device that 

converts battery power (DC) into alternating current (AC) of a higher voltage. This means 

that most inverters are installed and used in conjunction with a battery bank of some sort - a 

common set up in off grid solar installations. The reason for converting DC to AC is because 

of the limited number of DC appliances available. 
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Figure 5 - MLT Inverter 

Two different inverter systems was looked at, the MLT drive inverter and variance SMA 

products. MLT uses the principle of cycling all the power through the batteries where SMA 

does something completely different. MLT Drives include the charge, inverter and the 

maximum peak power transformer. With these three elements grouped together the solar 

power panels can charge the batteries, they can be regulated and power can be provide via the 

inverter. The SMA products are more modular, each of the elements above is separate. The 

sunny boy unit transforms the solar power panels’ voltage from the DC voltage to AC voltage 

and ties it directly to the grid power. This configuration only generates power during the day, 

which is beneficial to office parks or services only using power during the day. The sunny 

island connects to the grid power and to a battery pack. This is the battery charger and 

controller, if there is more power on the grid than what is currently being use the batteries are 

charged, and if there is no more sunlight to supply power, the sunny island generates power 

from the batteries. 
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2.2.3 Battery 

 

Batteries are the storage department of an inverter-powered solar power system, storing 

power for use on demand. The most basic way to draw electrical power from a battery is 

direct current (DC) at the nominal voltage of the battery. Nominal voltage means that you 

don’t convert the voltage into higher or lower voltage. Your car radio for example uses 12 

volts DC the same voltage as your car battery. Batteries are the element in the solar power 

system that stores energy, without a storage element in the system the energy generated by 

the solar panels cannot be used when there is no sun or if the demand is lower than the power 

produced by the panels. In this study we are only going to look at 48 volt battery systems, this 

means that each battery cell is 2 volts. The system will use 24 of these batteries to create a 48 

volt battery pack. 

 

Figure 6 - Battery Design 

 

 



Feasibility study on the efficiency of different solar power systems in Africa  ����

 

16 | P a g e  
MR J Vorster 

 

 

 

 

 

 

 

Figure 7 – Battery system 

These three elements must be configured in a specific array to take full advantage of solar 

power. The next part of the literature review will probe into possible methods and tools to test 

the configuration for the most beneficial system.  

2.3 Industrial engineering methods, tools and techniques 

 

Researched showed that the most used method in the industry is to equal the output to the 

input. This simply means that if the client is using 1KW/h then the system needs to generate 

1KW/h. If the client uses 8KW/h for a day the system needs to generate 8KW/h. This is a 

practical method and logical. One solar panel generates 240 watts as an example, if there are 

4 solar panels and 7 hours of sun light, and then the system generates 6.72KW/h for the day. 

The client can then use 6.72KW/h for the day. Below is a practical example. 

Table 1 - Linear Method 
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This method is used in perfect conditions and an ideal world. There are a few things that are 

not considered in this calculation namely: Weather, climate, battery and inverter efficiency, 

solar panel angles. This method does not use the client usage as a benchmark for the 

minimum number of solar panels needed. In effect the system does not provide the user with 

the option of managing his usage, for example the geysers switch on when there is more 

power during peak daylight hours. Simply by moving the usage around through the day less 

power can be used, or the power can be better distributed over a period of 24 hours. This will 

also help that the batteries are not fully charge for more than four hours during the day, 

otherwise the extra solar power is lost. 

Linear programming may solve the problem and also considered these aspects in the 

calculation. Linear programming is one of the tools available to me, but after careful 

consideration simulation was chosen. Linear programming cannot be configured to have 

Lerumo making live changes as the tool is solving the problem. With simulation this is 

possible and is an advantage to Lerumo. Linear Programming is also more difficult to 

configure if the system changes.  

2.4 Development of supplementary methods 

 

The following will explain how simulation methods and languages will be applied to this 

problem and explain the roll out strategy to simulate the problem in a software package. 

2.4.1 Simulation Languages 

 

Simulation as a problem solving technique has many types of problems to which it can be 

applied successfully. The reasons why this is the chosen problem solving technique for this 

project is discussed by using the guidelines set by Carson (2005). The analogies between 

systems where simulation can effectively be used on solar power systems, will be drawn to 

conclude why simulation is chosen as problem solving tool. When there is no simple model 

available or can be constructed to accurately analyse and represent the system simulation is a 

suitable tool available to Industrial Engineers. An analytical model can be constructed to 

represent the system but because of the solar power system being so complicated this will not 

be an easy task. It is not appropriate to apply a mathematical solution to such a complex 

system.  
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Simulation has become more widely accepted, effective and powerful as an alternative 

solution method as to an analytical method. The solar power system has a very complex 

interaction with each of its elements in the system, and for that reason simulation is an 

effective tool. Solar power system has events that recur all the time, when the sun is shining 

the batteries charge and if there is no sun the batteries are being discharge. There is also a 

cycle that can be simulated. Simulation can be used effectively to display the relationship 

between elements for each of the cycles or events. 

Simulation is a good tool to test if a new system is feasible, the cost of building a simulation 

verses building a prototype supports this theory that simulation is better. Simulation can be 

very accurate in representing the system in a virtual environment. Simulation can simulate the 

failure of certain elements if that is a requirement from the client. 

Cost calculations can also be added to the simulation to show the user an end total of the total 

cost for that specific system configuration. This will help to compare the Rand per Watt and 

Rand per sq. meter for each of the solar panels tested. 

There are two different simulation software available to be used, Arena from Rockwell 

Software and Anylogic from XJTEK. Each of these two software package has its advantages 

and disadvantages. Anylogic has a feature that can export the model as a JAVA standalone 

application, this application can then be viewed by anyone without having a licence for 

Anylogic. Arena does not have this feature. Anylogic is more object orientated this means 

that coding can be used in the simulation to achieve certain goals. If there is no object in the 

Anylogic library such an object can be create with coding, this feature is also not available in 

Arena.  

These few advantages that Anylogic has over Arena illustrates why Anylogic was chosen as 

the simulation software package. 

2.4.2 Simulation Methods 

 

Anylogic supports both three methods of simulation. The three methods are described by 

Xjtek technologies as follows: There are three major methodologies used to build dynamic 

business simulation models: System Dynamics (SD), Process-centric (“Discrete Event”, DE) 

modelling, and Agent Based modelling (AB). The first two were developed in the 1950s and 

1960s and both employ a system-level (top-down) view of things. The agent based approach, 
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a more recent development, is a bottom-up approach where the modeller focuses on the 

behaviour of the individual objects. (TECHNOLOGIES, XJTEK, 2011) 

Discrete event simulation technique was chosen for this specific problem, because it fits the 

profile the best out of the possible three methods. Below is a figure that shows one system 

can consist out of all three methods or any combination of the three. 

 

 

 

 

 

 

Figure 8 - Simulation Methods 

2.5 Literature study Conclusion 

 

The literature study shows that solar power systems are the most effective method for the 

problem. Lerumo is also in an advanced phase of using solar power systems as a grid power 

replacement, the design cycle time are very important for them. Other alternative power 

generation systems have not yet evolved as quickly as solar power, this can be due to a 

couple of reason but the climate in South Africa plays a big role. 

 From the literature study it was concluded that simulation was the most appropriate tool that 

will be used to solve the problem. As state above discrete event will be used as the simulation 

method because it fits the profile perfect. 
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Chapter 3: Development of Simulation 

 

In this chapter the development of the simulation tool will be discussed and explained in 

detail. 

3.1 Development of simulation design 

 

The initial design of the simulation model included all the elements of a solar power system, 

but this was reduced to only the solar panels being a variable and the inverter and battery as a 

fixed entity. This was due to the fact that the different combinations in which the three 

elements of a solar power system can be configured were too broad for the scope of this 

project. Only a few selected solar panels are compared with each other as is stated in the 

project scope of this document. The tool will make provision to compare the panels 

simultaneously and display live results of each solar panel next to each other.  

The following diagram will show the layout of the simulation.  

SUN RAYS

READ SUN RADIATION SPLIT INTO THREE CALC POWER PER PANEL

CALC EFFICIENCY WITH 

ANGLE AND DEVIATION
CALC TOTAL POWER

CALC EFFICIENCY AFTER 

INVERTER

CALC EFFICIENCY WITH 

WEAHTER

CALC USAGE,CHARGE OR 

DISCHARGE

 

Figure 9 - Flow Diagram 

The simulation needs baseline data with regards to irradiance for the specific area where the 

client wants to do a study on the feasibility of solar power. These irradiance values are 

collected by the national weather agency. In Appendix A is an example of irradiance values 

of Johannesburg in Gauteng, South Africa. This example data will also be used to test the 

simulation and demonstrate that they simulation is working according to specification. 
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The first calculation the simulation must do is how much solar irradiation is used by the panel 

to convert the sun`s rays into electrical power. The panel produces volts and amps from the 

sun irradiation that can be represented by watts if it is multiplied with one another. A data 

sheet from the supplier will show for example at a 1000 irradiation what the efficiency of the 

panels is separately with regards to volts and amps. The information must be transferred into 

an excel spread sheet with a predetermined layout to provide the information of the 

irradiation of a specific location as an input for Anylogic. An example can be seen in 

Appendix B of the predetermined layout. Each of the three panels` data that needs to be 

compared against each other must be transferred to the spread sheet before the simulation 

runs. 

 

Figure 10 - Simulation phase one 

The above figure shows the layout of the first phase in Anylogic. 

The next phase is to include weather in the simulation. A random number is generated with a 

triangular distribution, with 80 and 100 being the low and high points, and 95 the triangle 

point. This number represents the percentage efficiency of the solar panel. A triangular 

distribution is one of many distributions that can be used in Anylogic. For this simulation the 

weather follows the pattern of a skew triangle, a high and low point was available from the 

data. 

 

Figure 11 - Simulation Layout Second Phase 

The next Phase is to include the angle and deviation of the solar panel in the simulation. The 

angle can be influenced by the structure on which the solar panel will be mounted. The table 
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in Appendix C shows how the angle of the structure will influence the efficiency of the panel. 

The same can be said about the deviation for North if in the southern hemisphere and South 

deviation if living in the northern hemisphere.  These numbers represent the efficiency of a 

generic solar panel and may differ between the brands and types at that specific angle and 

north deviation. The angle and deviation can be changed while the simulation is running to 

give a feel as to how these factors change the outcome of the simulation. 

 

Figure 12 - Simulation Layout Third Phase 

The next phase is to calculate the charging rate for the batteries that the inverter can deliver 

with the amount of solar panels connected to it at a specific time. The inverter controls the 

charge rate for the battery pack and also monitors the battery levels to make adjustments to 

the charge rate. The inverter is used in a bidirectional configuration, meaning that electricity 

flows to and from the inverter. While it is charging the batteries the electricity flows to the 

inverter and while it is used as inverter the electricity is flowing from it. This is explained in 

detail in the literature study. The usage is extracted out of the battery pack via the inverter. If 

power is drained from the battery the AH depletes and if the battery is charged the AH 

increases. In the charging method the simulation determines how many solar panels are 

needed for the usage specified. If the battery pack`s AH is below the desired AH the system 

will increase the solar panel quantity. 

 

Figure 13 - Simulation Layout Fourth Phase 
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Figure 14 - Simulation Design mode 

The above diagram is a screen shot of the simulation in design mode, and all the variables is 

described in Appendix D to show the coding for each function in the simulation. 

3.2 Data collection and analysis 

 

A Restriction was placed on the number of solar panels compared at a specific time and for 

that reason market research was done to find solar panels to compare with each other. Two 

makes of solar panels stood out in the original research. Bosch and Schott, both these brands 

are imports from outside of South Africa. With the weighted average method three out the six 

solar panels was chosen. Below is the average method shown in excel format. This method is 

used to compare different units with each other but on even ground, because the critical 

factors are given a different weight. In appendix E the data sheet of the three best preforming 

panels can be seen. These data sheet is also the used to populate the excel input file with data.
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Figure 8 - Weighted Average Method Bosch 

 

 

 

 

 

 

 

 

 

 

Figure 9 - Weighted Average Method Schott 

  

Factor   Weight 
Bosch a-SI Plus Bosch um-Si Bosch  c-Si p 60 Bosch  c-Si m 60 

Rating Score Rating Score Rating Score Rating Score 

Voc 40 141 56.4 135 54 36.7 14.68 36.8 14.72 

Vmpp(400) -30 0.8 -0.24 3 -0.9 2.1 -0.63 2.1 -0.63 

NOCT Vmpp 40 68 27.2 99 39.6 26.9 10.76 27.07 10.828 

Temp co V -1000 0.28 -2.8 0.31 -3.1 0.35 -3.5 0.34 -3.4 

SQM 0.5 1.43 49.3007 1.43 47.2028 1.639 11.19585 1.64 11.21951 

  0 0 0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 0 0 

 Total   
 

  129.8607   136.8028 0 32.50585 67.95 32.73751 

 
Factor   

Weight 
Schott poly 300 Schott Indax  Schott a-Si 

Rating Score Rating Score Rating Score 

Voc 40           48.9 19.56 36.7 14.68 41.5 16.6 

Vmpp(400) -30 16 -4.8 20 -6 14 -4.2 

NOCt Vmpp 40 36.3 14.52 26.9 10.76 29.4 11.76 

Temp co V -1000 0.32 -3.2 0.33 -3.3 0.33 -3.3 

m2 0.5 2.21 11.06335 1.767 10.38483 1.44 14.40972 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

 Total   
 

0 37.14335 0 26.52483 0 35.26972 
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The weights with the negative values are there to decrease the total because that characteristic 

value increases if the characteristic worsens. 

3.3 Simulation workings 

 

The simulation uses the predetermined Depth of discharge to calculate when the batteries are 

below a reasonable working level. If the batteries go below this point, the number of solar 

panels is increased. This will have the conclusion that the system can supply closer to the 

demand. The 2 volt battery cells are not precisely 2 volts but closer to 2.16 volts. Battery cells 

with a voltage of 1.75 are considered to be at an 80% depth of discharge, this gives the 

battery pack a total voltage of 42 volts. The depth of discharge can be 60% or even lower but 

decreases the battery life. A depth of discharge of 80% is a value chosen to expand the 

battery life as much as possible. 

The simulation uses a few functions that are unique to simulation. As the simulation runs 

through the hours of a day hour by hour, it checks to see if the batteries are fully charged for 

more than the predetermined amount of time, the standard is 4 hours. If this is the case the 

simulation reduces the amount of solar panel it is currently using to determine a feasible 

solution. The simulation updates the values once every hour of the day. 

The simulation compares three solar panels with each other at a time, the third solar panel is 

configured to always be paired in series while the other two is configured in parallel. This is 

because some of the new panels do not produce more than 52 volts for the batteries to be 

charged. Any of the 48 volt battery packs needs more voltage than the battery pack itself to 

be charged, and one specific solar panel does not produce enough volts under direct sun light, 

for this reason the panels are paired two-two.  

The angle feature in the simulation is required to measure if a new structure should be built 

for the solar panels because in some cases where a roof is used and the angle differs from the 

ideal angle and can lead to efficient levels being very low. 

During all the calculations the simulation calculates the watts per square meter by taken the 

total watts generated by the panels divided by the total square meters of the panels. The 

answer of each of the three panels can then be compared with each other. 
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The ampere hours of the batteries are also calculate to determine how long the batteries can 

provide the inverter with a sustained amount of ampere. The battery voltage is calculated 

from the ampere hours left in the battery just an indication to the state of the battery. 

3.4 Simulation Results 

 

The base for the simulation in real life was to see if a small and medium to large house can be 

supply with power by solar panels. The second result should show what happens when the 

usage of the user are moved around so that the power usage is more evenly distributed over 

the entire day. 

The following section will explain and interpret the results from the Anylogic Simulation. 

Different solar panels can make a huge difference to the affective total power output. Some of 

the solar panels perform much better in higher climate areas, where some of them perform 

better if the angel is not ideal. The design of each solar panel is different, this means that 

different fixing techniques should be used for each solar panel. The new technology thin film 

panels do not come with an aluminium frame like the poly crystalline or mono crystalline, but 

this makes the poly or mono panels thicker and not necessarily stronger. 

The simulation runs for a duration of a full year, after which it recommends a number of solar 

panels required for each of the three panels compared. The usage in the simulation at this 

time is equal to a 3 bedroom house with three people living in it. 

Another property of a panel that has to be kept in mind is die open circuit Voltage. An 

inverter requires an open voltage that is higher than the nominal voltage of the batteries to 

charge the batteries. This is why one of the three panels is arrange in parallel format. 
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The first scenario is to simulate a usage of 12KW/H per day. The first figure shows the result 

for the first solar panel, as can be seen by the graph, 15 solar panels are needed to supply the 

demand. The other three graphs gives more information about the system, the top graph 

shows the total output from the solar panels. The second graph just below that on the right 

shows the Watt per sq. meter for this solar panel and the bottom graph shows the voltage of 

the batteries.  

 

 

Figure 15 – Bosch A-Si Panel Result 
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The second figure shows the results for the second panel, as can be seen only 11 of these 

panels are required to supply the same demand as the previous figure. The difference is due 

to the different solar panels being used. This solar panel produces the most Watt per SQM, 

and as a result of that less space is needed to supply the demand of power. 

 

Figure 16 - Bosch Um-Si Panel Result 
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The third and final solar panel will supply the demand with 6 panels and will do this with a 

watt per SQM of 13. 

 

Figure 17 - Schott Poly Panel Result 
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The second scenario is a simulation with a usage of 24KW/h. This is equal to a medium to 

large size home with 4 people. An average of 40 panels is needed to supply demand and this 

particular solar panel has a rating of 14 watt per SQM. 

 

 

Figure 18 - Bosch A-Si Panel Result 
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An average of 28 panels is needed to supply demand. This panel has again the highest Watt 

per SQM. 

 

 

Figure 19 - Bosch Um-Si Panel Result 
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An average of 15 panels are required to meet demand and can supply this with 13 watt per 

SQM 

 

 

Figure 20 - Schott Poly Panel Result 
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The third scenario is a simulation with 24KW/h as well but the usage pattern has been moved 

around to see if there is a difference in results. This will typically be when a geysers is on a 

timer and the timer is set to only power the geysers during the day. The theory behind this is 

that the geysers can use the power directly from the panels and the less endured when 

charging the batteries are minimized 

 

 

Figure 21 - Bosch A-Si Panel Result 
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The average solar panels needed in this scenario is 28 and this can be achieved with 16 watt 

per SQM. 

 

 

Figure 22 - Bosch Um-Si Panel Result 
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The average solar panels needed in this scenario is 20 and this can be achieved with 13 watt 

per SQM. 

 

 

Figure 23 - Schott Poly Panel Result 
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3.5 Simulation verification 

 

To verify if the simulation works to some standard, one of the methods in the literature 

review will be used to verify if the calculations made by the simulations is accurate. The 

method calculates that 8 solar panels are required to meet the demand, the simulation predicts 

that 6 to 9 is required, the difference is due to the fact that the simulation incorporates more 

variables into the calculation. 

The simulation was run for a house that uses 12KW/h per day, the other method calculated 

that the required number of solar panels should be 8. This shows that the simulation is on the 

right path to be accurate. The simulation can also be setup in a manner that the peak power 

usage is during peak daylight hours, this will have the effect that the panels’ maximum power 

output is used directly and not stored in the batteries where there may be some losses. 
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Chapter 4: Conclusion 

4.1 Cost analysis 

Lerumo sells Bosch or Schott solar panels at 16 rand per watt. The three solar panels will 

each have a different price according to their rated wattage. 

Panel Watt 

Cost per 

Watt Total Quantity 

Total 

Cost 

            

Bosch A-Si 90 16 1440 40 57600 

Bosch Um-

Si 115 16 1840 30 55200 

Schott Poly 300 16 4800 25 120000 

 

Installation cost can differ according to the requirement of the client. 

Eskom has a rate of R1.34 per KW/H for a resident in Pretoria area. 

Usage R/KWH Per day 

Per 

month 

Per 

Year 

Pay Back 

period 

            

24KW/H 1.34 32.16 964.8 11738.4 4.702514823 

 

The batteries and inverter cost an estimated R50000, this will increase the payback period to 

10 years. 

If the R/KWH is decrease to R0.7 which is paid by some of the poorer people in South Africa 

the following will apply. 

Usage R/KWH Per day 

Per 

month 

Per 

Year 

Pay Back 

period 

            

24KW/H 0.7 16.8 504 6132 9.001956947 

 

The batteries and inverter cost an estimated R50000; this will increase the payback period to 

17 years. 
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4.2 Conclusion 

 

After a thorough Literature study and simulation analysis the short answer to the problem is 

yes solar is a feasible option when power is needed and the local electricity company cannot 

supply the demand. The initial capital investment is large to invest in a solar power system 

and the return on investment will only be seen after 10 years at the earliest. Refer to the 

above mentioned Chapter 3 for details of the results gained from the simulation model. In the 

very worst case scenario the whole system can be paid off within 20 years with the saving 

induced. 

Prior to simulation model design cycle times were greater than 3 weeks. This design time 

decreased to 1 week with the use of the simulation tool. The simulation tool dramatically 

decreased the design cycle time for new projects. This increase will help Lerumo 

significantly to improve their delivery time for deliverables. 

In Africa or South Africa solar power is a replacement to old power systems, but further 

studies needs to be done to see the feasibility of such a system in places like the United 

Kingdom where sunlight is limited to only a few months a year. With new technology 

expanding rapidly one can expect a solution for such areas in a very short while. 

Other power saving steps can be added to a solar power system to help the system supply the 

demand, solar heating geysers are one option and gas stoves are another option to consider, if 

the power consumption needs to be decreased or when area limitations exists. 

The Bosch UM-Si panel was the best preforming panel out of the three panels tested. With 

this panel and its performance a feasible solution is easily possible because it will perform in 

most of the weather scenarios in South Africa and even Africa.  
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6 Appendixes 

Appendix A 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

 0:01- 1:00 0 0 0 0 0 0 0 0 0 0 0 0 

 1:01- 2:00 0 0 0 0 0 0 0 0 0 0 0 0 

 2:01- 3:00 0 0 0 0 0 0 0 0 0 0 0 0 

 3:01- 4:00 0 0 0 0 0 0 0 0 0 0 0 0 

 4:01- 5:00 0 0 0 0 0 0 0 0 0 0 0 0 

 5:01- 6:00 0 0 0 0 0 0 0 0 0 0 0 0 

 6:01- 7:00 100 100 0 0 0 0 0 0 0 100 100 200 

 7:01- 8:00 300 200 300 200 300 200 200 200 200 300 300 300 

 8:01- 9:00 400 400 400 500 500 500 500 500 500 400 400 400 

 9:01-10:00 400 400 500 600 700 700 600 600 600 500 400 500 

10:01-11:00 400 400 500 600 700 700 700 700 700 600 500 500 

11:01-12:00 400 400 500 600 800 800 800 800 600 600 400 500 

12:01-13:00 400 400 500 500 700 800 800 800 600 500 400 400 

13:01-14:00 400 400 400 500 700 800 800 800 600 500 400 400 

14:01-15:00 400 400 400 500 700 700 800 700 600 400 300 300 

15:01-16:00 300 400 400 400 600 600 700 600 500 300 300 300 

16:01-17:00 300 300 300 300 300 400 300 300 300 200 200 200 

17:01-18:00 100 200 200 0 0 0 0 0 0 0 0 100 

18:01-19:00 0 0 0 0 0 0 0 0 0 0 0 0 

19:01-20:00 0 0 0 0 0 0 0 0 0 0 0 0 

20:01-21:00 0 0 0 0 0 0 0 0 0 0 0 0 

21:01-22:00 0 0 0 0 0 0 0 0 0 0 0 0 

22:01-23:00 0 0 0 0 0 0 0 0 0 0 0 0 

23:01-24:00 0 0 0 0 0 0 0 0 0 0 0 0 

 

 

 

 

 

 

 

 



Feasibility study on the efficiency of different solar power systems in Africa  ����

 

41 | P a g e  
MR J Vorster 

 

Appendix B 

A-Si 1.43 Um-Si 1.43 Poly 1.6   

141 1.13 135 1.44 39.7 8.24 max watt 

0.99 0.85 0.99 0.81 0.9 0.8 900irr 

0.99 0.85 0.99 0.81 0.9 0.8 800irr 

0.99 0.64 0.98 0.61 0.8 0.6 700irr 

0.99 0.64 0.98 0.61 0.8 0.6 600irr 

0.99 0.42 0.97 0.41 0.7 0.4 500irr 

0.99 0.42 0.97 0.41 0.7 0.4 400irr 

0.99 0.2 0.92 0.2 0.6 0.2 300irr 

0.93 0.2 0.92 0.2 0.6 0.2 200irr 

0.93 0.2 0.92 0.2 0.6 0.1 100irr 
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Appendix C 

Percentage of maximum possible output depending on the orientation and roof pitch 
Orientation (deviation in Deg. From North) 

North 
North-East 
North-West 

East 
West 

South-East 
South-West South 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 

R
o

o
f 

p
it

c
h

 

0° 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 87% 

10° 93% 93% 93% 92% 92% 91% 90% 89% 88% 86% 85% 84% 83% 81% 81% 80% 79% 79% 79% 

20° 97% 97% 97% 96% 95% 93% 91% 89% 87% 85% 82% 80% 77% 75% 73% 71% 70% 70% 70% 

30° 100% 99% 99% 97% 96% 94% 91% 88% 85% 82% 79% 75% 72% 69% 66% 64% 62% 61% 61% 

40° 100% 99% 99% 97% 95% 93% 90% 86% 83% 79% 75% 71% 67% 63% 59% 56% 54% 52% 52% 

50° 98% 97% 96% 95% 93% 90% 87% 83% 79% 75% 70% 66% 61% 56% 52% 48% 45% 44% 43% 

60° 94% 93% 92% 91% 88% 85% 82% 78% 74% 70% 65% 60% 55% 50% 46% 41% 38% 36% 35% 

70° 88% 87% 86% 82% 82% 79% 76% 72% 68% 65% 58% 54% 49% 44% 39% 35% 32% 29% 28% 

80° 80% 79% 78% 77% 75% 72% 68% 65% 61% 56% 51% 47% 42% 37% 33% 29% 26% 24% 23% 

90° 69% 69% 69% 67% 65% 63% 60% 56% 53% 48% 44% 40% 35% 31% 27% 24% 21% 19% 18% 
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Appendix D 
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Appendix E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


