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Abstract 

 

The level of greenhouse gases (GHG) that are present in our atmosphere are alarming. These 

gasses, carbon dioxide, CFCs, and others, many of which are released by burning fossil fuels 

and organic materials, have built up in the earth’s atmosphere. The increasing levels of 

pollutant gasses in the atmosphere has precipitated the phenomenon known as the 

greenhouse effect, this in turn has caused Global warming which is affecting the planet’s 

weather. The disastrous effects of climate change caused by the build-up of “greenhouse” 

gasses and global warming affects our world in many ways, such an unfavourable weather 

conditions like floods, drought and rising sea levels.  

As the global population increases so does the potential of more harmful gas emissions being 

emitted into the atmosphere. As more factories are built to cater for these growing demands, 

these factories consume more power and more natural resources to fulfil the populations’ 

wants and needs. Natural vegetation, which absorbs carbon dioxide and emits oxygen, is 

being removed to make space for these factories, new houses, and other services. This fact 

that vegetation can no longer process the quantity of carbon dioxide humans pump into the 

atmosphere is a key contributor to Global warming. Furthermore, Eskom has one of the worst 

emissions per kilowatt hour (kWh) in the world due to the coal consumption of its power 

stations, many facilities emitting large amounts of greenhouse gases and thus resulting in a 

high carbon footprint. To aid in the reduction of carbon dioxide emissions, facilities can adopt 

a Carbon Neutral status (where the net harmful emissions are equal to zero).  

The aim of the present study is to evaluate a cost-effective method that business owners, 

directors or engineers can follow to assist facilities with their Carbon Neutral journey. The 

proposed renewable energy solutions for these facilities include the installation of many 

photovoltaics (PV) to reduce the amount of electrical energy drawn from the National grid and 

reduce Scope 2 emissions. Moreover, the study will evaluate two facilities, namely 

Malmesbury Farm and Malmesbury Smallholding as case studies and discuss steps to be 

taken to minimise their carbon footprint. The initial simulation will be performed using software 

such as PV Syst and Sunny Design. The data from the simulation and the actual is then 

compared. 

Both sites performed better than initially simulated by the PV Syst and Sunny Design 

simulations. Malmesbury Farm is on track to achieve an actual calculated return on investment 

of 125 months, this is 40 months less than simulated in Sunny Design and 1 month longer 

than simulated in PV Syst. The Malmesbury Smallholding has produced considerably more 

power than expected and is on track to achieve a calculated return on investment of 117 
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months. This is 52 months less than Sunny Design simulated and 31 months less than PV 

Syst simulated.  

Both facilities have considerably reduced their Scope 2 emissions, the Malmesbury Farm has 

reduced their Scope 2 emissions by 100%, where they have consumed 0 kWh from Eskom 

over the last year becoming a net zero energy consumer of Eskom power and proud Carbon 

Neutral Scope 2 emitters. The Malmesbury Smallholding has reduced their Scope 2 emissions 

by 74.43%, where over the past 12 months their Scope 2 emissions have amounted to only 

2.26 tCO₂e compared to 8.83 tCO₂e if no PV system was installed. The case studies prove 

that the installation of PV can considerably reduce a facilities carbon footprint and have a 

positive financial return on the investment. 

 

Keywords: Carbon Neutral, Energy management, Microgrid, Net Zero, Photovoltaic.  
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Definitions 

 

Carbon Neutral – making or resulting in no net release of carbon dioxide into the atmosphere, 

especially as a result of carbon offsetting.  

CO₂e or CO₂-eq – the number of metric tons of CO₂ emissions with the same global warming 

potential as one metric ton of another greenhouse gas.  

Microgrid – a small network of electricity users with a local source of supply that is usually 

attached to a centralized national grid but can function independently. 

Net Zero – a target of completely negating the amount of greenhouse gases produced by 

human activity, to be achieved by reducing emissions and implementing methods of absorbing 

carbon dioxide from the atmosphere.  

Semiconductors – a solid substance that has a conductivity between that of an insulator and 

that of most metals, either due to the additional of an impurity or because of temperature 

effects. Devices made of semiconductors, notably silicon, are essential components of most 

electronic circuits.  
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CHAPTER ONE: 

INTRODUCTION 

1.1  Introduction  
 

 

A vast percentage of the population are energy consumers; however, energy is 

expensive and with the added risk of intermittent loadshedding since 2005 it is not 

always available. Furthermore, heavy industrial facilities are being charged an 

additional expense (carbon tax) for emitting harmful gases into the atmosphere.  

Subsequently, many institutions are looking into alternative solutions. Unfortunately, 

energy consumers are typically not well versed in the energy field and do not fully 

understand how certain components operate. In most cases, many consumers have 

an idea of what they want but don’t have enough details to properly get started with 

the project. Moreover, there are various factors pertaining to becoming a Net Zero 

Consumer. These factors vary from industry to industry, residential and to the physical 

location (Sciences et al., 2014). In view of the above, consumers need to be guided in 

exploring various energy saving techniques and need to be made aware that there are 

many solutions available to them. These sustainable solutions should not only be seen 

as expenses but rather tools to improve their efficiency, one of the main techniques, is 

that of installing PV systems.  

 

1.2 Research background 
 

The assessment of Carbon Neutral status among facilities in South Africa have shown, 

in most cases, to produce more harmful emissions than they consume, thus, 

contributing to global warming. To aid in the reduction of global warming and to 

incentivise facilities to become Carbon Neutral, a phased in approach is being 

implemented to charge facilities carbon tax (South Africa. SARS, 2020:8).  This is 

calculated on the sector that the facility is in, and the quantity of emissions produced 

and used. Moreover, many of these facilities do not have the knowledge or skills to 

tackle the task of reducing emissions, hence the present study will serve as an aid and 

a guide to help reduce such emissions.  

 

1.3  Rationale / justification 
 

The South African energy consumption rationale used to be a fairly cost effective rate 

per kWh (Matlala, et al., 2016:3). However, this is no longer the case.  
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The consumer is focused on the final product and not the energy consumption of the 

process. In South Africa, the energy consumption of equipment is not primarily a 

deciding factor when selecting equipment (Li et al., 2016). Business owners are naive 

when it comes to the energy rate that is charged to them. They see it as a direct 

expense to the company. This misconception is the exact reason for this study. The 

intention is that the method proposed in the present research would create more ideas 

and initiatives for facilities to become Carbon Neutral, or at a minimum, reduce their 

current energy consumption.  

 

South Africa has many advantages because it has a large supply of natural resources 

and available open land. The per capita consumption is high in comparison to the 

remainder of the World (Matlala et al., 2016:4). This directly translates to more excess 

energy being consumed and more potential for reducing the consumers energy 

consumption.  

 

1.4  Research questions 
 

The important research questions that are discussed in this dissertation are as follow: 

 

• How much Scope 2 emissions are facilities currently producing? 

• What is a carbon footprint? 

• What are the barriers preventing facilities becoming Carbon Neutral consumers? 

• How does Carbon Tax affect a company? 

• What type of method is needed for facilities to achieve Carbon Neutral status? 

• Which simulation techniques can be used to formulate a suitable feasible option? 

• What are the effects of Carbon Neutral / net zero facilities on the environment? 

• What are the effects of Carbon Neutral on business operations? 

• What information / data needs to be collected to conduct a Design? 

• What are the project costs associated with the Design? 

• What are the applicable SANS standards? 

• What are the local restrictions / standards? 

• Which available software will be suitable for this research? 
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1.5 Problem statement 
 

The world is at a crossroads. Governments have recognised that greenhouse gases 

have caused global warming, and this could be devastating for mankind, as increasing 

temperatures result in climatic conditions which could impact on food security. This 

would negatively affect life on our planet.     

It is therefore essential that we actively reduce our greenhouse gas emissions all over 

the planet to prevent further rises in average temperatures. 

This can be reduced with use of Photovoltaics.  

 

1.6 Aims and objectives 
 

 

The main aim of this research is to establish an efficient method and to compare 

simulations and actual photovoltaic systems for a facility to become Carbon Neutral.  

 

The following are the objectives of the research: 

• To establish key factors that influence the Carbon Neutral status. 

• To establish the influence of carbon tax on facilities. 

• To evaluate a method which can be used to monitor and curb facilities 

excessive energy usage. 

• To investigate two sites that currently have PV energy interventions and 

establish cost, payback periods, financial analysis, design considerations. 

 

1.7 Methodology 
 

In all projects there needs to be an aim or objective. This objective needs to be clearly 

defined so that the team attempting to achieve this aim or objective can find success. 

These objectives can be to reduce cost, to reduce the establishments carbon footprint 

or both.  

 

The methodology which has been implemented in both case studies is detailed below: 
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Figure 1: Energy evaluation and intervention implementation method 

 

 

• Establish a base: Becoming a Carbon Neutral consumer requires an in-depth 

knowledge of the equipment, the process and how the facility or building operates. 

What is the daily operation at the facility, what days do they operate, when are their 

high demand times, these are all questions that shall aid in the design. It is important 

to establish the consumer’s energy consumption rate and their required minimum 

requirements. The Engineer needs to fully understand Scope 1, 2 & 3 GHG emissions 

and he needs to be able to evaluate and categorise them accordingly. If the process 

does emit Scope 1 emissions the Process Engineer or Site Manager should be 

consulted to verify equipment outputs. 

 

• Visual audit: Part of establishing a base the Engineer must evaluate how the site is 

run, where the site is, the distribution method and layout, operating time, critical 

equipment and processes. Simple fix items such as lighting; replacing incandescent 

globes with fluorescent or LED globes etc should be investigated. The distribution 

board (DB) is to be assessed to see how a PV system could be implemented or if a 

new DB would be required. Roof layouts, area and shading is assessed to establish 

how suitable the roof or if there is opportunity for a ground mount system so that the 

total amount of PV can be evaluated. 

 

• Energy audit and measurement: The critical hold point. For existing sites, it is 

possible to conduct an energy and measurement audit. For new sites the engineer will 

be limited to an equipment audit, this equipment audit shall contain a list of all the 

energy consumers as well as the emissions of this equipment. 
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• Local authority regulations: This and the design needs to be done together, as the 

regulations shall guide the design however there needs to be a concept design done 

to be able to know which regulations to adhere to. All local authorities have their own 

different standards and regulations. 

 

• Design of innovations: The Engineer will take all the information acquired in the 

above 4 items and determine which interventions are suitable, what equipment will be 

needed, how it will be installed and the return on investment. 

 

• The installation: The Engineers design will dictate how the installation is to be 

conducted. This must be completed by a trained and qualified personnel. Energy, 

especially electrical energy is extremely dangerous as it cannot be seen. No 

adjustments or tampering of electrical equipment and the distribution system should 

be done by anyone that is not trained and qualified to complete the install. 

 

• Monitoring: The monitoring of the facility will determine if the design parameters and 

calculations made by the Engineer have been met. It is imperative that this data is 

recorded for later evaluation.  In the case of Scope 2 emissions the Energy 

consumption vs energy production can then be compared. Phased approaches are 

very common when attempting to achieve a carbon neutral status. This monitoring 

shall guide the Engineer as to how the initial design compares to what is being 

achieved in reality. The system may need to be upgraded or adjusted as the process 

changes or the business expands. These fluctuations will be adapted and mitigated 

to achieve the target of becoming a Net Zero consumer. 

 

1.8 Delineation 
 

The design that will be implemented in this study will serve as a general guide for 

consumers in other locations. Moreover, the study will focus on items such as Net Zero, 

renewable energies (specifically PV Systems), energy efficiency, emission factors, 

Carbon Tax, Paris Agreement and Eskom’s current state of affairs. Items such as 

recycling, wind, water reclamation and scope 3 emissions will not be covered in this 

study.  
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1.9 Expected outcomes 
 

This thesis is intended to benefit designers, energy managers, business owners and 

Engineers. It shall guide them on the process and requirements to achieving a Carbon 

Neutral or Net Zero Energy status for their facility. By the end of this research, the 

following are the expected outcomes:  

• Establishment of a method and real-life example for facilities that wish to have 

a Carbon Neutral status. 

• Establish how emissions factors are calculated. 

• Clarification of the various Scopes of emissions. 

• How PV can aid customers facilities becoming Carbon Neutral consumers. 

• Establishment of possible reduction in operating expenses to become Carbon        

Neutral. 

• Establishment of a PV system that can greatly offset a facilities energy usage.  

 

 

1.10 Structure of dissertation 
 

This dissertation goes into detail comparing photovoltaic simulations compared with 

actual installations.  

Chapter one is the introduction to this dissertation, it highlights what research has been 

done prior and what methodology has been taken in this dissertation. 

Chapter two gives an overview of the process and what literature pertains to the study.  

Chapter three is a detailed review of net zero emissions, items such as greenhouse 

gases, emission factors and carbon tax.  

Chapter four is the design and assessment; this is where the simulation and the actual 

data is compared.  

Chapter five is the conclusion with recommendations for further studies. 
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CHAPTER TWO: 

LITERATURE REVIEW 

 

2.1 Introduction 
 

The study focuses on how PV systems, specifically, can aid facilities in becoming 

Carbon Neutral. To take all factors into consideration the literature has been divided 

into 5 main sections namely, environmental, monitoring, cost & design, technical 

documentations, and solar PV technologies. 

 

2.2 Environmental 
 

When considering the objective of achieving Carbon Neutral status, there are four 

important factors known as the Four R’s to consider. The terms Reduce, Reuse, 

Recycle and Refuse are checklists which can be used to examine the impact of various 

factors relevant to becoming a Net Zero Energy consumer (Study et al., 2016). In the 

pursuit of the balance between carbon emissions related to power generation, (and its 

subsequent consumption) and the reduction of emissions, Robbins et al. (2016) 

pointed out that the focus should not only be on the Electrical Energy consumption, but 

that greenhouse gas emissions play an equally pivotal role in the equation. Generally, 

distributed renewable energy generators do not produce excessive (if any) undesirable 

emissions. Karimi (2017) noted previously that the only form of distributed energy 

generation was that of petrol or diesel generators. With the development in renewable 

energy generators, many of these fossil fuel consumers are being replaced by PV or 

wind energy generators.  

 

2.3 Monitoring 
 

To become energy efficient, it is essential to monitor energy usage. Modern metering 

equipment such as the Meteo Control data logger and energy meters play a pivotal 

role in achieving efficient processes and energy usage. Once a baseline has been set, 

energy losses, machine failure or even a machine requiring maintenance can be 

highlighted and the appropriate action taken.  

 

By monitoring the power flow using accurate real time data, timeous adjustments can 

be made to improve efficiency. Li et al (2016) envisioned that the energy currently 
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consumed can be reduced by more than 20% by the year 2022, with the aid of power 

monitoring devices.  

 

Uken (2012) also highlighted that the control of energy can be one of the most cost-

effective interventions to implement, with a low outlay and high return. Most generators 

have an efficiency of less than 50%. This ultimately equates to 50% of the total output 

power that is lost in the generation process. This means that the cost of generating this 

power is close to double of what it should be.  

 

Future energy monitoring technologies are being developed to monitor and gather 

power flows and consumptions. Among these is the rise of the Internet of Things (IoT) 

devices. Shaikh et al (2017) describes data distribution and collection from micro 

sensors becoming common in first world countries. Once collected and analysed the 

data is used to influence market opportunity. 

  

2.4 Cost and design 
 

South Africa used to have one of the lowest costs per kWh, which attracted big 

industries, such as mining and smelters. However, over the last few years, South Africa 

has experienced dramatic price increases in electricity cost as mentioned by Matlala 

et al (2016). To combat these high rises in energy costs, professionals can analyse 

power consumption data in the form of kW and determine the best solution for that 

specific application or process. Some of these solutions entails adding variable 

frequency drive’s (VFD’s) to control electrical motors or power factor control, with the 

aim of aligning the real kW power with the apparent kVA power (Matlala et al., 2016).  

In modelling and performance evaluation of net zero energy buildings Anderson (2016) 

discussed suitable on-site renewable energies and the modelling of these renewable 

energy technologies. One very basic technique includes optimizing the amount of 

natural light that a building receives. Natural light is effective to reduce a buildings 

lighting energy consumption, however, it can cause additional heating. This additional 

heat would then require forced cooling in summer months but less heating in winter 

months (Anderson, 2016). He continues to discuss how PV is the most commercially 

feasible source of on-site renewable energy. This is mostly due to the consistency and 

recent performance enhancements.  

From a Carbon emissions perspective, many large global companies have committed 

to reduce their Carbon emissions by signing a pledge named the Paris Agreement 
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(Horowitz, 2016). One of the main objectives of the Paris Agreement is to limit the rise 

in global average temperatures. The intention is to limit the maximum temperature to 

1.5˚C above pre-industrial levels. Every 5 years, countries shall indicate their nationally 

determined contribution and indicate how they plan to curb the effects on global 

warming for the next 5 years. Many of these interventions and designs are being driven 

by 1st world countries and then the knowledge is passed onto poorer 3rd world 

countries. To incentivise facilities to reduce their carbon emissions, a Carbon Tax is 

applied by the South African Revenue Service (SARS). This tax is primarily aimed at 

Scope 1 large industrial polluters, which will be further explained later in this 

dissertation.  

 

2.5 Technical documents 
 

The literature used in this study is predominantly based on findings and technical 

specifications that were used to establish a Carbon Neutral facility (Pless & Torcellini, 

2010). The IEEE technical papers and reports make up the bulk of the literature as 

these digital libraries contain relevant sources of information. New technologies and 

findings from other countries will also be highlighted, reviewed and discussed as to 

their feasibility within the South African market (Bello, 2013). 

SANS 5001 (2011) document on energy management systems provide details on how 

standards are used to improve the energy management system (EMS). This document 

stipulates the steps that management can take to proactively implement an EMS at 

their company. Moreover, the energy policy of a company and how the framework is 

to be set out to achieve successful energy consumption targets were also discussed 

(Division, 2011). 

SANS 10400-XA (2011) further highlights energy usage in buildings. It discusses the 

architectural building requirements for energy usage. This document highlights and 

guides the engineers and architects to the maximum energy consumption of different 

areas or when used for the heating and cooling of buildings (Building & Part, 2011).  

 

2.6 Solar photovoltaic 
 

Solar PV technology and installations are discussed in the SAPVIA Solar PV 

Installation Guidelines (2017). In this document, the reflected solar radiation and sun 

paths are the initial factors in designing a PV system. Establishing the location and 
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solar radiation for the area, as well as the mounting method, the surface arrangement 

is then used to establish the layout and quantity of panels that can be installed. This 

ultimately equates to the size of the PV system. To reduce losses in the PV system, it 

is preferred to install PV panels in a series string to increase the voltage while keeping 

the current consistent.  

 

PV panels are DC sources and produce a DC voltage. Each PV cell is typically around 

0.6 V. A 72 cell PV panels standard test condition (STC) open circuit voltage would be 

around 43 V. The STC is a method of testing PV panels to a defined condition; this 

being a solar radiation of 1000 W/m² and cell temperature of 25˚C with an air mass of 

1.5. The series string of panels is therefore added together to form a string voltage. 

This allowable string voltage is dependent on the specific design parameters of an 

inverter’s Maximum Power Point Tracking (MPPT) allowable voltage. For an industrial 

string inverter, this can be up to 1500 VDC. The inverter is used to convert the DC 

voltage produced by the PV panels to an AC voltage that is synced with the utility. This 

power will then feed back into the local networks. If the power is not consumed by the 

local network, then it will either be exported to the utility network or used as power 

control, where a bidirectional current transformer (CT) is installed. The inverter will then 

throttle the output by adjusting the resistance of the MPPT accordingly (Siegfriedt & 

Brandt, 2017).     

 

2.7 Eskom 
 

For the last two years the cost of electricity has increased by 9.6% in 2022 and 15.06% 

in 2021 respectively. It is evident that there is an upward trend in the increase in 

electricity. 

All tariffs and rates have been extracted from the Eskom yearly tariff books (Tariffs & 

Charges Booklet, 2017), (Tariffs Charges, 2018), ( Tariffs & Charges Booklet, 2019), 

(Prices, 2020), (Prices, 2021), (Tariffs & Charges Booklet, 2022), (Charges Booklet, 

2023).  

The cost of electricity has increased by 10.69% on average from 1 January 2018 to 31 

March 2022.  
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2.8 South African regulations 
 

The National Energy Regulator of South Africa (NERSA) have a defined document, 

namely NRS 97-2-1:2017 Grid interconnection of embedded generation, Part 2: small-

scale embedded generation. NERSA work with Eskom to ensure a stable grid and that 

pricing is in line with realistic expectations, one could classify them as technical 

auditors. This document aims to outline the specifications of how these embedded 

generators are to be connected to the National Grid (Interconnection & Embedded, 

2017). 

Page 10 in NRS 97-2-1:2017 explains the 3 Categories of embedded generators, up 

to 1 MVA. 

• Category A1: 0 - 13.8 kVA 

• Category A2: 13.8 – 100 kVA  

• Category A3: 100 kVA – 1 MVA  

These categories have different grid connection requirements.  

Page 51, details the connection example of a single phase generator that is smaller or 

equal to 4,6 kVA. 

Page 52, details the connection example of a single phase generator that is smaller or 

equal to 13,8 kVA. 

Page 54 and 58, details the connection example of a three phase generator that is 

greater than 30 kVA. 

 

Applicable SANS standards,  

• SANS 10142-1 – the wiring of premises Part 1: Low-voltage installations 

• SANS 10142-2 – the wiring of premises Part 2: Medium-voltage installations above 

1 kV a.c. not exceeding 22 kV a.c. and up to and including 3 MVA installed capacity 

• SANS 60364-7-712:2018 – Low voltage electrical installation – Part 7-712: 

Requirements for special installations or locations – Solar photovoltaic (PV) power 

supply systems 
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2.9 Summary 
 

Chapter two is a review of the literature currently available. It highlights the 

Environmental effect of reduced and more efficient energy consumption. The effects 

and benefits of monitoring energy usage is further discussed. The Cost and design 

section introduces, for consideration, the Paris agreement, which is a pivotal 

commitment made by countries to reduce their emissions. Section 2.6 is an overview 

and design consideration of solar photovoltaics including design and industry 

standards. Section 2.7 discusses the current state and tariff increases of Eskom. The 

final Section in chapter 2 is the South African regulations that need to be taken into 

consideration, namely SANS and NRS.         
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CHAPTER THREE: 

NET ZERO EMISSIONS 

 

3.1 Introduction  
 

Net Zero is the term used to describe an activity which does not emit, or which results 

in no net release of carbon dioxide into the atmosphere (Anderson, 2016). Net Zero 

can also describe the result of carbon offsetting. A facilities Net Zero status is 

dependent on the quantity of greenhouse gases (GHG) it directly or indirectly emits. 

Carbon Neutral and Net Zero have the same underlying objective; for the facility, 

building, businesses, and staff to have a net GHG emission of 0 tCO₂e or less.  

 

3.2 Greenhouse gases 
 

These GHG are made up of a variety of harmful and toxic gases. Table 1 indicates the 

abbreviation name and overview of total emissions. 

 

Table 1: US GHG mix (EPA, 2022) 

 

 

Carbon Dioxide is the largest contributor to the GHG mix. It enters the atmosphere 

through the burning of fossil fuels, such as coal and natural gas. 

Methane is the second largest contributor to the GHG mix. It is emitted as a result of 

the production of coal, natural gas and oil. Livestock and agricultural practices including 

the decay of organic waste contribute to the production of methane. 

Name Abbreviation
Overview of total 

emissions

Carbon Dioxide CO₂ 79%

Methane CH₄ 11%

Nitrous oxide N₂O 7%

Hydrofluorocarbons HFCs

Perfluorocarbons PFCs

Sulfur Hexafluoride SF₆

Nitrogen trifluoride NF₃

3%
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Nitrous oxide is the third largest contributor to the GHG mix. Agriculture, industrial 

activities, the combustion of fossil fuels and solid waste including the treatment of 

wastewater all emit Nitrous oxide. 

Fluorinated gases are made up of Hydrofluorocarbons, Perfluorocarbons, Sulfur 

Hexafluoride and Nitrogen trifluoride. These are powerful synthetic greenhouse gases 

that are a biproduct in many residential and commercial applications. These 

Fluorinated gases are emitted in small quantities in comparison to Carbon Dioxide but 

have a higher global warming potential (GWP). Ie; 1 tone of Hydrofluorocarbons would 

have a worse effect on global warming than that of Carbon Dioxide (EPA, 2022) 

 

3.3 Greenhouse gas protocol 
 

The Greenhouse Gas Protocol initiative is a partnership between businesses, NGO’s 

and governments. It is used for GHG corporate accounting standard. 

There are three scopes that make up the Greenhouse Gas Protocol namely, Scope 1, 

2 and 3. 

 

Scope 1: 

Scope 1 involves direct GHG emissions that occur from sources that are owned or 

controlled by the company. For example, the vehicles of a company, furnaces or 

boilers. 

An example of this is a diesel generator that is used on site to power the facility. The 

emissions are produced on site. 

 

Scope 2: 

Scope 2 involves electricity that has been purchased and consumed by the facility. 

They do not produce the GHG but are indirectly affected by the emissions. The GHG 

emissions are physically produced at the facility where the electricity is generated. 

Companies are encouraged to install energy saving interventions to reduce their 

reliance on electricity. In addition to this, co-generation plants such as grid tied PV can 

be installed to reduce the reliance on utility. 
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Scope 3: 

Scope 3 is made up of other indirect GHG emissions. These are the consequences of 

the activity of the company. This scope caters for all indirect emissions that are not 

produced directly by the company but by the products that are used by the company.     

 

3.4 Emissions factor 
 

In 2020 Eskom reported that its annual Scope 1 emissions amounted to 201 375 875 

tCO₂e.  

The Scope 2 emissions form part of Scope 1 as this is their core business. 

Scope 3 emissions amounted to 248 240 tCO₂e. 

This results in a total of 201 624 115 tCO₂e (Holdings & Change, 2021) in which during 

the same period Eskom generated 194 238 GWh. 

To get to the emissions factor, the total resulting GHG emissions need to be divided 

by the electricity generated (Holdings & Change, 2021).  

 

Emissions Factor =
GHG Emissions

Total Electriciy Generated
 

 

Emissions Factor =
201 624 115 tCO₂e  

194 238 GWh
 

 

Emissions Factor = 1 036.1532 tCO₂e /GWh  

 

Emissions Factor = 1.036 tCO₂e /MWh  

Emissions Factor = 1.036 kgCO₂e /kWh  

The value of 1.04 kg CO₂e per kWh is used when accounting for Scope 2 emissions 

(Holdings & Change, 2021).  
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Figure 2 shows the emissions factor of comparative countries in Europe. If South Africa 

was part of Europe, they would have the worst emissions factor in Europe. The high 

emissions factor is due to a multitude of issues, these being outdated generation fleet, 

inefficient operation of the generators, constant breakdowns, inefficient transportation 

of raw materials and general disregard of equipment (Eskom, 2021). 

 

 

Figure 2: Greenhouse gas emissions intensity of electricity generation for 2019 (European Environment 
Agency, 2022)  

 

Compared to the rest of Africa, South Africa has the worst CO₂ emissions per capita in 

the entire continent. In 2020 this value was 7.62 tCO₂e average per capita. Figure 3 is 

a graphical view of the highest per capita emitters of GHG in Africa. 
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Figure 3: tCO₂e average per capita (Climate Watch, 2022) 

 

Eskom has been reducing its emissions in the second quarter of 2022 – when 

compared to the previous years’ GHG emissions. There has been a consistent 

reduction over the months of April, May, June and July in 2022 when compared to the 

same period in 2021. This has been tabulated in Table 2. An average GHG emissions’ 

decrease of 10.22% has been seen between the period of April, May, June and July in 

2021 to that of 2022. 

 

Table 2: Eskom total tCO₂e emissions for period from April to July 2021 & 2022 (Eskom, 2022) 

Month 2021 (tCO₂e ) 2022 (tCO₂e ) Reduction 

April 18 473 351,14 16 521 464,00 10,57% 

May 19 401 744,27 17 424 561,00 10,19% 

June 18 500 405,03 17 074 203,00 7,71% 

July 19 142 893,04 16 764 918,00 12,42% 

 

3.5 Carbon tax 
 

To calculate how much GHG emissions a facility is currently responsible for, the three 

Scopes need to be evaluated. Scope 1 are the direct GHG emissions of the facility. If 

the facility has vehicles or burns LPG gas for heating. These are examples of direct 

emitters of GHG. 
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Once these have been established scope 2 emissions need to be evaluated. Scope 2 

are the emissions produced by the facility that provides electricity to the consumers 

facility. In the case of South Africa, this would be Eskom. Eskom’s current emission 

factor is 1040 grams of CO₂e per kWh produced (Holdings & Change, 2021). 

Therefore, for every kWh consumed by your facility you need to multiply this by 1040 

grams. This will then provide the facility with the Scope 2 emissions. 

Scope 3 emissions are the indirect emissions. For example, if your facility gets 

products delivered, the emissions produced by the delivery vehicle need to be added 

to the total. 

Therefore, to get the total GHG emissions and carbon footprint of a facility, Scope 1,2 

& 3 accumulated totals need to be added together. 

In most cases Scope 3 emissions do not need to be accounted for by the company 

acquiring the service as the company providing the service should capture their 

emissions as their Scope 1 emissions. 

• For example, a facility that has used coal for heating in the process 

[Scope 1: CO₂ from the coal] + [Scope 2: Electricity used at the facility x 1040 g] +  

[Scope 3: emissions from the supplier’s delivery vehicle (if they do not capture these 

emissions as their Scope 1 emissions)] = total GHG emissions  

 

In South Africa the carbon tax is only applicable to Scope 1 emitters in 2022. This 

focuses on facilities that directly produce HFC, CO₂, CH₄, N₂O, C₂F₆, CF₄, SF₆ (SARS, 

2022).  

C₂F₆, CF₄ are small quantities when compared to the other gases, they are used in 

South African industries.  

C₂F₆ is Hexafluoroethane, this is an etchant and chamber cleaning agent (Linde, 2017).  

CF₄ is Tetrafluoromethane, this is used in the electronics industry for plasma 

degreasing of multilayer printed circuit boards (T. Cf, no date) . 

DA 180 is the Environmental Levy Account for Carbon Tax. There are 6 Annexures, 

the facility is to select the most suitable for their Carbon Tax Account submission 

(SARS, 2020). 
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1. DA180.01A.1 – Fuel Combustion (Stationary) 

2. DA180.01A.2 – Fuel Combustion (Non-Stationary) 

3. DA180.01B.1 – Fugitive (Oil and Natural Gas) 

4. DA180.01B.2 – Fugitive (Coal Mining and Handling) 

5. DA180.01C – Industrial Process 

6. DA180.02 – Carbon Tax Allowances 

 

South Africa’s state-owned enterprise, Eskom, emits a combined total 1040 grams of 

CO₂ per kWh produced. This is amongst the dirtiest power in the world. 

Auditing and monitoring of power is one of the most efficient ways to curb facilities 

excessive energy usage. By monitoring the power, excessive energy users can be 

identified. All equipment has a power rating, this power rating indicates the maximum 

power consumption of that specific equipment. When combined with the duty cycle of 

that equipment, a kWh can be calculated. This kWh should then be compared to the 

power consumption that is being monitored.  These can then be evaluated to establish 

if there are issues with that equipment; is it running for excessive hours or is it being 

incorrectly utilised. 

 

3.6 Barriers preventing facilities becoming carbon neutral consumers 
 

In many cases the prominent barrier from preventing facilities from becoming Carbon 

Neutral is access to funding or cash flow. There are viable solutions, however, a 

funding mechanism is required to enable these assets to be procured and installed. 

In South Africa, a barrier for a facility or company to reduce their Scope 2 emissions is 

Eskom’s tedious process to install grid tied PV systems. In most cases financial 

institutions will fund these projects as there is a healthy return on investment. However, 

if Eskom does not approve the export of excess power then the Scope 2 emission 

reduction is limited to daylight hours, when PV energy can be produced. 

If the facility has the appetite to install a battery system to store energy produced in the 

day and make use of the energy during the night, they could reduce their Scope 2 

emissions by 100%. The option of a battery is a premium cost, which does not have a 

great return on investment (ROI). In some cases, it can create a negative ROI whereby 

the asset never recoups the initial CAPEX cost. Case study 1 & 2 evaluate this option. 
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3.7 South Africa greenhouse gas reduction effort and commitments  
 

In 2019 South Africa committed to the 15th Conference of the Parties to the United 

Nations Convention on Biological Diversity (COP 15) with the aim of curbing 

greenhouse gas emissions by 34% before 2020 and 42% by 2025. This percentage is 

related to the Business as usual (BAU) trajectory and subject to support for developed 

countries (Eskom, 2021). 

In 2020 SA’s National Determined Contribution (NDC) confirmed its commitment to the 

Paris agreement where the intention is to curb the emissions from 2020 to 2025, and 

that between 2025 and 2035 the intentions is that a neutral phase shall occur:  

• existing capable businesses decrease their carbon consumption  

• new businesses are created 

• small non capable businesses expand resulting in more carbon emissions  

• after adding all these totals together, the net increase is 0 

 

Post year 2035 the commitment is that the net CO2-eq amount shall reduce year on 

year (SARS, 2022).  

 

3.8 Method for facilities to achieve carbon neutral status 
 

For a facility to achieve Carbon Neutral status review of the existing Scope 1 & 2 

emissions and emitters of GHG is necessary. Scope 1 can be hard to reduce as this 

often pertains to the processes at the facility. The intention would be to reduce the 

Scope 1 emissions as far as possible without affecting the business outputs. The next 

step would be to look at the Scope 2 emissions. The first step in reducing Scope 2 

emissions would be to reduce the facilities power consumption by installing efficient 

equipment and devices. Once this has been completed the installation of a PV system 

can further reduce the energy consumption to below net zero. If the utility permits the 

feedback or export of power to the network, it can be possible that the Scope 2 

emissions become a negative. This would be if the facility exports more power that 

what it imports from the utility. 

In this event, if the Scope 1 emissions are less that the negative scope 2 emissions 

(due to the PV system), the facility could therefore be declared Carbon Neutral. 
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3.9 Design techniques that can be used to formulate a suitable feasible option 
 

There are many design options that facilities can pursue with the aim of achieving a 

Carbon Neutral status. In all cases, however, the measurement of emissions and 

energy consumption is paramount. Once measurements have been established, 

monitored and analysed, interventions can be reviewed. 

In many cases the most cost-effective solution is to reduce the usage. For example, 

in the case of lighting. If the room is not occupied, then turn the lights off or install an 

automatic system.  This saves 100% of the energy and is a simple example that can 

be implemented in various scenarios, such as heating and cooling. 

Only once all these areas have been reviewed and exhausted, the reduction of 

Scope 2 emissions should be investigated. This would entail the installation of an 

energy generator, such as a PV system or wind turbine. 

 

3.10 Effects of carbon neutral facilities on the environment 
 

Once a facility has achieved a Carbon Neutral or Net Zero status, they can comfortably 

know they are not affecting the environment. Depending on the business, if there is a 

technological intervention that allows the company to operate as normal then there 

should be no effect.  

In many cases the option of PV is selected as this considerably reduces the Scope 2 

emissions and in turn reduces the total emission recording. 

 

3.11 Summary 
 

Chapter three discusses Greenhouse gases (GHG), their composition and the concept 

of Net Zero. Section 3.2 is breakdown of the GHG mix.  

The GHG protocol details the concept that there are 3 Scopes or levels where 

emissions are produced. Scope 1. is on site production, Scope 2. is a consequence of 

the electrical energy supplier’s production method, for example a coal fired power 

station. Scope 3 covers products and services used by the enterprise, an example 

could be the Net Zero status of a cardboard box or other packaging supplier. 
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Section 3.4 Details the fact that compared to the rest of Africa, South Africa has the 

worst CO₂ emissions per capita, 3.5 continues with the explanation of an emissions 

tax which has been introduced in many countries in the world which has the intention 

of punishing polluters. 

The rest of the chapter examines the problems and solutions to achieve a Net Zero 

status and suggestions to reduce emissions. 
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CHAPTER FOUR: 

DESIGN AND ASSESSMENT OF PHOTOVOLTAIC SYSTEMS 

 

4.1 Introduction 
  

There are two case studies that have been evaluated, namely Malmesbury Farm and 

Malmesbury Smallholding.  

Malmesbury Farm is a production farm that plants crops, waters them and then 

harvests and sells them. A large portion of their power requirement is the reticulation 

of water. 

Firstly, water is pumped out of the ground from a borehole into a holding tank. Then 

water from the holding tank is then pumped to the crops. This function is predominately 

in summer when there is very little to no rain and hot sunny days. The hot sunny days 

are perfect for energy production from photovoltaic panels. This increased amount of 

energy is then used for the reticulation of water. 

Malmesbury Smallholding is a smaller facility that caters for horses. The loads are 

predominately household loads with a small amount of power used for the reticulation 

of water. 

Two simulation software’s have been used for these facilities, SMA Sunny Design and 

PV Syst. SMA Sunny Design is specifically catered for SMA inverters, it provides 

design approval and recommendations. The format and layout is easy to use and 

understand. PV panel layouts can be super imposed on actual buildings to confirm 

designs. PV Syst is not associated to a specific brand; the specifications of the 

inverters is added by the user. This software allows for more detailed loads to be added 

and provides more detail as to the losses within the system. 

 

4.2 What information and data needs to be collected to conduct a design review 
 

For a design review to be conducted there needs to be an initial evaluation. This 

evaluation can be acquired by monitoring devices that are used to accumulate totals. 

In all cases it is important to fully understand the process and manufacturing or 

business requirements of the facility. In many situations to reduce the Scope 1 

emissions is not feasible or possible.  
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Once all Scope 1 emission reduction interventions have been exhausted, Scope 2 

emission reduction and possible offset can be planned and designed. These 

interventions can range from situation to situation. PV can be used to reduce the total 

GHG emission and equipment specific interventions such as installing a Variable 

Frequency Drive (VFD) on motors that Direct on Line (DOL), or replacing all 

incandescent bulbs with Light Emitting Diode (LED) bulbs. 

Once these interventions have been installed, it is paramount that the facility be 

monitored to assess the effect of these interventions. Data such as voltages, currents, 

power and power factor, should be recorded and stored. The interval of recorded data 

should be as small as possible because the more data that is received the more 

accurate the data potentially is. 

 

4.3 Project costs associated with the design 
 

An initial cost is for various measurement devices, these can range from vehicle 

tracking to gas analysers, to power meters and monitors. Once the hardware has been 

catered for and installed, the data is to be analysed. This would commonly be by an 

Energy Manager or Energy Auditor. The next cost would be that of the proposed 

intervention suggested by the Energy Manager or Energy Auditor. 

 

4.4 Software used to aid in photovoltaic designs 
 

Sunny Design is a product produced by SMA. This software does not have access to 

other 3rd party inverters and is only intended for use with SMA inverters. The software 

has the ability to make use of map data where PV systems can be designed on the 

intended roof. This adds to the accuracy and overall look of the design. The software 

allows for the emission factor to be added. This is then used to calculate the total 

potential CO₂e reduction over a selected period. In addition to the equipment design 

there is a financial analysis component. This is used to calculate the ROI of the project. 

Naturally, this is highly dependent on the tariff stated in the software. Once all the 

required data has been included the software produces a report. This report will 

highlight any wiring or stringing concerns on the installation. In addition, it indicates the 

total calculated income generated, energy and CO₂e reduced over the period. The 
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software has a quick learning curve. The issue, however, is that the background 

calculations are not visible for vetting. 

PV Syst is not dedicated to one brand or supplier; it is a standalone system that allows 

the user to calculate any PV system. It has the ability to input custom individual loads 

as well as the ability to set their running times. This software does not allow the user 

to design the PV system using google maps, where with Sunny Design the Engineer 

has the ability to superimpose PV panels on a google earth image. PV Syst does not 

calculate the CO₂ emission reduction due to the installation of the intervention. It does 

display a very comprehensive loss diagram on the 6th page. The software is fairly quick 

to adapt to. It has a notification bar in the centre, this is extremely helpful as it guides 

the Engineer to what is not complete and highlights areas of concern. The output is a 

clear and easy to follow report with all the basic information displayed.  

 

4.5 Case study one – Malmesbury Farm 
 

In April 2016 Malmesbury Farm had their PV system installed. After the solar PV grid 

tie system had been installed in 2016, the site upgraded with batteries in 2018 to go 

100% off grid. 

This case study equipment and materials were designed and installed at the 

experimental phase of the project. The cost for all the equipment and materials was 

paid for by the owner of Malmesbury Farm. 

 

4.5.1 Photovoltaic system details for case study one 
 

• Installation date: 10/04/2016 

• Total PV panels: 60x JKM255P = 15.3 kWp (‘JKM270PP-60-Datasheet.pdf’, 2015) 

• Orientation – Northwest (23˚ West of North) at a 13˚ tilt angle. 

• PV inverter: SMA Sunny Tri Power 15 kWp [SMA STP 15000TL-30] (Control, 

2017) 

• Battery inverter: 3x Sunny Island 8 kW (to form a 3 phase network) [SMA Sunny 

Island 8.0H] (Solar Technology, 2019) 

• Batteries: 3x BMZ ESS7 (7 kWh)(Ess, 2017) 
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Table 3 details the cost of the installed asset. 

 

Table 3: Malmesbury Farm - PV system cost 
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Figure 4 is an aerial photo taken from the North West of the barn. There are 60 panels 

on the main barn roof. The additional 5 panels on the smaller North roof are used for 

the workers cottage below.  

 

 

Figure 4: Malmesbury Farm barn PV 
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Figure 5 is an aerial image taken from the North. This was taken at 6:35pm in January. 

There is no shading on the system during daylight hours. There are 3 strings of 20 

panels on the roof. These 20 panels are all connected in series to increase the STC 

Vmp voltage to 616 V (30.8 x 20). The 15 kWp inverter has two MPPT’s, two of the 

panel strings are connected to MPPT A and one string to MPPT B. MPPT A’s STC Imp 

current will be 8.28 x 2 = 16.56 A, whereas MPPT B shall be only one string therefore 

STC Imp shall be 8.28 A. 

 

Figure 5: Malmesbury Farm aerial photo of the PV system 
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Figure 6 is an image of the STP15000-TL30 PV inverter. To the left of the inverter is 

the DC isolators (one per string). This PV inverter has type 1 and 2 surge protection 

built in internally. This inverter is a AC coupled inverter. This means the inverter uses 

the DC produced by the panels and converts it, by means of IGBT’s to an AC 

waveform. It subsequently makes use of a transformer to achive the required 400 V 

AC per phase.  

 

 

Figure 6: Malmesbury farm SMA Sunny Tri Power 15000TL-30 
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Figure 7 is an image of the three Sunny Island 8 kW inverters. These 3 inverters are 

connected in parallel with each other. Each inverter is connected to a separate phase 

and these phases are 120° apart, to form a 3 phase system. The battery inverters 

manage all the power to and from the farm and the PV inverter. They become the utility 

or grid when there is no municipal grid to connect to. 

 

Figure 7: Three Sunny Island Units 

 

 

4.5.2 SMA Sunny Design simulation for case study one  
 

Figure 8 to 16 is a simulation model from SMA Sunny Design, it only takes into account 

the electricity savings. It does not consider the reduction in service fee that Eskom 

charges. This model has indicated that the investment shall reach amortization in 13.9 

years. A 10% year or year electricity increase was used for the SMA Sunny Design 

simulation. A 1% of total asset cost annual maintenance fee has been applied. The 

initial cost of electricity was set at R1.33 per kWh. 
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Figure 8 is the first page of the Sunny Design report is a summary of the system, this summary 

details the grid voltage. South Africa has a nominal voltage of 400 V between the 3 phase and 

230 V between any phase and neutral (This, 2017). The PV system design data is a summary 

of the system performance after the size, orientation and quantity of panels has been inserted 

into the simulation software. 

 

Figure 8: Malmesbury Farm - Sunny Design - page 1 
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Figure 9 is a summary of the design. The PV system that has been selected along with the 

panels, battery inverter and batteries have been summarised. The calculated CO₂ reduction 

over the 20 year period is 549 tones with a total monetary saving of R525 332.00. A simulated 

image of the PV system on the barn roof is in the top left corner. 

 

Figure 9: Malmesbury Farm - Sunny Design - page 2 
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Figure 10 highlights the details of the PV inverter in relation to the location. The peak power 

is the amount of PV that shall be connected to the inverter. The dimensioning factor is the total 

amount of PV connected to the inverter compared to the total maximum active power. The full 

load hours are a calculation as to how much time in a year the inverter will be at max output. 

The PV design data in Figure 10 is indicating the voltages and currents of the strings of panels 

under STC conditions. The maximum and minimum voltage for this specific inverter indicates 

the range in which the MPPT will operate. 

 

Figure 10: Malmesbury Farm - Sunny Design - page 3 
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Figure 11 is a check page that confirms the design is suitable and safe. If there are 

recommendations these shall be displayed towards the end of the paragraph in Figure 11.  

 

Figure 11: Malmesbury Farm - Sunny Design - page 4 

 

 

 

 



 

35 
 

The graph in Figure 12 indicates the expected monthly production throughout the year. As the 

location of the site is in the Southern Hemisphere and receives winter rains the expected yield 

over the middle months is considerably lower than the expected production over the summer 

months. 

 

Figure 12: Malmesbury Farm - Sunny Design - page 5 
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The profitability analysis is possibly the most important page to investors and business owners 

this is shown in Figure 13. The electricity cost saved is a direct saving to the business once 

the investment and OPEX costs have been removed from this value the total savings can be 

deduced. The amortization period is a sum of the total investment value and the operating 

costs, minus the monthly electricity savings. The amortization value of 13.9 years is an 

indication of how many months it will take the savings to equal the costs. On the right side of 

Figure 13 is the lowest production or yield day, below this the average day and then below 

that the highest day of production. What this is indicating is that on the average or above 

average day the batteries will be fully charged by 12pm. 

 

Figure 13: Malmesbury Farm - Sunny Design - page 6 
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Figure 14 is the profitability analysis it is indicating all he financial figures and parameters that 

have been used to calculate payback periods and an amortization timeframe.  

 

Figure 14: Malmesbury Farm - Sunny Design - page 7 
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Figure 15 is specifically pertaining to the full project cost including all fixed monthly costs.  

 

Figure 15: Malmesbury Farm - Sunny Design - page 8 
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Figure 16 is displaying the roof layout of the panels. Towards the bottom left corner a North 

arrow is indicating the orientation. This site is in the Southern Hemisphere and therefore the 

desired orientation is North facing. 

 

Figure 16: Malmesbury Farm - Sunny Design - page 9 
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4.5.3 PV Syst. Simulation for case study one 
 

The calculation done by PV Syst is very similar to that of Sunny Design. This 

calculation has indicated that the payback period is 10.4 years. With PV Syst the actual 

loads are added for a more accurate calculation. Due to the pumping activities the farm 

uses 3 times more power in summer compared to winter. December 2907 kWh for the 

month, July 829 kWh for the month. All major loads such as lights, TV’s, PC’s, mobile 

devices, fridge, freezer, dishwasher, clothes washer, irrigation pumps and borehole 

pumps are added to the users’ needs list. This then forms part of the total load of the 

facility. This is the most accuracy way of establishing a load profile. 
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Figure 17 is the front page of the PV Syst simulation report. A summary of the system is given 

on this page. 

 

Figure 17: Malmesbury Farm - PV Syst. - page 1 
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Figure 18 begins with a project summay, this details the location of the site. The system 

summary highlights the main system criteria, such as the panel tilt angle, number of panels, 

total kWp, battery technology and size. 

 

Figure 18: Malmesbury Farm - PV Syst. - page 2 
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Figure 19 lists the general input parameters, important to note that the average consumption 

of the facility is 60 kWh per day. The PV arrat characteristics give a breakdown of the PV 

system design. There are 3 strings of 20 panels per string each, the panels are placed in 

series strings to increase the voltage, this resuces losses as the current remains the same. 

On the right hand side of the PV array characteristics is the battery information, this facility is 

using 3 batteries with a total stored energy of 18.2 kWh. In the PV Syst software, the exact 

model number of the inverters I not used as this software caters for all manufacturers. The 

array losses are then summarised, these are further details in Figure 22. 

 

Figure 19: Malmesbury Farm - PV Syst. - page 3 
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Figure 20 is the detail of the loads seen at the facility, these loads are predominantly during 

the sunlight hours. The majority of the power is used for pumping, there are two pressureising 

pumps that are used to irrigate fields. There is one large borehole pump that is used to pump 

water from the ground. Other than pumping activities the facility is very power efficient. 

 

Figure 20: Malmesbury Farm - PV Syst. - page 5 

 

 

 



 

45 
 

Figure 21 is a continuation from Figure 20. This is where we see the power variant from 29,264 

kWh per day in July to 80,264 kWh in Summer. 

 

Figure 21: Malmesbury Farm - PV Syst. - page 6 
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Figure 22 is the main results of the simulation. The available energy has been calculated to 

be 26 747 kWh/year where the used energy is 20 631 kWh/year. If this facility connected to 

the local utility and was permitted to feed power back into the network they would have been 

able to export 4 926 kWh per year and save Eskom an equivelant amount of ‘carbon’ 

emissions. The total investment amount has been input with a calculated running or operating 

cost of R4 638.11 per year. With this data the simulation has calculated that the amortisation 

or paback period to be 10.4 years. The Levelised Cost of Energy (LCOE) has been calcuated 

at R 0.22 per kWh over the project lifecycle.   

 

Figure 22: Malmesbury Farm - PV Syst. - page 7 
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Figure 23 is an indication of the losses within the system. All these loses are broken down on 

the righ hand side of the image.  

 

Figure 23: Malmesbury Farm - PV Syst. - page 8 
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Figure 24 is a table of the costs associated with the project.  

 

 

Figure 24: Malmesbury Farm - PV Syst. - page 9 
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4.5.4 Summary for case study one 
 

The Solar PV system was equipped with a power management and monitoring system. 

The monitoring system uses the Sunny Portal interface. All inverters and power meters 

communicate and upload their data to Sunny Portal. Sunny Portal then stores and 

displays this data in a graphical format. 

This data has been downloaded as a CSV file and tabulated accordingly.  

Table 4 to 5 is a tabulation of the data received from the CSV file, it indicates: 

• The Total Energy Produced (from 10/04/2016 to 30/07/2022): 151 868.75 kWh 

• When multiplied by the appropriate year electricity tariff the Total Electricity 

savings after 76 months is R243 758.52 

Table 5 to 6 is a tabulated version of the saving due to the installation of the Solar PV 

System. 

The system was installed in April 2016, but was only disconnected from the Eskom 

grid in June 2018 

Total Service fee saving after 49 months: R103 948.78 

Table 7 is the total savings as of end July 2022: R347 707.30 

Therefore 75% of the asset has been recouped over the 76-month period. 

Figure 25 is a graphical breakdown of the savings that have accumulated over the 76-

month period. 

Dark blue is indicating the electricity savings per month. Orange is indicating the 

availability charge savings per month. Light blue is the yearly combined savings. 

Figure 25 is clearly indicating that there is more solar PV production over the summer 

months. As this farm cultivates crops, a significant amount of energy is used for water 

reticulation and irrigation. The farm pumps water from a borehole into a holding tank. 

This water is then pumped onto the fields to irrigate the crops. The majority of this 

pumping takes place over the summer months.  

Sunny Design calculated a payback period of 13.9 years for the investment. PV Syst 

calculated a payback period of 10.4 years. Both had the same initial tariff, PV system 

and batteries. Only the consumption amounts differed due to the inability to add 

specific loads to Sunny Design.  
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It is evident that between the two software calculations there is a difference. This 

difference can be constituted to the use of power. The more power that is consumed 

during highly productive sunlight hours, the greater the reduction for the payback 

period.  

Figure 26 takes into account the exact monies recouped. With the actual production 

data, we can calculate the revised payback period. This is done by adding the previous 

12 months consumption and then dividing it by 12 to get an average monthly 

consumption. This average is then used for the next period until there is a tariff increase 

in the end of March. This increase is an average of the last 5 years. This average is = 

10.69%. With this data we are able to calculate the amortisation date. When only the 

energy data is taken considered the amortisation time is 10 years and 5 months, this 

is graphically represented in Figure 26. When the energy data and service fee 

reduction is taken considered the amortisation time is 7 years and 9 months, this is 

graphically represented in Figure 27. 
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Table 4: Malmesbury Farm - consumption data (2016 April to 2019 August) 
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Table 5: Malmesbury Farm - consumption data (2019 September to 2022 July) 
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Table 6: Malmesbury Farm - Eskom service charges (2016 April to 2019 June) 
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Table 7: Malmesbury Farm - Eskom service charges (2019 July to 2022 July) 
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Table 8: Malmesbury Farm - total monthly savings (2016 April to 2019 August) 
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Table 9: Malmesbury Farm - total monthly savings (2019 September to 2022 July) 

 



 

60 
 

4.6 Case Study Two – Malmesbury Smallholding 
 

In January 2018 a smallholding in Malmesbury was equipped with a complete off grid 

Solar PV system and a municipal Eskom connection that is used as a battery charger 

when the batteries are low. 

This case study equipment and materials were designed and installed at the 

experimental phase of the project. The cost for all the equipment and materials was 

paid for by the owner of Malmesbury Farm. 

 

4.6.1 Photovoltaic system details for case study two 
 

• Installation date: 1/01/2018 

• Total PV panels: 24x JKM270PP-60 = 6.48 kWp (‘JKM270PP-60-Datasheet.pdf’, 

2015) 

• Orientation – Northwest (10 ˚ West of North) at a 42˚ tilt angle. 

• PV inverter: SMA Sunny Boy 5 kWp [SB5.0-1AV-40] (Henry, 2016) 

• Battery inverter: 1x Sunny Island 8 kW [SMA Sunny Island 8.0H](Control, 2017) 

• Batteries: 2x Solar MD 3.7 kWh (7.4 kWh usable)(‘SS4074’, 2021)(Loggerv, no 

date) 

 

Table 10 details the cost of the installed asset when it was installed in January 2018.  
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Table 10: Malmesbury Smallholding - PV system cost 

 

 

Figure 28 is an aerial view of the installed PV system. The system has been installed 

on two roof faces, both facing the same direction and at the same tilt angle. These 

panels are installed on a 42° roof. This allows for optimum energy production in the 

winter months and allows for adequate self-cleaning from the falling rain. This self-

cleaning allows for any soiling that occurs on the panels to be removed without an 

abrasive brush. The PV inverter used has two independent MPPTs, this allows for the 

two strings of PV panels to be installed on different faces at different angles. With two 

independent MPPT’s the panels can face different directions and do not affect each 

other. Each of the 12 panels in the string are connected in series, this adds the voltage 

produced by the PV panels. In this situation, during STC the voltage at each panel 

Vmp = 31.7 VDC multiplied by 12 = 380.4 VDC. As all of this is in series, the Imp 

current remains at 8.52 amps.  

 

Model Description Unit Per Unit Total

SI8.0H Sunny Island 8kW 1 34 175,04R                      34 175,04R                      

SWDMSI-NR10 Speedwire 1 1 468,91R                         1 468,91R                         

SRC20 Sunny Remote Control 1 2 939,12R                         2 939,12R                         

HM BT-10 Home Manager 1 4 185,70R                         4 185,70R                         

SS4037 Solar MD 3,7kWh Wall Mount 2 19 873,48R                      39 746,96R                      

Logger Solar MD smart Logger 1 3 163,40R                         3 163,40R                         

SB5.0-1AV-40 SMA Sunny Boy 5kWp PV Inverter 1 18 139,90R                      18 139,90R                      

Electrical Accessories (Cable, CB's, Trunking, DB's etc) 1 5 234,68R                         5 234,68R                         

JKM270PP-60 270 Solar Module 24 1 485,00R                         35 640,00R                      

Lizard Aluminium Profile 4,2m 12 280,00R                            3 360,00R                         

Lizard End Clamp 30-50mm 16 21,98R                              351,68R                            

Lizard Centre Clamp 40 21,98R                              879,20R                            

Lizard Profile Joiner 8 39,90R                              319,20R                            

Lizard 10x200mm Hanger Bolt 40 62,86R                              2 514,40R                         

Total 152 118,19R                    

VAT 22 817,73R                      

Total incl. 174 935,92R                    
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Figure 28: Malmesbury Smallholding - plan view of PV system 
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Figure 29 is a photo of the 5 kWp PV inverter. This inverter has two independent 

MPPT’s. In the picture there are 3 DB boards installed closely to each other to the right 

of the inverter. The DB board closest to the PV inverter houses the DC isolator and the 

PV surge protection. This is an AC coupled grid tied inverter, it will therefore sync with 

the AC voltage and frequency. The power generated by the PV inverter will first be 

consumed by the loads within the house. Excess power, once the loads have been 

covered, will be transmitted back to the battery inverter (Sunny Island), where it will be 

rectified from 230 VAC to 48-55 V DC and stored in the battery for later use. 

 

Figure 29: Malmesbury Smallholding - 5kWp PV inverter 

 

 

Figure 30 (from left to right) is a photo of the main DB board for the Smallholding, the 

Sunny Island 8 kW battery inverter and the two 3.7 kWh Solar MD Lithium Ion battery 

packs. Below the battery on the right is the Solar MD logger, this device is used to 

communicate between the Lithium Ion batteries’ battery management system and the 

Sunny Island. When using Lithium Ion batteries the controller sets the charge current 

for the Sunny Island, whereas when using lead acid batteries the charge current is 

determined by the batteries voltage. 
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This logger communicates to the battery and the Sunny Island via CAN bus. Controller 

Area Network (CAN) bus is a high speed serial communication bus protocol (Corrigan, 

2002). 

In addition to being the link between the inverter and the batteries it uploads all its data 

to a cloud server. This data can be viewed anywhere in the world that has an internet 

connection. 

 

Figure 30: Malmesbury Smallholding - 8kW battery inverter, 2x 3.7kWh lithium batteries and distribution 
board 

 

4.6.2 SMA Sunny Design simulation for case study two 
 

Figure 31 to 39 is a simulation model from SMA Sunny Design and it only takes into 

account the electricity savings. It does not consider the reduction in service fee that 

Eskom charges. This model has indicated that the investment shall reach amortization 

in 14.1 years. A 10% year or year electricity increase was used for the SMA Sunny 

Design model. A 1% of total asset cost annual maintenance fee has been applied. The 

initial cost of electricity we set at R1.33 per kWh 
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Figure 31 is the first page of the Sunny Design report is a summary of the system, this 

summary details the grid voltage. South Africa has a nominal voltage of 400 V between the 3 

phase and 230 V between any phase and neutral (This, 2017). As this facility has smaller 

loads it only has a 230 volt single phase supply. The PV system design data is a summary of 

the system performance after the size, orientation and quantity of panels has been inserted 

into the simulation software.  

 

Figure 31: Malmesbury Smallholding – Sunny Design – page 1  
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Figure 32 is the PV system design data. This is a summary of the system performance after 

the size, orientation and quantity of panels has been input is a summary of the design. 

 

Figure 32: Malmesbury Smallholding – Sunny Design – page 2 
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Figure 33 is a summary of the design. The PV system that has been selected along with the 

panels, battery inverter and batteries have been summarised. The calculated CO₂ reduction 

over the 20 year period is 222 tones with a total monetary saving of R180 597.00. 

 

Figure 33: Malmesbury Smallholding – Sunny Design – page 3 
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Figure 33 highlights the details of the PV inverter in relation to the location. The peak power 

is the amount of PV that shall be connected to the inverter. Below this the total number of PV 

panels. The dimensioning factor is the total amount of PV connected to the inverter compared 

to the total maximum active power. The full load hours are a calculation as to how much time 

in a year the inverter will be at max output. The PV design data in Figure 34 is indicating the 

voltages and currents of the strings of panels under STC conditions. The maximum and 

minimum voltage for this specific inverter indicates the range in which the MPPT will operate. 

 

Figure 34: Malmesbury Smallholding – Sunny Design – page 4 
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Figure 35 is a check page that confirms the design is suitable and safe. If there are 

recommendations these shall be displayed towards the end of the paragraph in Figure 35. 

 

Figure 35: Malmesbury Smallholding – Sunny Design – page 5 
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The graph in Figure 36 indicates the expected monthly production throughout the year. As the 

location of the site is in the Southern Hemisphere and receives winter rains the expected yield 

over the middle months is considerably lower than the expected production over the summer 

months. 

 

Figure 36: Malmesbury Smallholding – Sunny Design – page 6 
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The profitability analysis is possibly the most important page to investors and business owners 

this is shown in Figure 37. The electricity cost saved is a direct saving to the business once 

the investment and OPEX costs have been removed from this value the total savings can be 

deduced. The amortization period is a sum of the total investment value and the operating 

costs, minus the month on month electricity savings. The amortization value of 14.1 years is 

an indication of how many months it will take the savings to equal the costs. On the right side 

of Figure 37 is the lowest production or yield day, below this the average day and then below 

that the highest day of production. What this is indicating is that on the average or above 

average day the batteries will be fully charged by 12pm. 

 

Figure 37: Malmesbury Smallholding – Sunny Design – page 7 
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Figure 38 is the profitability analysis; it is indicating all the financial figures and parameters 

that have been used to calculate payback periods and an amortization timeframe. 

 

Figure 38: Malmesbury Smallholding – Sunny Design – page 8 
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Figure 39 is specifically pertaining to the full project cost and fixed monthly costs. 

 

Figure 39: Malmesbury Smallholding – Sunny Design – page 9 
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4.6.3 PV Syst. simulation for case study two 
 

The calculation done by PV Syst, Figure 39 to 46, is very similar to that of Sunny 

Design. This calculation has indicated that the payback period will be 12.4 years.  

With PV Syst the actual loads are added for a more accurate calculation. The 

Malmesbury Smallholding does not conduct farming activities. As a result, the 

consumption throughout the year is consistent. 
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Figure 40 is the front page of the PV Syst simulation report. A summary of the system is given 

on this page. 

 

Figure 40: Malmesbury Smallholding - PV Syst. - page 1 
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Figure 41 begins with a project summary, this details the location of the site. The system 

summary highlights the main system criteria, such as the panel tilt angle, number of panels, 

total kWp, battery technology and size. 

 

Figure 41: Malmesbury Smallholding - PV Syst. - page 2 
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Figure 42 lists the general input parameters, important to note that the average consumption 

of the facility is 20.4 kWh per day. The PV array characteristics give a breakdown of the PV 

system design. There are 2 strings of 12 panels per string each, the panels are placed in 

series strings to increase the voltage, this reduces losses as the current remains the same. 

On the right-hand side of the PV array characteristics is the battery information, this facility is 

using 2 batteries with a total stored energy of 6.6 kWh. In the PV Syst software, the exact 

model number of the inverters is not used as this software caters for all manufacturers. The 

array losses are then summarised, these are further details in Figure 45. 

 

Figure 42: Malmesbury Smallholding - PV Syst. - page 3 
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Figure 43 is the detail of the loads seen at the facility; these loads are predominantly during 

the sunlight hours. The majority of the power is used for pump for livestock and heating of 

water. Other than pumping activities the facility is very power efficient. The daily consumption 

of the facility is 20.424 kWh. 

 

Figure 43: Malmesbury Smallholding - PV Syst. - page 4 
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Figure 44 is the main results of the simulation. The available energy has been calculated to 

be 11 662 kWh/year where the used energy is 7 211 kWh/year. If this facility connected to the 

local utility and was permitted to feed power back into the network they would have been able 

to export 3 923 kWh per year and save Eskom an equivelant amount of ‘carbon’ emissions. 

The total investment amount has been input with a calculated running or operating cost of 

R1 749.36 per year. With this data the simulation has calculated that the amortisation or 

paback period to be 12.4 years. The Levelised Cost of Energy (LCOE) has been calcuated at 

R 0.24 per kWh over the project lifecycle. 

 

Figure 44: Malmesbury Smallholding - PV Syst. - page 5 
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Figure 45 is an indication of the losses within the system. All these loses are broken down on 

the righ hand side of the image. 

 

Figure 45: Malmesbury Smallholding - PV Syst. - page 6 
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Figure 46 is a table of the costs associated with the project. 

 

Figure 46: Malmesbury Smallholding - PV Syst. - page 7 
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4.6.4 Summary  for case study two 
 

The Solar PV system was equipped with a power management and monitoring system. 

The monitoring system uses the Sunny Portal interface. All inverters and power meters 

communicate and upload their data to Sunny Portal. Sunny Portal then stores and 

displays this data in a graphical format. 

This data has been downloaded as a CSV file and tabulated accordingly  

Table 11 and 12 is a tabulation of the data received from the CSV file, it indicates: 

• The Total Energy Produced (from 01/01/2018 to 30/07/2022): 29 157.27 kWh 

• When multiplied by the appropriate year electricity tariff the Total Electricity 

savings after 55 months is:  R60 361.21 

Table 13 and 14 is a tabulated version of the total saving due to the installation of the 

Solar PV System. 

The system was installed in January 2018. Therefore 35% of the asset has been 

recouped over a 55-month period. Figure 47 is a graphical breakdown of the savings 

that have accumulated over the 55-month period. Dark blue is indicating the electricity 

savings per month. Light blue is the yearly combined savings. 

Figure 47 is showing that throughout the year the energy consumption is consistent. 

This smallholding does not farm crops. The energy consumed is mostly to heat water 

in the geyser and to pump water for domestic and livestock use. 

With the actual production date, we can calculate the revised payback period. This is 

done by adding the previous 12 months consumption and then dividing it by 12 to get 

an average monthly consumption. This average is then used for the next period until 

there is a tariff increase in the end of March. This increase is an average of the last 5 

years. This average is = 10.69% (Table 11 and 12). With this data we can calculate 

the amortisation date, this is graphically represented in Figure 48. This has been 

calculated to be within the 9th year, spec 

ifically 9 years and 9 months.  
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Table 11: Malmesbury Smallholding - consumption data (2018 January to 2021 February) 
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Table 12: Malmesbury Smallholding - consumption data (2021 March to 2022 July) 

 



 

87 
 

Table 13: Malmesbury Smallholding – total monthly savings (2018 January to 2021 May) 
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Table 14: Malmesbury Smallholding – total monthly savings (2021 June to 2022 July) 
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4.7 Comparison between case study one and two  
 

Malmesbury Farm (case one) and Malmesbury Smallholding (case two) are excelling 

in their energy production as seen in Table 15. In both case studies the actual energy 

production is above or inline with the average simulation. In the case of Malmesbury 

Farm when including the service fee to the ROI calculation the amortisation period 

reduces to 7 years and 9 months. 

 

Table 15: Months to reach investment amortisation 

 

 

Sunny Design seems to be the most conservative simulation, a consideration for this 

is that the loads of the facilities are not well defined. The software has a limited quantity 

of load profiles that the user has to select, this load profile is not optimised to a specific 

site. The only adjustment that can be made is the total yearly consumption, this raises 

or lowers the profile values accordingly. The user cannot however add specific loads 

like that of PV Syst. PV Syst on the other hand does have the ability to add specific 

loads, the user can add specific items to specific days. Both software’s make use of 

the same meteorological and solar radiation data, the only delimiting factor is that of 

the consumption data.  

Table 16 is a summary of the past 12 months energy consumption of the facilities. 

Without PV Malmesbury Farm and Malmesbury Smallholding would have consumed 

22 050.86 kWh and 8 486.43 kWh respectively. This consumption would have resulted 

in a 22.93 tCO₂e and 8.83 tCO₂e respectively of emissions over the past year. Due to 

the installation of the PV system these two facilities have reduced their emissions by 

100% and 74.43% respectively. This is a considerable reduction over this short period. 
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Malmesbury Farm has reduced their emissions by 22.93 tCO₂e whereas Malmesbury 

Smallholding has reduced theirs by 6.57 tCO₂e.  

 

Table 16: Power and emissions reduction due to the installation of PV system over the past 12 months 

 

    

These case studies show that the installation of PV systems have both a favourable 

return on investment and considerably reduce the emissions of a facility.  
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CHAPTER FIVE: 

CONCLUSION AND RECOMMENDATION  

 

5.1 Conclusion 
 

South Africa is in an energy crisis. The state utilities’ (Eskom) infrastructure is outdated, 

not maintained, and has insufficient capacity. This is clearly indicated by the 

loadshedding that began in South Africa in 2007 (Chettiar, Lakmeeharan & Koch, 

2009). Each successive year it has worsened as the infrastructure grows older and 

deteriorates even further, aging infrastructure comes terrible inefficiencies. This results 

in a waste of resources and over consumption of fossil fuel to produce electricity 

throughout the country. This clear identifier is the emissions factor of 1036 grams of 

CO₂e per kWh produced, which in 2019 was one of the worst in the world, when 

compared to all European countries South Africa is the worst. In addition, in 2020 South 

Africa had the worst per capita emissions rate on the African continent. This is not 

something to be proud of.  

Eskom have however since 2020 been reducing their CO₂e emissions. When we 

compare the Eskom GHG emissions for the months of April, May, June and July in 

2021 to that of 2022 there has been an average GHG emissions decrease of 10.22%. 

This is exceptional given the circumstance. 

Loadshedding is another critical identifier of how the state-owned Eskom is in trouble. 

There is however a positive aspect to loadshedding as more homeowners, businesses 

and facilities are looking into alternative options for electricity supply. In this research, 

the option and feasibility to reduce Scope 2 emissions has been evaluated in two case 

studies: Malmesbury Farm and Malmesbury Smallholding. It gives a positive ROI for 

the asset over a 10-year period. The actual ROI for these two sites is approximately 

10,5 and 9,8 years respectively. Both sites are performing better than initially 

calculated from the PV Syst and Sunny Design software. This is a positive for potential 

investors to witness and have confidence in the technology. In addition to the 

favourable ROI, these sites shall reduce their Scope 2 emissions by 549 tCO₂e and 

222 tCO₂e respectively over a 20-year period according to Sunny Design. They shall 

not be able to reduce their Scope 2 emissions below 0 as the Malmesbury Farm is not 

connected to the grid and the Malmesbury Smallholding does not have permission 

from the utility to export power. In both case studies a positive result has been 

achieved. Both facilities have considerably reduced their Scope 2 emissions. The 
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Malmesbury Farm has reduced their Scope 2 emissions by 100%, where they have 

consumed 0 kWh from Eskom over the last year. The Malmesbury Smallholding has 

reduced their Scope 2 emissions by 74.43%, where over the past 12 months their 

Scope 2 emissions have amounted to only 2.26 tCO₂e compared to 8.83 tCO₂e if no 

PV system was installed. This research proves that the installation of PV can 

considerably reduce a facilities carbon footprint and have a positive financial return on 

the investment. 

The method followed in this study has proven to be beneficial to the two sites, namely 

Malmesbury Farm and Malmesbury Smallholding. The variables from site to site as 

well as the changes over time are not predictable or consistent. All Engineering designs 

should attempt to cater for flexibility and expansion. 

 

5.2 Recommendations 
 

The research and investigation for this study has been conducted over a 6-year period, 

throughout this period there have been many improvements to technologies as well as 

techniques and methods. Different needs and objectives have matured over this time. 

Many of these needs have been brought into the forefront due to the ever worsening 

loadshedding in South Africa. Below are recommendations for possible further studies: 

  

• Revise the ROI calculations in 2026 once Malmesbury Farm reaches its expected 

ROI. 

• This study has been limited to 2 case studies of varying size and complexity. It 

would add value to do an evaluation with a greater number of sites with different 

inverters and different installations / connection types.  

• Include time and production loss due to South African loadshedding in the ROI 

calculation. 

• High Voltage batteries have only reached market maturity in 2022. It would be very 

interesting to evaluate the losses between the currently low voltage batteries with 

these high voltage +400 V batteries. 

• The trading of carbon credits. Further investigation as to how this can be managed 

and evaluated to ensure transparency is recommended. In addition, it can open 

up funding for developing countries that do have the space and the climate that is 

suitable for these renewable energy generators. 
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• Carbon Tax in South Africa is to be formalised in October 2022. An assessment 

of this process and how it aids in the reducing of GHG emissions of facilities would 

add value to future studies.   

• Establishment of possible forest rehabilitation and increased oxygen levels when 

Carbon Neutral positively effects the environment and reduces global warming.  

• Review Eskom’s GHG emission status in 2030 after all the commitments are 

supposed to have materialised.   
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Appendix A: Single Line Diagram of 3 Phase SMA Off-grid  

 

 


