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Abstract  

 

This feasibility study aims to assess the viability of supporting the establishment and 

maintenance of a carbon farm, utilising the 'Reforestation by Environmental or Mallee 

Plantings' carbon sequestration method, via off-grid electrical infrastructure. The study 

evaluates the energy consumption needs of the farm, considering federal and state regulations 

and drawing insights from a survey of a proposed project site located in South Australia. Its 

objectives include developing a plan for site transformation as the carbon sink forest matures, 

evaluating hardware needs, producing a mature detail design of a security, livestock/pest, and 

fire monitoring subsystem, proposing a whole of farm concept before analysing both designs 

for off-grid feasibility via a cost comparison and potential payback period. 

 

Through research into legislative requirements, conduct of the topographic, climatic and 

physical site survey, and hardware assessments, this study constructs a plan for an off-grid 

carbon farm. The study's results confirm the feasibility of off-grid electrical infrastructure for 

the base station of a security and fire monitoring subsystem, documenting the feasibility of 

potential expansion opportunities before grid connection cost parity. Furthermore, the study 

confirms the viability of off-grid electrical infrastructure for the overall farm design, 

encompassing a residence/office and water transfer stations within a South Australian project.  

Importantly, it takes into careful consideration the distance-from-point-of-service factor, a 

crucial determinant of off-grid feasibility. Specifically, it highlights the consideration of payback 

period when determining off-grid feasibility for potential grid connected consumers, who incur 

lower initial setup cost when located within 100 metres of the point of service. 

 

The research also highlights the need for careful consideration of off-grid feasibility for lower-

demand consumers near the connection point where a distance-based decision-making 

framework is proposed for grid versus off-grid implementation. This framework streamlines 

decision-making for equipment located beyond a 100-metre radius from the connection point, 

gaining efficiency through the design process. 

 

In summary, this study offers valuable insights into the systems and designs necessary for 

carbon farms in South Australia. It deepens the understanding of the feasibility of off-grid 

electrical infrastructure for various consumer loads, especially those situated beyond the 100-

metre viability threshold. Furthermore, it lays the groundwork for further research into broader 

geographical feasibility and the strategic utilisation of smart farm technology in the context of 

the envisioned connected carbon farm. 
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Chapter 1: Introduction 
 

1.1. Background 

 

Climate change, in its various guises, is not a novel issue, it is far from a recent concern. In 

fact, it was back in 2007 when Kevin Rudd's opposition government, in recognition of 

Australia's vulnerabilities and potential, who took the initiative to address this pressing issue. 

With the backing of the states, they established the Garnaut Review to thoroughly examine 

the impacts of climate change on the Australian economy (Garnaut 2008). As seen in Figure 

1, the report highlights the agriculture, forestry, and fishing sector as the largest emitter in 

Australia. On a per capita basis, Australia's emissions in this sector exceed the OECD average 

by more than four times, placing it as the third highest emitter within the OECD. To address 

this issue, the report introduces the concept of 'biosequestration' as a promising and cost-

effective method for landowners to diversify their income while employing sustainable farming 

practices (Garnaut 2008). 

 

 
Figure 1: Emissions attributable to Australian industry by sector, 2006 (Garnaut 2008) 

 

One notable aspect emphasised in the report is Australia's favourable position in terms of 

biosequestration. This is due to the abundance of available land and the country's forested 

areas, which are 20 times higher than the OECD average (refer to Figure 2) (Garnaut 2008). 

These factors provide Australia with a significant capacity for carbon credit production, 

estimated at 12 tonnes per hectare per year. Considering the current approximate spot price 

of Australian Carbon Credit Units (ACCUs) at $55.95 (Moore 2023), landowners engaging in 

biosequestration practices have the potential to earn around $671 per hectare per year. This 

economic value adds further incentive for existing and prospective landowners to explore and 

implement biosequestration methods, contributing to both emission reduction efforts and 

financial sustainability. 



 U1087304  

 Introduction 2 

 
Figure 2: Per capita area of forested and wooded land, 2005 (Garnaut 2008) 

 

In 2011, the Australian government enacted the Carbon Credits (Carbon Farming Initiative) 

Act, which outlined four specific activities related to deforestation avoidance and reforestation 

(Mitchell et al. 2012). Subsequently, regulations and rules were put in place to allow the 

registration of the first two projects in Queensland and Victoria, utilising a carbon capture 

vegetation methodology, in December of that year. The potential of these initiatives has rapidly 

gained momentum among both companies and landowners. According to the Emissions 

Reduction Fund Register (2023), 66 vegetation-based projects have been registered this year 

alone. Furthermore, across all Australian States and Territories, there are currently 859 

registered vegetation projects, primarily concentrated in rural and remote areas, as seen in 

Figure 3 below. These vegetation projects constitute a substantial 56% of all projects 

registered, encompassing various methodologies (Emissions Reduction Fund Register  2023). 

This indicates a growing interest and participation in leveraging these opportunities for carbon 

farming and emission reduction efforts. 

 

 
Figure 3: ERF project map, filtered for vegetation methodology only  
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Given Australia's extensive geography and the high probability of prospective biosequestration 

projects being situated in rural or remote areas, a critical aspect to consider when establishing 

a carbon farm is the necessary electrical infrastructure. This infrastructure plays a crucial role 

in supporting the management, maintenance, and protection of the carbon capture assets. 

One challenge in setting up a new rural business, that necessitates electrical infrastructure, is 

the accessibility and cost involved in connecting to the mains electricity grid. The remote 

nature of rural areas presents inherent challenges when it comes to accessing grid electricity. 

Extending power lines to these locations can incur substantial expenses, as indicated by the 

Price = Labour + Contractor Services + Materials + Margin formula and the accompanying fee 

and rate schedule outlined in the SA Power Networks Connections & Ancillary Network 

Services 2022/23 Manual No. 18 (2022). These cost factors, encompass the expenses related 

to labour, contractor services, materials, and profit margin. Considering the potential 

challenges involved, exploring alternative solutions for new rural infrastructure is a worthwhile 

undertaking. In this regard, McKenzie and Howes (2006) propose off-grid renewable energy 

systems as a practical and viable option, particularly in areas where access to the conventional 

electricity grid is unavailable. These systems provide a sustainable and self-sufficient 

approach to meeting the energy needs of rural areas, offering an effective solution to overcome 

the access and financial challenges of grid connection. 

 

This feasibility study focuses on a specific section of land encompassing approximately 53 

hectares, located in the suburb of Rockleigh, South Australia. The land, as depicted in Figure 

4 below, has a previously been used for recreation and grazing, historically the land was 

cleared of the majority of trees, bushes, and shrubs to accommodate these activities. The 

property is divided by a quick-draining creek that maintains a nominal amount of fresh water 

throughout the year. Three structures are present on the site, with the machinery shed and 

small shack being the only functional ones. Water storage is available through two tanks, with 

a combined capacity of approximately 31,500L, capturing water from the main structures. 

However, there is no water distribution system in place for irrigation or sewage storage and 

processing. While mains electricity supplied by SA Power Networks is accessible at the 

northwest corner, just outside of the property line, it is approximately 450m away from the 

shack. On-site, the only available source of electricity is a transportable generator. Aside from 

the boundary fences, there is currently no security system or means through which to remotely 

monitor the site for invasive/destructive actors. The proposed plan for the carbon sequestration 

forest involves dividing the land into two plots, each spanning approximately 24 hectares. 

These plots will be positioned on either side of the creek, maximising the use of suitable land 

for the intended purpose. 
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Figure 4: Rockleigh carbon farming project site map (Source: Google Earth) 

 

 

1.2. Aim 

 

The aim of this feasibility study is to evaluate the feasibility of establishing and sustaining a 

carbon farm using the 'Reforestation by Environmental or Mallee Plantings' carbon 

sequestration methodology, with a specific focus on implementing suitable off-grid electrical 

infrastructure. The study will assess the energy consumption requirements of the farm, taking 

into account federal and state legislation and drawing insights from exemplary carbon farms. 

It aims to achieve carbon neutrality, promote sustainability, and identify the key technical 

factors that would contribute to the success of such a business. 
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1.3. Objectives 

 

The primary objective of this feasibility study is to determine the potential success and viability 

of a carbon farm that utilises off the grid electrical infrastructure. The study will assess technical 

and economic feasibility of implementing such a system, whilst also identifying potential 

challenges and risks associated with the project. Ultimately, this study aims to provide a clear 

understanding of the viability of this approach to carbon farming and inform future decisions 

concerning similar projects. The detailed objectives that address the project aim are as follows: 

 

1. Conduct initial research into the federal and state legislative requirements, codes of 

conduct and taxation guidelines in order to determine mandatory requirements, best 

practice and cost reconciliation of carbon farming supporting electrical infrastructure.  

2. Conduct a site survey of the proposed carbon sink forest in order to determine the 

topography and natural resources that will inform the requirement for electrical 

supporting infrastructure.  

3. Construct a future plan for the site, providing a view of how the topography (buildings 

and landscape) will change as the carbon sink forest reaches maturity.  

4. Assess hardware requirements as derived from objectives 1-3. 

5. Select commercially available hardware as a catalogue to inform carbon farm design.  

6. Propose a system of off grid electrical infrastructure design concept that supports the 

proposed carbon farm.  

7. Propose a security, livestock/pest and fire monitoring subsystem in accordance with 

the derived design constraints. 

 

If time and resources allow, this project will strive to achieve a stretch target of successfully 

constructing and testing the proposed security, livestock/pest, and fire monitoring subsystem. 

 

 

1.4. Motivation and Justification 

 

The effects of climate change and the impact on our environment has become a globally 

prioritised concern. Australia, most notably, has been identified as one of the country’s most 

at risk due to its increasing susceptibility to extreme weather events and vulnerability to 

droughts and bushfires (Head et al. 2014). In this context, the need for sustainable solutions 

that can mitigate the effects of climate change is never more important. One solution coming 

to the fore is the establishment of carbon farms, which aim to sequester carbon from the 

atmosphere by utilising a variety of sequestration methods as defined by the Clean Energy 
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Regulator (Evans 2018). However, due to the relative infancy of the industry, the viability of 

establishing new carbon farms with off-grid electrical infrastructure in Australia remains 

unclear, which calls for a feasibility study to evaluate the potential of this approach. There are 

several reasons why a feasibility study on supporting a carbon farm in Australia with off-grid 

electrical infrastructure is justified. Firstly, the Australian government has set ambitious targets 

to reduce greenhouse gas emissions, which requires the adoption of sustainable practices 

such as carbon farming (Albanese & Bowen 2022). However, due to the remote location of 

potential carbon farms, there is a lack of grid connected electrical infrastructure to support 

carbon farming. Therefore, the feasibility of off-grid electrical infrastructure to support carbon 

farming needs to be evaluated. 

 

Secondly, the establishment of a carbon farm requires a significant investment, and the cost 

of electricity can be a significant component of the overall cost. Additionally, as net zero 

requirements are applied to businesses the use of off-grid electrical infrastructure, may reduce 

costs, mitigate need for operational offsets and increase the viability of carbon farming. 

However, it is necessary to assess the feasibility of off-grid electrical infrastructure, including 

the costs, technical feasibility, and potential benefits. 

 

Finally, this study can provide valuable insights into the potential benefits and challenges of 

an off-grid design approach. It will assist in identifying potential barriers to implementation, 

including regulatory and policy issues, and provide recommendations to overcome them. 

Additionally, it can help evaluate the potential environmental, social, and economic benefits of 

carbon farming, such as reducing greenhouse gas emissions, increasing biodiversity, and 

creating employment opportunities in regional areas (Kragt et al. 2016). 

 

 

1.5. Consequential Effects 

 

The conduct of this feasibility study will yield several consequential effects. Firstly, it involves 

assessing the viability of implementing off-grid electrical infrastructure, considering factors 

such as site conditions and infrastructure costs, to determine its economic feasibility. One 

important outcome of implementing off-grid installations is achieving independence from 

reliance on the conventional electricity grid. By transitioning away from traditional fossil fuel 

generators and embracing on-site renewable energy sources, businesses can significantly 

reduce greenhouse gas emissions, aligning with sustainability goals. Relying on renewable 

energy sources also enhances resilience to natural disasters, as highlighted in the article by 

Pagliaro (2019). During grid failures, the off-grid electrical infrastructure continues to operate, 
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ensuring uninterrupted power supply and supporting critical equipment, including those used 

by emergency services. Throughout the study, cost analysis will be conducted to assess the 

financial viability of off-grid technology in comparison to grid connection and ongoing costs 

within the context of the proposed carbon farm. Additionally, the feasibility study may uncover 

innovative methods for integrating renewable energy technologies specifically tailored for 

carbon farming operations. 

 

In summary, the consequential effects of conducting this feasibility study encompass 

evaluating economic viability, reducing greenhouse gas emissions, enhancing resilience to 

natural disasters, analysing cost-effectiveness, and potentially identifying innovative 

approaches to implementing renewable energy technologies within the context of a carbon 

farm. 
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Chapter 2: Literature Review 
 

This literature review aims to provide an understanding of the current state of knowledge 

regarding off-grid electrical infrastructure, with a specific focus on its feasibility and applicability 

to support carbon farming initiatives. To accomplish this objective, an examination of relevant 

academic research articles, industry reports, and policy documents has been undertaken. The 

review will explore various off-grid design drivers including legislation and taxation policy, 

investigate various off-grid technologies and design principles, whilst also identifying the 

relatively new technologies that constitute ‘smart farming’ for future research.  

 

The findings from this literature review inform the methodology and results of the feasibility 

study, enabling an informed assessment of the potential for off-grid electrical infrastructure in 

supporting carbon farming initiatives. It is anticipated that the outcomes of this literature review 

will provide valuable guidance to future carbon farming business owners who might be 

considering the implementation of off-grid electrical infrastructure to support their venture. In 

aspiration, this research aims to support Australia’s broader sustainability objectives towards 

a low-carbon future.  
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2.1. Review of the Requirements for Carbon Farming in Australia 

 

Carbon farming in Australia is established under a legislative framework that is regulated by 

the Clean Energy Regulator under the Emissions Reduction Fund and allows landholders, 

communities and businesses to undertake projects that capture and store carbon, operating 

under the Carbon Credits (Carbon Farming Initiative) Act 2011 and the Carbon Credits 

(Carbon Farming Initiative) Rule 2015. Such participants can engage in these activities in order 

earn Australian carbon credit units (ACCUs). Each ACCU represents one tonne of carbon 

dioxide equivalent (tCO2-e) emissions stored by a project. ACCUs can be sold to generate 

income, either to the Australian Government through a carbon abatement contract, or to 

private buyers in the secondary market (About the Emissions Reduction Fund  2023). 

 

 

2.1.1. Carbon Farming Legislation Design Drivers 

 

In 2014, the Australian government introduced legislation known as the Reforestation by 

Environmental or Mallee Plantings—FullCAM methodology. This legislation serves as a 

framework for generating Australian Carbon Credit Units (ACCUs) by measuring carbon 

sequestration through the establishment of mallee plantings or mixed species environmental 

plantings. The Carbon Credits (Carbon Farming Initiative) (Reforestation by Environmental or 

Mallee Plantings—FullCAM) Methodology Determination 2014 2018) provides the specific 

requirements and guidelines for compliance with this methodology. While this study does not 

cover all the requirements outlined in the legislation, it is important to note certain notable 

requirements. These include regulations concerning plot arrangements and activities that are 

excluded from qualifying for carbon credits in order to understand the types and scale of 

supporting off-grid electrical infrastructure. The divisions of interest are summarised as 

follows: 

 

Division 3.4 presents requirements pertaining to a variety of planting geometry and spacing 

methods however, for the purpose of this study mixed-species environmental planting 

methods are considered in detail. This method is split into two subsections that describe both 

narrow and wide linear plantings. For narrow linear plantings, the distance between the 

outermost trees or shrubs on either side must be less than or equal to 20 metres. The distance 

between the outermost trees or shrubs at the edge of the planting must be at least 40 metres 

from other plantings in the area. Material competition from adjacent trees should not affect the 

planting. For wide linear plantings, the distance between the outermost trees or shrubs must 

be greater than 20 metres and less than 40 metres. The other requirements for wide linear 
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plantings are the same as for narrow linear plantings. This set of requirements denote the 

accessibility between linear planting plots and will be utilised to determine possible service 

routes including electricity and water. 

 

Division 3.8 outlines the activities that are restricted on a carbon farm including; harvesting, 

grazing, thinning, and the use of lime or fertiliser in a carbon estimation area. Biomass cannot 

be removed from the area unless used in accordance with specific controls including; up to 

10% of fallen timber can be removed for personal use. Other permitted removals include 

thinning for ecological purposes, debris removal for fire management, harvesting of fruits, nuts, 

seeds, or materials for non-commercial use, and harvesting in accordance with traditional 

indigenous practices or native title rights.  

 

Grazing is allowed but must not impact forest cover, and evidence may be requested to 

demonstrate compliance. Thinning, the practice of removing select trees for ecological 

purposes and the use of lime or fertiliser should be selected depending on the desired FullCAM 

calibration method (specific or generic). 

 

Division 4.14 of the regulations outlines the calculation method for determining project 

emissions, which is crucial in assessing the total carbon dioxide net abatement amount. This 

calculation plays a vital role in determining the quantity of carbon credits to be issued. By 

minimising the project's emissions throughout the carbon farming activities, the potential for 

issuing a greater number of carbon credits is maximised. This aligns with sustainability goals 

and serves as a driving factor in designing off grid electrical infrastructure, noting that the 

selection of electrified equipment may be a preferred option for many businesses who aim to 

minimise emissions and maximise the positive environmental impact. 

 

Division 5.2 outlines the monitoring requirements for a project. The project manager is 

responsible for monitoring the project to ensure compliance with the legislative requirements. 

If the FullCAM specific calibration has been used, information must be collected to 

demonstrate compliance with the calibration requirements. The manager must also identify 

and record management events and disturbance events within each project area. On-ground 

observation and/or remote-sensing imagery can be used to meet these requirements and 

collect information for specific calibration compliance. 
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2.1.2. Carbon Farming Taxation Design Drivers 

 

An objective of this feasibility study is to develop an understanding of the economic aspects 

related to establishing an off-grid carbon farm. In addition to conducting a cost comparison 

between on-grid and off-grid solutions, it is important to consider tax regulations and develop 

a tax strategy that can provide significant benefits to the business (Collardin & Vogele 2002).  

The Australian Taxation Office (ATO) has implemented a taxation policy that specifically 

addresses deductions related to "carbon sink forest expenses." This policy allows the business 

to claim the full capital expenditure associated with establishing the carbon sink forest across 

14 years. These expenses are numerous however, the most relevant to this study are listed 

as: 

 

 raising tree seedlings in pots and potting mixtures 

 grafting trees and germinating seedlings 

 allowing seeds to germinate (whether by broadcasting, deliberate regeneration or 

planting seeds directly) 

 preparing the area for planting (for example, ploughing, scarifying, contouring, top 

dressing, fertilising, weed spraying, stone removal and top soil enhancement) 

 planting the trees or seeds 

 surveying the planted area. 

(Claiming a deduction for carbon sink forest expenses  2019) 

 

An additional scheme, currently offered by the ATO is the “GST and the Small-scale 

Renewable Energy Scheme” which enables the business owner to claim a GST credit when 

purchasing and installing a system for their business. The credit is based on the price of the 

installation before any discounts, minus personal use. Business owners who install renewable 

energy systems also have the opportunity to generate STCs, which serve as a form of 

renewable energy currency. These STCs can be assigned to a third party in exchange for a 

delayed cash payment or an up-front discount on the system purchase. This provides business 

owners with the flexibility to monetise the value of their STCs and leverage them as a financial 

benefit for their business. GST is applicable on the sale or assignment of STCs if the installed 

system is used for the business, and the GST amount is determined by the sale or the delayed 

cash payment/discount (GST and the Small-scale Renewable Energy Scheme  2020). 
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2.2. Off Grid Technologies 

 

2.2.1. Solar Cells and Arrays 

 

Solar PV arrays are the predominant form of renewable energy in Australia, accounting for 

12% of total electricity generation in 2021 (Renewables  2023). Australia enjoys a significant 

advantage in terms of solar radiation, boasting the highest average solar radiation per square 

metre of land among all continents. Recognising this opportunity, successive governments 

have provided incentives and subsidies to encourage investment in solar energy (Bahadori & 

Nwaoha 2013). These policies have played a crucial role in the widespread adoption of solar 

PV systems across the country. 

 

PV arrays generate electricity by utilising the phenomenon of charge carrier separation from a 

photon-absorbing material, which converts solar irradiation into electrical energy. Among the 

various types of solar cells available, the most commonly used are the mono and multi 

crystalline cells. These cells are manufactured from metallurgical grade silicon, which 

undergoes a processing and casting process to form multicrystalline ingots. These ingots are 

then sliced into thin wafers, which are subsequently incorporated into the solar cells as seen 

in Figure 5 below (Bagher et al. 2015; Sato 2015, p. 44). 

 

 

Figure 5: Typical multicrystalline silicon solar cell (Sato 2015, p. 44) 
 

PV solar arrays consist of several components tailored to specific use cases, an example of 

which can be found in Figure 6 below. They function by harnessing the energy generated by 

a set of solar cells and storing it or converting it for practical purposes. In many cases, the 

generated energy is stored in batteries through a charging process, enabling its use during 

periods of low or no sunlight. Alternatively, the direct current (DC) electricity produced by the 

solar cells can be converted into alternating current (AC) electricity through an inverter, 

allowing for immediate use or export to the mains grid (Sato 2015, p. 44). 
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Figure 6: Block diagram of a solar array system (Sato 2015, p. 44) 

 

For the purpose of this feasibility study and subsequent analysis and design, Victron Energy, 

a leading manufacturer in the industry, serves as an example. Known for offering both mono 

and multi-crystalline panels, Victron Energy are well renowned off-grid technology 

manufacturer. Their product range includes various panel sizes and performance 

characteristics, making them a suitable reference for assessing the feasibility and performance 

of solar arrays (Svarc 2023). The datasheets for the selected solar cells can be found in 

Appendix F. 

 

 

2.2.2. Wind Turbines 

 

Second to solar generation, wind-based generators account for 10% of Australia’s total 

electricity generation and have been employed, at an industrial scale globally, since the 1970s. 

Wind turbines are the central component of wind-based machines, converting the wind's 

kinetic energy into mechanical energy, which is then transformed into electrical energy. The 

energy generated by wind turbines is dependent on the wind speed, with higher speeds 

resulting in increased available wind power (Sato 2015, p. 52). Small wind turbines, defined 

as those generating 100 kW or less, are commonly deployed in situations where grid 

connection is not available and in conjunction with a battery storage system. These compact 

turbines offer an alternative power source for off-grid locations or areas with unreliable grid 

access. Unlike utility-grade turbines, small turbines are available in vertical axis configurations 

as well, catering to specific application needs (Breeze 2016). 

 

The inclusion of wind turbines in off-grid systems requires careful consideration alongside 

optimisation, as highlighted by Guerello et al. (2020) in their research on hybrid off-grid 

systems incorporating solar, wind, wood, and diesel as energy inputs. Each system instance 

necessitates specific optimisation measures in order to achieve the desired benefits such as 
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resilience (Pagliaro 2019). It is important to note that wind energy, in terms of per kilowatt cost, 

was found to be approximately twice as expensive as solar energy. Therefore, the specific 

requirements and potential benefits of integrating wind as an energy source should be clearly 

defined and evaluated within the context of the off-grid system. This ensures that the use of 

wind turbines is optimised and economically viable for the given energy needs and objectives. 

 

 

2.2.3. Converters 

 

Converters play a crucial role in off-grid systems as they enable the conversion of renewable 

electricity into a format compatible with the required appliances. In the context of off-grid 

systems, the term "converter" encompasses the conversion of DC to DC (up or down) and the 

inversion of DC to AC. DC to DC downward conversion is employed to ensure a suitable 

voltage for charging storage batteries, ensuring efficient energy storage (Labouret et al. 2010, 

pp. 209-10). On the other hand, DC to AC inverters are utilised in off-grid systems to power 

regular household appliances, without the capability for exporting excess electricity, as seen 

in grid-connected systems (Labouret et al. 2010, p. 211). Converters are available in a large 

variety of sizes and specification, depending on the use case. Considering the types of 

application relating to this feasibility study, both small (up to 3kW inversion and 40A charge) 

and large (above 3kW inversion and 40A charge) should be considered in design. 

 

 

2.2.4. Storage Batteries 

 

Renewable energy storage batteries are essential components of off-grid systems. They 

capture surplus electricity generated by solar and wind sources and provide backup power 

during periods of low generation. Li-ion batteries are increasingly preferred over traditional 

lead-acid batteries for solar systems due to their significantly longer lifespan. While lead-acid 

batteries typically last for 300-500 cycles, Li-ion batteries can endure up to 2000 cycles (Diouf 

& Avis 2019). However, cost plays a significant role in determining the most appropriate battery 

chemistry. Li-ion batteries can be four times more expensive than lead-acid batteries, so 

factors such as immediate budget availability, specific use case requirements, and 

environmental considerations must be taken into account (Diouf & Avis 2019). It's worth noting 

that despite their higher cost, Li-ion batteries account for a significant portion of the total cost 

in an off-grid system due to their limited lifespan compared to other components (Labouret et 

al. 2010, p. 187). 
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Various commercially available batteries are widely used, with the top five rated by Wrigley 

(2022) predominantly utilising Li-ion chemistry. However, selecting the most suitable battery 

for an off-grid carbon farm requires considering several factors. These factors include cost, 

available sizing options, expansion and modularity capabilities, temperature performance, IP 

rating (for protection against dust and water), and specific consumption needs (Weniger et al. 

2014). It's important to note that while Li-ion batteries are popular for solar systems, they may 

not always be the optimal choice for every electricity requirement on a carbon farm. Alternative 

chemistries such as lead acid may be more cost-effective and better suited for certain 

applications. Therefore, a thorough evaluation of these factors is necessary to determine the 

most appropriate battery chemistry for the specific needs of the off-grid infrastructure. 

 

 

2.2.5. Petrol/Diesel Generators 

 

Fossil fuel generators used in off-grid systems are predominantly either petrol or diesel-based, 

and the choice depends on the specific application. Research suggests that diesel generation 

is commonly preferred for larger off-grid systems (typically greater than 4 kW) that are regularly 

used as backup power sources (Kosmadakis & Elmasides 2021). On the other hand, in smaller 

off-grid applications, petrol generation may be more suitable due to its lower capital cost, 

smaller capacity, and absence of high load and charging requirements (Connolly 2014). These 

factors make petrol generators more cost-effective and efficient for smaller-scale off-grid 

setups. It is important to consider the size, usage patterns, and specific needs of each off-grid 

system when choosing between petrol and diesel generators. Larger systems that require 

frequent backup power typically benefit from the reliability, endurance and efficiency of diesel 

generators. In contrast, smaller systems may find petrol generators more economical and 

practical.  

 

Ren et al. (2019) highlights the need for hybridized off-grid systems, incorporating petrol or 

diesel generation, to enhance the financial viability of such systems, despite their 

misalignment with sustainability goals. The study suggests that by offsetting 10% of a 

household's energy consumption with petrol-based generation, the overall payback period of 

the off-grid system, based on the Levelized Cost of Electricity (LCOE), can be significantly 

reduced. Table 1 (Ren et al. 2019) illustrates the findings, using House 1 as an example, it 

presents the average payback period for a photovoltaic (PV)/battery-based system under 

current global warming conditions, considering seven different cities. The average payback 

period is calculated to be 23.8 years. 
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Table 1: Payback periods for PV battery systems in current and future global warming conditions  

 

 

Table 2 (Ren et al. 2019) presents the results obtained when incorporating a generator, which 

accounts for approximately 10% of energy usage, into House 1's hybrid system. The inclusion 

of the generator leads to a significant reduction in the average payback period, from 23.8 years 

to 12.03 years, resulting in a decrease of 11.77 years. By excluding the outlier city, Hobart, 

from the analysis, the average payback period for a PV/battery system is calculated to be 19.7 

years. In contrast, the average payback period for a hybrid system, including a generator, is 

10.53 years. These findings indicate that incorporating a generator into the hybrid system can 

substantially shorten the payback period compared to a PV/battery system alone. The hybrid 

system proves to be more financially favourable, demonstrating its potential for increased cost 

efficiency and financial viability in off-grid applications. It is important to consider these results 

when evaluating the optimal configuration for off-grid systems, taking into account factors such 

as energy usage patterns, local conditions, and financial considerations. 

 

Table 2: Payback periods for a hybrid petrol generator/PV battery system in current and future global warming 
conditions for House 1 
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The implementation of a fossil fuel-based generator in the system introduces additional 

complexities beyond the cost analysis discussed by Ren et al. (2019). This is particularly 

relevant when considering the ACCU (Australian Carbon Credit Units) calculation method, 

which requires accounting for the total project emissions in order to determine the appropriate 

carbon credits to be issued. It is important to minimise the emissions generated by the project 

in order to maximise the number of carbon credits that can be obtained. Emissions generated 

within the project incur a double cost: the cost of the fuel itself and the opportunity cost 

associated with the additional emissions produced. 

 

Therefore, when evaluating the inclusion of a fossil fuel-based generator in an off-grid system, 

it is crucial to carefully consider the environmental impact and the implications for carbon credit 

eligibility. Balancing the financial benefits of using a generator with the associated emissions 

and sustainability goals is an important decision-making factor in designing a system that 

aligns with both economic and environmental objectives. 

 

 

2.3. Off Grid Design Principles 

 

2.3.1. Project Design Limitations 

 

Extensive research has been conducted on implementing off-grid energy systems as 

alternatives to traditional generators, exploring various optimal configurations. However, in the 

Australian context, a simple spot cost comparison is inadequate to assess their viability. 

Factors such as government policies, retailer competition, and available tariffs significantly 

influence the feasibility of different design configurations. 

 

A study conducted by Powell et al. (2019) on a cotton farm irrigation system serves as an 

example. The study compared various supply configurations with grid connection, using the 

payback period as a measure of viability. The findings revealed that a grid/PV configuration 

offered benefits such as shorter payback periods and energy security during daylight hours. 

However, the economic viability of this configuration heavily relied on the price offered for 

surplus energy exported back to the grid. This study emphasises the importance of considering 

not only the initial costs but also ongoing operational factors, including emissions generation 

and revenue streams associated with off-grid energy systems. Government policies, available 

subsidies, market competition, and electricity pricing structures play pivotal roles in 

determining the overall economic feasibility of different off-grid design configurations when 

compared to grid-connected equivalents. 



 U1087304  

 Chapter 2: Literature Review 18 

In this feasibility study, certain assumptions will be made due to its limitations. Government 

policies, incentives, and subsidies will be considered as they currently exist, and electricity 

prices will be taken as the current prices with nominal annual growth. Factors such as the cost 

of degrading global warming conditions and feed-in prices will be excluded as the study 

primarily focuses on the capital investment of each proposed solution, alongside sustainability 

goals and maximizing carbon farming revenue. 

 

 

2.3.2. Design Process 

 

Two studies conducted by Ghafoor and Munir (2015) and Al-Shamani et al. (2015) present 

similar processes for designing off-grid electrical systems. While these studies provide 

comprehensive approaches to system design, they have a limitation in that they restrict the 

design to renewable generation and storage, excluding the consideration of fossil fuel 

generators as a potential cost-saving measure. 

 

Both studies follow a systematic process that starts with defining the energy demand of the 

installation using a load profile approach. They then proceed to select the block components 

of the system, as illustrated in Figure 7 (Al-Shamani et al. 2015). Finally, the design of each 

component part is determined. 

 

 

Figure 7: Example off-grid system block diagram 

 

The final stage of the design feasibility process involves conducting a cost analysis, which is 

not included in the study by Al-Shamani et al. (2015) but is incorporated in the example design 

by Ghafoor and Munir (2015) and discussed in the book by Labouret et al. (2010). 
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The design procedure typically consists of seven stages, although it can be condensed to five 

depending on the desired outcome and the importance of cost considerations. The description 

and outcomes of each stage are as follows: 

 

 Stage 1: Assess the energy demand of the installation, including supply voltage, power 

demand of each appliance, and duration of use. The output of this stage is a load profile 

obtained during the peak season. 

 Stage 2: Size the PV array based on the location and geographical situation. The 

specific approach may vary, but the process outlined by Al-Shamani et al. (2015) 

determines the daily energy requirement, peak power, total current, number of parallel 

modules, number of series modules, and total number of modules. 

 Stage 3: Size the storage battery based on the estimated energy required for storage 

during reduced or non-production hours. The output of this stage is the number of 

required batteries and their series/parallel configuration (Al-Shamani et al. 2015). 

 Stage 4: Size the charge controller by considering the short circuit current of the PV 

module, number of panels, and applying a safety factor (typically 1.25) (Al-Shamani et 

al. 2015). 

 Stage 5: Size the inverter based on the power required by concurrently operating 

devices, with an added safety factor of approximately 20% (Ghafoor & Munir 2015). 

 Stage 6: Determine the wiring plan in accordance with local wiring rules. 

 Stage 7: Perform a cost analysis, which can be done through lifecycle cost analysis, 

LCOE or, in the case of this study, by comparing capital investment, considering the 

payback period using nominal increases in grid connected electricity prices over time. 

 

One significant omission in the aforementioned studies and off-grid design process is the 

consideration of alternative means of generation. Vick and Neal (2012) addressed this gap by 

examining a smaller-scale water pumping subsystem that incorporated wind power in the 

renewable energy mix. While wind power is an appealing option in terms of sustainability 

goals, the study identified several challenges when applied to a small-scale operation, 

particularly the variation in output voltage due to wind speed. This issue does not arise in on-

grid designs, as the variable DC output can be inverted to a constant AC voltage used by the 

utility. It is important to note that the system examined in the study did not include any storage, 

was directly connected to a DC motor/pump arrangement, and did not involve any conversion 

in the off-grid configuration. In the context of this feasibility study, wind power should only be 

considered if the system design incorporates appropriate conversion components. 
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2.3.3. Cable Size Calculation Tool 

 

A core element to any electrical infrastructure design is the network of power cables that 

distribute electrical energy from the point of supply to end consumers. Cable size calculators 

are software tools, available to electrical design professionals, for the purpose of increasing 

the efficiency of performing cable size calculations. Within Australia AS/NZS 3008:2017 

(Standards Australia 2017) is utilised in reference to AS/NZS 3000:2018 (Standards Australia 

2018) to determine appropriate cable sizing for electrical installations. There are a number of 

AS/NZS 3008:2017 based cable size calculator tools available via the internet. These cable 

size calculator tools enable quick determination of cable size based on a number of inputs 

provided by the user including: 

 

 Load size (A): Current demand given in amperes 

 Power factor: Typically given at 0.8 

 Cable core count/configuration: Single/multicore with conductor vs earth arrangement 

 Conductor type: Aluminium or copper 

 Stranded/solid: Flexible or solid conductor variant 

 Insulation type: Outer sheathing material variant 

 Phase arrangement: 1 phase, 3 phase, DC, 2 phase variants 

 System voltage (V): Typically, 230/415VAC, 12/24/48VDC 

 Maximum voltage drop (%): As determined by customer and equipment parameters 

 Cable distance: Distance from source to load in metres 

 Installation type: Choice of environment and method which the cable is installed 

 Number of parallel cables 

 Additional derating options: Available as required 

(Cable Pro 2023  2023; Staden 2023) 

 

The following subsections provide an overview of two example tools that are available for use 

within a project such as this.  

 

 

2.3.3.1. jCalc Cable Calculator 

The jCalc cable calculation tool, developed by Staden (2023), is a cable size calculation tool 

designed utilising AS/NZS 3008:2017, it was and was last updated in September 2023. It is 

available online in both free and paid formats however, watermark free reports are only 

available via a yearly subscription of $265.00. It has a simple to use, single page user interface 
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with all cable variant, supply type, installation method and derating features available to free 

users. Substantial reference information, that supports the input of all parameters is also 

available by selecting the corresponding information button. It generates detailed reports that 

comprehensively outline the parameters utilised in the calculations, along with the resultant 

cable requirements. Figure 8 below provides a view of the user interface. 

 

 
Figure 8: jCalc cable calculator user interface 

  

 

2.3.3.2. Cable Pro 2023 

Cable Pro, developed by Electrotechnik (Cable Pro 2023  2023), offers an alternative cable 

sizing software solution with capabilities similar to that of the jCalc tool. It provides users with 

a parallel range of features and options. The initial access to Cable Pro is facilitated through a 

14-day trial, after which an annual licensing fee of at least $190.00 is required. The free trial 

version also includes the feature of generating cable sizing calculation reports. However, it's 

worth noting that these reports, much like those in the jCalc tool, come with watermarks. 

 

Figure 9 overleaf, provides a view of the Cable Pro user interface, noting this may differ to the 

purchased version. 
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Figure 9: Cable Pro 2023 cable calculator user interface 

 

 

2.4. Smart Farming Technologies 

 

During the literature review, the emerging concept of "smart farming" has been identified as a 

relatively new technology category. Smart farming involves the adoption of digital innovations 

and revised farming practices to enhance farming efficiency. However, its widespread 

adoption has been hindered by ethical concerns, particularly in relation to livestock care, as 

highlighted by Knierim et al. (2018). These technologies encompass remote monitoring of 

farming infrastructure used in both crop and livestock production. They enable the centralised 

collection of information, allowing farmers to intelligently prioritise areas that require attention, 

such as water tanks, feeding troughs, and access gates (Idoje et al. 2021).  

 



 U1087304  

 Chapter 2: Literature Review 23 

Although this feasibility study did not initially consider smart farming technology, it is 

recognised as a potentially valuable additional capability. Therefore, a decision regarding the 

inclusion of smart farming technology in the proposed carbon farm design will be made at the 

conclusion of the case study reviews. The feasibility and appetite for such capabilities will be 

assessed to determine the suitability of integrating smart farming technology into the overall 

design. 

 

 

2.5. Knowledge Gap 

 

This literature review highlights the existing research, case studies, and feasibility studies on 

renewable energy technology and system design. However, it identifies a crucial gap in the 

literature regarding the electrical infrastructure required to support a carbon farm. 

Furthermore, the specific design drivers unique to carbon farming, such as fire management, 

livestock incursion, capital asset security, and water distribution, have not been adequately 

considered in previous studies. Therefore, there is a pressing need for further review and 

analysis of these topics, particularly in light of upcoming case studies. 

 

To address these gaps, an analysis and evaluation of renewable technologies in the context 

of off-grid carbon farming systems is necessary. This analysis should encompass several key 

aspects, including optimal configurations, performance characteristics, cost-effectiveness of 

different off-grid technologies for carbon farming applications. 
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Chapter 3: Methodology 
 

The methodology for this project, is outlined in four sections as follows. 

 

Section 1 of the methodology centres on mobilising and planning the remote activities, 

considering the unique logistical and site-specific challenges involved. Key considerations 

include factors such as weather conditions, which require thorough planning and preparation 

before initiating on-site activities. Additionally, this section encompasses the acquisition of 

necessary resources, ensuring their availability well in advance of the project's 

commencement alongside the activities associated with setting up the case study candidates.  

 

Section 2 outlines the process of gathering requirements from the relevant legislation, codes 

of conduct, identified as a result of the literature review, as well as the conduct of a survey of 

the remote site. 

 

Section 3 outlines the process of cataloguing the essential hardware items necessary for an 

off-grid carbon farm. This includes assessing the requirements for renewable electrical energy 

generation, security and monitoring hardware, water monitoring and movement hardware, as 

well as any additional hardware needed for the existing supporting structures. 

 

Section 4 outlines the process of documenting the future plan for the carbon farm, 

encompassing various aspects such as topography analysis, carbon sink forest maturity 

assessment, and an indicative holistic electrical infrastructure design. Additionally, it includes 

the development of a fully engineered security and fire monitoring system with remote access 

capability.   
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3.1. Project Mobilisation and Planning 

 

To ensure the safe and ethical execution of upcoming site survey and case study activities, 

careful planning and mobilisation are essential. This process involves several important steps. 

Firstly, it is crucial to acquire and account for all the necessary resources for the site survey. 

This includes identifying and obtaining the required equipment, materials, and personnel. 

Secondly, approvals must be sought for the project risk assessment. This approval ensures 

that potential risks are carefully assessed and appropriate measures are put in place to 

mitigate them. Once the necessary risk mitigation controls are accepted, a plan for the site 

survey can be developed. It is important to conduct the survey throughout the year to account 

for any seasonal variations that may impact the development of the off-grid design concept. 

By following these steps, the site survey can be conducted in a well-planned and safe manner, 

ensuring reliable results for the development of the off-grid design concept. 

 

 

3.2. Collate Carbon Farming Requirements 

 

3.2.1. Site Survey 

 

The site survey will be conducted in three separate visits throughout the year, aiming to 

capture data during different seasons and account for seasonal variations. The surveys will be 

planned and executed in accordance with the controls identified in the project risk assessment 

to minimise the risk of incidents to a reasonably practicable level. Navigating the site will 

involve the use of all-terrain vehicle and walking, as needed, to collect relevant information 

crucial for developing the overall carbon farm site concept, with a specific focus on the optimal 

placement of electrical infrastructure. To aid in documentation, software tools like Google 

Maps will be utilised, complemented by topographic maps to assess landscape variations. 

Weather data from reliable sources, such as the Bureau of Meteorology, will also be gathered 

to address regional requirements pertinent to the carbon farm. Given the presence of existing 

buildings on the site, the information captured in Table 3 will be collected to support the design 

of off-grid infrastructure. 
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 Analysis: The method of verifying a product or system using models, calculations, and 

testing equipment. Analysis enables the generation of predictive statements regarding 

the typical performance of the product or system based on confirmed test results from 

a sample set. It also allows for drawing conclusions about the product or system by 

combining individual test outcomes. Analysis is commonly employed to predict the 

breaking point or failure of a product or system by utilising non-destructive tests to 

extrapolate the point of failure 

 

 

3.3. Author Off Grid Hardware Catalogue 

 

In the design concept stage of the feasibility study, a hardware catalogue will be developed to 

capture and organise key fields relevant to each technology group of required off-grid 

hardware, as outlined in section 2.2. Traditionally, database input and storage are commonly 

used for cataloguing hardware. However, for this particular feasibility study, the number of 

products to be captured is relatively small, making the use of a database less suitable. Instead, 

a excel workbook will manage tables which will be inserted for each technology type to 

effectively organise and present the information. This approach allows for a more streamlined 

and manageable way of cataloguing the hardware. Each technology group will have its own 

dedicated sheet with fields gleaned from the supplier datasheets and will include relevant 

fields such as product name, technical specifications, suppliers, pricing, and any other 

necessary information. 

 

By utilising this approach, the feasibility analysis can easily present and compare the 

information for each technology group for use within the design concepts. This method 

ensures a clear and organised representation of the hardware options without the need for a 

database setup. It is noted that key components of each subsystem design will be recorded 

within the hardware catalogue workbook. Sundry items such as fittings and fixings will only be 

recorded in the hardware catalogue if they present as a significant cost.  

 

 

3.4. Propose Infrastructure Design Concept 

 

Two infrastructure design concepts will be developed as part of this study. The first design will 

focus on a fully engineered solution for a security and monitoring subsystem which, through 

initial analysis, has been deemed necessary. This subsystem will be designed to operate off-

grid and will include provisions for an internet connection, wireless network, lighting (including 
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security lighting) and security cameras. The second design concept is a whole-of-site 

indicative design, which will outline the arrangement of planting plots, existing infrastructure, 

and future infrastructure requirements. This includes considerations for security and 

monitoring systems, water extraction and distribution, and commercial offices. This analysis 

will employ the load model methodology employed within UniSQ course ELE3803, alongside 

a set of assumptions and some indicative load values to understand what a whole of farm off-

grid renewables mix might look like.  

 

While drawing inspiration from the works of Al-Shamani et al. (2015) and Ghafoor and Munir 

(2015) both concept designs will adopt an integrated approach. However, the whole-of-site 

indicative design will rely on general assumptions to develop an approximate schematic of the 

off-grid electrical infrastructure and an estimated load profile as per Appendix D. This approach 

aims to provide a broad understanding of the system's requirements and capabilities. In 

contrast, the security and monitoring subsystem will employ a more rigorous approach to the 

load model in order to determine an optimised off-grid solution. This involves considering 

specific factors, such as energy demands, equipment specifications, and monitoring 

requirements. 

 

As input to the detailed design subsections of the methodology, it is important to highlight that, 

given the constraints on available project resources and the limited availability of Cable Pro 

beyond its 14-day trial period, a decision has been taken to employ the jCalc cable sizing 

software for all cable sizing calculations. For future projects, it might be practical to explore 

alternative paid options that offer similar capabilities but come at a more cost-effective price 

point than the licensed version of jCalc. 

 

 

3.4.1. Carbon Farm System/Subsystem Preliminary Design Methodology 

 

Building upon the requirements established in prior activities, the core aim of the preliminary 

design phase is to identify the essential components needed to satisfy the specified 

requirements. This entails a two-step approach: initially, conceptualising the system's 

arrangement within the designated site through a site plot diagram, followed by the 

development of a subsystem block diagram. Subsequent subsections will provide an 

exhaustive breakdown of the specific criteria for each step in the design process. 
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3.4.1.1. Site Plot Diagram 

The site plot diagram is designed to encapsulate the concept of operations, essential 

structures and components, as well as any key performance parameters that could guide 

subsequent design phases. The provided template diagram, captured in Figure 10, has been 

sourced from Google Maps, with delineated boundaries highlighted in gold. This template will 

be updated for each of the following system/subsystem designs. 

 

 
Figure 10: Template site plot diagram 

 

 

3.4.1.2. System Block Diagram 

The methodology for creating the system block diagram draws inspiration from the example 

provided in Figure 7. However, recognising the inclusion of extra equipment and their 

corresponding interfaces, certain modifications have been applied to the template. Each 

system/subsystem block is treated as a "white box," revealing the internal details of its 

equipment groups and their associated interfaces. Within these equipment groups, individual 

pieces of equipment are similarly presented as "white boxes," detailing each equipment 

instance within the design. These block diagrams, identify the specific components for 

inclusion in the load model and following analysis. 
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Stage 1: Assess the energy demand of the security and monitoring subsystem including 

prescribed equipment that accommodate an internet connection and Wi-Fi connectivity 

alongside the required monitoring cameras and security lighting. Record the results in the 

format provided in example by Table 5.  

 

Table 5: Example load profile table (Ghafoor & Munir 2015) 

 

 

Stage 2: The resultant power found at stage 1 is entered into the following average equipment 

efficiency derating formula to ultimately determine peak power (Al-Shamani et al. 2015): 

 

𝑃௣ =
𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑝𝑒𝑎𝑘 𝑠𝑢𝑛
=

𝐸௥

𝑇௠௜௡
                                                                                  (3.1) 

 

The total current required can then be calculated: 

 

𝐼஽஼ =
𝑃௣

𝑆𝑦𝑠𝑡𝑒𝑚 𝐷𝐶 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
=

𝑃௣

𝑉஽஼
                                                                                                (3.2) 

 

The required series and parallel solar modules for each subsystem can then be determined 

by the following formulae: 

 

𝑁௣ =
𝐼஽஼

𝑅𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑚𝑜𝑑𝑢𝑙𝑒
                                                                                          (3.3) 

 



 U1087304  

 Chapter 3: Methodology 34 

𝑁௦ =
𝑉஽஼

𝑀𝑜𝑑𝑢𝑙𝑒 𝑟𝑎𝑡𝑒𝑑 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
                                                                                                         (3.4) 

 

The number of total solar modules can then be determined as: 

 

𝑁௠ = 𝑁௦ ∗ 𝑁௣                                                                                                                                       (3.5) 

 

Stage 3: Size the storage battery based on the estimated energy required for storage during 

reduced or non-production hours. The output of this stage is the number of required batteries 

and their series/parallel configuration (Al-Shamani et al. 2015). The number of days required 

to run autonomously (on battery power) determines a power demand: 

 

𝐸௥௢௨ = 𝐸௥ ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠                                                                                                     (3.6) 

 

Dividing this value by the maximum depth of discharge (MDOD) determines the safety factor 

concerning the required power: 

 

𝐸௦௔௙௘ =
𝐸௥௢௨௚

𝑀𝐷𝑂𝐷
                                                                                                                                   (3.7) 

 

After selecting a battery and gleaning the rated voltage, determine the capacity of the battery 

bank: 

 

𝐶 =
𝐸௦௔௙௘

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑉௕
                                                                                                                 (3.8) 

 

Next determine how many cells will be required by dividing the battery bank amp-hour rating 

by the amp-hour rating of each cell: 

 

𝑁௕௔௧௧௘௥௜௘௦ =
𝐶

𝐶௕
                                                                                                                                    (3.9) 

 

Now determine the series and parallel configuration: 

 

𝑁௦ =
𝑉஽஼

𝑉௕
                                                                                                                                            (3.10) 
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𝑁௣ =
𝑁௕௔௧௧௘௥௜௘௦

𝑁௦
                                                                                                                                (3.11) 

 

Stage 4: Size the charge controller by considering the short circuit current of the PV module, 

number of panels, and applying a safety factor (typically 1.25) (Al-Shamani et al. 2015). 

 

𝐼 = 𝐼ௌ஼ ∗ 𝑁௣ ∗ 𝐹௦௔௙௘                                                                                                                          (3.12) 

 

Stage 5: Size the inverter based on the power required by concurrently operating devices, with 

an added safety factor of approximately 20% (Ghafoor & Munir 2015). 

 

Stage 6: Develop a detailed single line diagram that can be utilised to develop the physical 

wiring solution in accordance with AS3000 and AS3008. Use the jCalc cable calculation tool 

(Staden 2023) to determine sizing, capture output reports as an appendix. 

 

Stage 7: Perform a cost analysis, comparing the cost to install a submain to from the point of 

connection to the machinery shed where the security and monitoring subsystem will be 

located, to the proposed off-grid solution. 

 

 

3.4.4. Whole-of-farm Concept Off-Grid Detailed Design Methodology 

 

The detailed design for the entire farm adheres to a process similar to that in the preceding 

subsection. However, it's important to emphasise that load model input values and subsequent 

system design, are indicative only, based on estimates of typical load groups. It is not intended 

for implementation without undergoing further analysis. The methodology for the detailed 

design of each off-grid subsystem across the whole of farm concept is outlined as follows. 

 

Stage 1: Review input requirements and develop a robust set of assumptions that will inform 

the load profile model. Assess the energy demand of each subsystem installation instance, 

including supply voltage, power demand of each appliance, and duration of use and input to 

the load model to determine per day energy usage. For the purpose of this study appliance 

usage will be assumed consistent across the seven days of the week.  

 

Stage 2: Size the PV array based on the location and geographical situation. The resultant 

power found at stage 1 is entered into the following formula for each instance to determine 

peak power (Al-Shamani et al. 2015): 
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𝑃௣ =
𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑝𝑒𝑎𝑘 𝑠𝑢𝑛
=

𝐸௥

𝑇௠௜௡
                                                                               (3.13) 

 

The total current required can then be calculated: 

 

𝐼஽஼ =
𝑃௣

𝑆𝑦𝑠𝑡𝑒𝑚 𝐷𝐶 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
=

𝑃௣

𝑉஽஼
                                                                                              (3.14) 

 

The required series and parallel solar modules for each subsystem can then be determined 

by the following formulae: 

 

𝑁௣ =
𝐼஽஼

𝑅𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑚𝑜𝑑𝑢𝑙𝑒
                                                                                       (3.15) 

 

𝑁௦ =
𝑉஽஼

𝑀𝑜𝑑𝑢𝑙𝑒 𝑟𝑎𝑡𝑒𝑑 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
                                                                                                       (3.16) 

 

The number of total solar modules can then be determined as: 

 

𝑁௠ = 𝑁௦ ∗ 𝑁௣                                                                                                                                    (3.17) 

 

Stage 3: Determine the number of required batteries and their series/parallel configuration (Al-

Shamani et al. 2015). The number of days required to run autonomously (on battery power) 

determines a rough power demand: 

 

𝐸௥௢௨௚௛ = 𝐸௥ ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠                                                                                                  (3.18) 

 

Dividing this value by the maximum depth of discharge (MDOD) determines the safety factor 

concerning the required power: 

 

𝐸௦௔௙௘ =
𝐸௥௢௨௚௛

𝑀𝐷𝑂𝐷
                                                                                                                                (3.19) 

 

After selecting a battery and gleaning the rated voltage, determine the capacity of the battery 

bank: 

 

𝐶 =
𝐸௦௔௙௘

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑉௕
                                                                                                               (3.20) 
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Next determine how many cells will be required by dividing the battery bank amp-hour rating 

by the amp-hour rating of each cell: 

 

𝑁௕௔௧௧௘௥௜௘௦ =
𝐶

𝐶௕
                                                                                                                                 (3.21) 

 

Now determine the series and parallel configuration: 

 

𝑁௦ =
𝑉஽஼

𝑉௕
                                                                                                                                            (3.22) 

 

𝑁௣ =
𝑁௕௔௧௧௘௥௜௘௦

𝑁௦
                                                                                                                                (3.23) 

 

Stage 4: Size the charge controller by considering the short circuit current of the PV module, 

number of panels, and applying a safety factor (typically 1.25) (Al-Shamani et al. 2015). 

 

𝐼 = 𝐼ௌ஼ ∗ 𝑁௣ ∗ 𝐹௦௔௙௘                                                                                                                          (3.24) 

 

Stage 5: Size the inverter based on the power required by concurrently operating devices, with 

an added safety factor of approximately 20% (Ghafoor & Munir 2015). 

 

Stage 6: Develop simple single line diagrams to represent how the system might be wired. As 

per the determined design, use the jCalc cable calculation tool to determine the required cable 

sizes (Staden 2023). 

 

Stage 7: Perform a simple cost analysis by calculating an estimated the capital cost of both 

off-grid electrical infrastructure and on-grid electrical connection in addition with an estimated 

payback period for any additional cost associated with an off-grid solution. Note that the 

electricity price will be taken as per the time of calculation plus a nominal 5% increase year on 

year. 
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Chapter 4: Results 
 

Chapter 4 is divided into five main sections that present the results captured during the 

execution of the methodology. Specifically, it documents key characteristics noted during the 

topographic, climate review and site survey as input to the hardware requirements that inform 

the various system designs and following off-grid feasibility analysis for this carbon farm 

project. The chapter concludes with a discussion of the results obtained from design and 

feasibility analysis, which will serve to address the aims of this study. 
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4.1.3. Water Source 

 

In years without drought conditions, Salt Creek, which runs through the centre of the property, 

serves as a reliable water source. This creek exhibits a rapid drainage pattern and contains 

multiple water catchment areas that can be estimated through rough volume calculations 

during non-flowing periods. 

 

4.1.3.1. Approximate Average Capacity 

During summer, there are 3 areas that retain water, all of which have been measured 

approximately 10m x 10m at an approximate depth of 0.5m, equating to 50,000L of storage 

across three catchments; 150,000L. It is also estimated that the creek flows to capacity, in 

each catchment, three time a year, equating to an approximate available retention of 

450,000L, assuming each catchment is drained to empty. There is no existing pumping 

infrastructure through which to extract and transfer water between storage. 

 

 
Figure 20: Aerial photo of the available water source 

 

 
Figure 21: Photo of one example water catchment 
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Figure 22: 2.4G wireless network and monitoring equipment layout 

 

 

4.3.2.2. Preliminary Design - System Diagram 

Figure 23 presents a system block diagram, providing a depiction of the key components within 

the security and fire monitoring system and how they interface with each other. 

 

 
Figure 23: Security and fire monitoring subsystem diagram 
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𝑁௦ =
𝑉஽஼

𝑀𝑜𝑑𝑢𝑙𝑒 𝑟𝑎𝑡𝑒𝑑 𝑣𝑜𝑙𝑡𝑎𝑔𝑒
=

30.8

30.8
== 1                                                                                (4.4) 

 

The number of total solar modules can then be determined as: 

 

𝑁௠ = 𝑁௦ ∗ 𝑁௣ = 3 ∗ 1 = 3                                                                                                               (4.5) 

 

Stage 3: Size the storage battery based on the estimated energy required for storage during 

reduced or non-production hours. The output of this stage is the number of required batteries 

and their series/parallel configuration (Al-Shamani et al. 2015). 

 

The number of days required to run autonomously (on battery power) determines a rough 

power demand: 

 

𝐸௥௢௨௚௛ = 4043 ∗ 1 = 4043𝑊ℎ                                                                                                       (4.7) 

 

Choosing 12V ITECH120X 120Ah lithium battery (Appendix I) and dividing this number by the 

MDOD of 80%, to achieve greater than 2000 cycles, determines the safety factor concerning 

the required power: 

 

𝐸௦௔௙௘ =
4043

0.80
= 5053.75𝑊ℎ                                                                                                          (4.8) 

 

Reviewing the data sheet and taking the rated voltage, determine the capacity of the battery 

bank: 

 

𝐶 =
5053.75

12
= 421.15𝐴ℎ                                                                                                               (4.9) 

 

Next determine how many cells will be required by dividing the battery bank amp-hour rating 

by the amp-hour rating of each cell: 

 

𝑁௕௔௧௧௘௥௜௘௦ =
421.15

120
= 3.5 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 == 4 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠                                                          (4.10) 

 

Now determine the series and parallel configuration: 

 

𝐴𝑠 𝑡ℎ𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑠𝑦𝑠𝑡𝑒𝑚 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑖𝑠 12𝑉𝐷𝐶, 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑖𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙.  
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The single line diagram presented in Figure 26 below offers a detailed view of the key 

components, including circuit protection, of the off grid electrical infrastructure required to 

support the base station for a distributed Wi-Fi network and associated equipment identified 

in Figure 23. 

 

 
Figure 26: Fire and security monitoring subsystem single line diagram 

 

 

4.3.3. Security and Fire Monitoring Subsystem Feasibility Analysis 

 

Stage 7: Perform a cost analysis, comparing the cost to install a submain to from the point of 

connection to the machinery shed where the security and monitoring subsystem will be 

located, to the proposed off-grid solution. 

 

The cost summary given in Table 19 details the key components, selected from the hardware 

catalogue, as required to construct the off-grid system designed in the previous steps. Note 

sundry items such as mounting hardware and cable supports are excluded from the cost 

breakdown. 
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4.4.2.1. Preliminary Design - Site plot 

Illustrated in Figure 27, the site plot provides an approximate depiction of the hypothetical 

farm-wide system, delineating the planned deployment of the security and fire monitoring 

system, water storage points, and key facilities. The key facilities, the machinery shed and 

house/office will serve as the primary sources of electrical demand, and their energy 

requirements will be driving to the forthcoming analysis. Additionally, for the scope of this 

analysis, water extraction and transfer systems will be treated as external to the 

office/residence subsystem, with off-grid feasibility determined separately. 

 

 
Figure 27: Carbon farm summary concept design equipment layout 
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4.4.2.2. Preliminary Design - System Diagram 

Figure 28 details a summary concept design that might support a carbon farm through 

residence and office duties, security and fire monitoring and remote, distributed water 

collection and distribution subsystems. These subsystems are those which were determine, 

by analysis of the requirements conducted during the literature review, as necessity to 

maintain, protect and develop a prospect carbon farm in South Australia. 

 

 
Figure 28: Summary concept carbon farm system diagram 

 

 

4.4.2.3. Detailed Design Off Grid Electrical Infrastructure Residence Subsystem 

Stage 1: Review input requirements and develop a robust set of assumptions that will inform 

the load profile model. Assess the energy demand of each subsystem installation instance, 

including supply voltage, power demand of each appliance, and duration of use and input to 

the load model to determine per day energy usage. For the purpose of this study appliance 

usage will be assumed consistent across the seven days of the week.  
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Stage 2: Size the PV array based on the location and geographical situation. The resultant 

power found at stage 1 is entered into the following formula for each instance to determine 

peak power (Al-Shamani et al. 2015): 

 

𝑃௣ =
𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑢𝑛 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦
=

37552

4
= 9388𝑊                                                    (4.13) 

The total current required can then be calculated: 

 

𝐼஽஼ =
𝑃௣

𝑆𝑦𝑠𝑡𝑒𝑚 𝐷𝐶 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
=

9388

210
= 44.7𝐴                                                                          (4.14) 

 

Choosing SPR-P6-410-BLK, 410W Sunpower Monocrystalline Solar Panel (Appendix F), the 

required series and parallel solar modules for each subsystem can then be determined by the 

following formulae: 

 

𝑁௣ =
𝐼஽஼

𝑅𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑚𝑜𝑑𝑢𝑙𝑒
=

44.7

13.73
= 3.26 == 4                                             (4.15) 

 

𝑁௦ =
210

29.9
= 7.02 𝑝𝑎𝑛𝑒𝑙𝑠                                                                                                               (4.16) 

The number of total solar modules can then be determined as: 

 

𝑁௠ = 𝑁௦ ∗ 𝑁௣ = 7 ∗ 4 = 28  𝑝𝑎𝑛𝑒𝑙𝑠                                                                                           (4.17) 

 

Stage 3: Determine the number of required batteries and their series/parallel configuration (Al-

Shamani et al. 2015). 

 

The number of days required to run autonomously (on battery power) determines a rough 

power demand: 

 

𝐸௥௢௨௚௛ = 𝐸௥ ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 = 37552 ∗ 2 = 75,104𝑘𝑊ℎ                                            (4.18) 

 

Choosing 3.7VDC ELFOMO 50Ah lithium battery (Appendix I) and dividing this number by the 

MDOD of 80%, to achieve greater than 2000 cycles, determines the safety factor concerning 

the required power: 

 

𝐸௦௔௙௘ =
75104

0.8
= 93,880𝑘𝑊ℎ                                                                                                     (4.19) 
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After selecting a battery and gleaning the rated voltage, determine the capacity of the battery 

bank: 

 

𝐶 =
93,880

48
= 1955𝐴ℎ                                                                                                                   (4.20) 

 

Next determine how many cells will be required by dividing the battery bank amp-hour rating 

by the amp-hour rating of each cell: 

 

𝑁௕௔௧௧௘௥௜௘௦ =
𝐶

𝐶௕
=

1955

50
= 39.1 = 39 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠                                                                     (4.21) 

 

Now determine the series and parallel configuration: 

 

𝑁௦ =
𝑉஽஼

𝑉௕
=

48

3.7
= 12.97 = 13 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠                                                                                 (4.22) 

 

𝑁௣ =
39

13
= 3 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠                                                                          (4.23) 

 

Stage 4: Size the charge controller by considering the short circuit current of the PV module, 

number of panels, and applying a safety factor (typically 1.25) (Al-Shamani et al. 2015). 

 

𝐼 = 𝐼ௌ஼ ∗ 𝑁௣ ∗ 𝐹௦௔௙௘ = 14.63 ∗ 4 ∗ 1.25 = 73.15𝐴                                                                  (4.24) 

 

The charge controller must also be able to withstand the maximum load current hence; 

 

𝐼௠௔௫ = 𝑃௣/𝑉஽஼ = 6846/48 =  142.65𝐴                                                                                   (4.25) 

 

Choose two Victron Smart VICTRON-SSR250-85MPPT Solar Charge Controller (Appendix 

G), connected in parallel, with 85A of output each. 

 

Stage 5: Size the inverter based on the power required by concurrently operating devices, with 

an added safety factor of approximately 20% (Ghafoor & Munir 2015). 

Peak continuous power is estimated at 6846W. The Victron 3000VA Smart Pure Sine Wave 

Inverter (Appendix H) has a rated continuous output power of 2400W and a peak of 6000W 

hence, three inverters in parallel will be required, totalling 7200W of available continuous 

power. 
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Stage 6: Develop simple single line diagrams to represent how the system might be wired.  

Figure 31, overleaf, provides a representation of how the residence/office subsystem might be 

wired. Cable sizes have been determined using the jCalc tool with reports for identified cables 

catalogued in Appendix K. Note this diagram excludes details pertaining to the required circuit 

protection, this will need to be incorporated should the subsystem be implemented. 

 

 
Figure 31: Carbon farm residence/office concept single line diagram 

 

 











 U1087304  

 Chapter 4: Results 69 

Stage 3: Size the storage battery based on the estimated energy required for storage during 

reduced or non-production hours. The output of this stage is the number of required batteries 

and their series/parallel configuration (Al-Shamani et al. 2015). 

 

The number of days required to run autonomously (on battery power) determines a rough 

power demand: 

 

𝐸௥௢௨௚௛ = 935 ∗ 1 = 935𝑊ℎ                                                                                                         (4.31) 

 

Choosing 12V ITECH120X 120Ah lithium battery (Appendix I) and dividing this number by the 

MDOD of 80%, to achieve greater than 2000 cycles, determines the safety factor concerning 

the required power: 

 

𝐸௦௔௙௘ =
935

0.80
= 1168.75𝑊ℎ                                                                                                         (4.32) 

 

Reviewing the data sheet and taking the rated voltage, determine the capacity of the battery 

bank: 

 

𝐶 =
1168.75

12
= 97.4𝐴ℎ                                                                                                                  (4.33) 

 

Next determine how many cells will be required by dividing the battery bank amp-hour rating 

by the amp-hour rating of each cell: 

 

𝑁௕௔௧௧௘௥௜௘௦ =
97.4

120
= 0.81 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠 == 1 𝑏𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠                                                            (4.34) 

 

Stage 4: Size the charge controller by considering the short circuit current of the PV module, 

number of panels, and applying a safety factor (typically 1.25) (Al-Shamani et al. 2015). 

 

𝐼 = 𝐼ௌ஼ ∗ 𝑁௣ ∗ 𝐹௦௔௙௘ = 11.39 ∗ 1 ∗ 1.25 = 14.24𝐴                                                                  (4.35) 

 

The Renogy RCC20RVRE-AU (Appendix G) is chosen as the charge controller due to its 

maximum rated solar input of 520W at 24V (23.33A) and 20A rated charge current. 
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4.5.2. Carbon Farm Summary Off Grid Design Concept Feasibility Discussion 

 

The results concerning the summary farm system need to be discussed in two distinct parts, 

given the nuanced feasibility of each consumer system/subsystem analysed within this study. 

 

4.5.2.1. Residence Subsystem Feasibility Discussion 

The residence and office facility, is located in place of the existing shack. This site is fixed due 

to its central positioning and its reliance on existing infrastructure, such as roads. 

Consequently, optimising its design feasibility through closer proximity to the SAPN 

connection point isn't a viable option. When assessing the feasibility of this particular design, 

it becomes clear that an off-grid configuration offers significant advantages. This holds true, 

even when stepping outside the SAPN service rules, towards a tailored lower-output service 

to the specific consumer needs. The cost savings, based solely on material considerations, 

amount to $10,707, equating to a 40% reduction in costs compared to the recommended grid-

connected solution. Furthermore, if the standard 63A supply is adhered to (acknowledging its 

greater capacity over the load-specific off-grid design), the savings further increase to 85%, 

totalling $22,101. In either case, this analysis supports the viability of the off-grid design. 

 

4.5.2.2. Water Transfer Subsystem Feasibility Discussion 

To assess the viability of the water transfer subsystem, it's imperative to analyse each 

instantiation of the equipment individually. The results presented Table 31 clearly demonstrate 

that the viability of each instantiation, based solely on material costs, is contingent on its 

proximity to the point of service, which is assumed to be connected to the grid in this analysis. 

In a broader context, this analysis proves the feasibility of an off-grid solution for any water 

transfer subsystem located beyond 100 metres from the connection point when considering 

material costs alone. However, for installations situated within 100 metres or less from the 

connection point, the assessment must include an analysis of a payback period. 

 

It's worth noting that even in the case of subsystems located as close as 50 metres from the 

connection point, as calculated in Table 33, the longest payback period extends just over 3 

years. Supporting the case for off-grid feasibility where the lifespan of the key components, 

namely the panels and batteries, which are calculated to last for 5.47 years when continuously 

discharged to a depth of 80%, with panels having a performance warranty of 25 years. Hence, 

this analysis confirms the feasibility of the off-grid solution, given that the calculated payback 

period falls within, what might be considered, a reasonable timeframe and aligns with the 

expected performance lifespan of the key components.  
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Chapter 5: Conclusions 
 

5.1. Conclusions 

 

This research investigated the viability of supporting the electrical consumer needs of a carbon 

farm, as determined by the review and of multiple data sources and following review of the 

proposed site, with off-grid electrical infrastructure. The following conclusions are determined 

by the study. 

 

- The results of the design and subsequent cost analysis prove the feasibility of 

employing off-grid electrical infrastructure to supply power to the fully defined base 

station component of the security and fire monitoring subsystem. However, it's crucial 

to recognise that the design margins and selected hardware, particularly the chosen 

charge controller, impose certain limitations on expansion opportunities. Opting for the 

next size up, a 60A controller, despite its higher cost at $359.99, facilitates substantial 

expansion possibilities by accommodating additional solar panels and batteries. It's 

worth noting that the inverter's sizing exceeds current requirements, providing room for 

scalability should consumer requirements demand it. 

 

- The results of the design and cost analysis demonstrate the viability of off-grid electrical 

infrastructure required to support the concept design of a carbon farm situated in South 

Australia. It's important to highlight that this conclusion holds true despite not factoring 

in the connection fees imposed by SAPN or the expected additional labour necessary 

for the installation of approximately 450 metres of overhead mains supply cable. 

 

- While the viability of off-grid solutions has been established for the example 

consumers, it's important, as the carbon sink forest expands, to conduct a thorough 

feasibility analysis for lower-demand consumers located closer to the connection point 

before committing to an off-grid design. 

 

- The calculated cost differential between grid-connected and off-grid solutions not only 

validates the initial choice but also offers room for further expansion or capacity 

enhancement within the off-grid framework before reaching cost parity with grid 

connection. In cases where additional capacity isn't required, additional resilience and 

autonomy can be incorporated into the system through alternative methods of electrical 

power generation, such as wind or petrol/diesel generators. 



 U1087304  

 Chapter 5: Conclusions 77 

 

This study has yielded valuable insights into the types of systems necessary to support a 

carbon farm in South Australia. The outcomes of the cost analysis have provided an enhanced 

comprehension of the feasibility of supplying power to diverse consumer loads using off-grid 

electrical infrastructure, particularly in the context of the crucial 50-metre distance threshold 

where viability becomes apparent. Thus, a distance based rapid, grid versus off-grid, decision 

making framework has been established. Additionally, exemplary design outputs have been 

produced that can serve as reference in the consideration of future carbon farm projects 

constrained by similar parameters to this South Australian based project. 

 

 

5.2. Limitations and Further Research 

 

Future work related to this study entails the construction and testing of the security and fire 

monitoring subsystem to further validate the chosen design methodology. Likewise, an 

analysis of the off-grid design and feasibility for micro consumers, such as the additional 

access points, should be conducted to assess their feasibility whilst also confirming the 

applicability of the 50-metre decision threshold.  

 

In scenarios where the electricity at the connection point is set up as off-grid, the assessment 

of the off-grid feasibility for satellite consumers should encompass the expenses tied to the 

expansion of the central electricity source, if it is proposed to be connected via a sub mains to 

create a local grid. This procedure should also be incorporated into the design methodology 

whenever farming facilities and systems undergo expansion within the 50-metre threshold and 

are structured within a local grid configuration. 

 

One notable limitation uncovered in this study pertains to the methodology, particularly the 

challenge of matching charge controllers with specific solar array configurations while 

adhering to hardware constraints. The approach of selecting the panels first necessitated 

careful consideration of voltage and overall power, often requiring a backtrack in the design 

process to ensure hardware compatibility when a charge controller was eventually chosen. 

For future studies, it is advisable to revisit the methodology to incorporate additional steps that 

guide the designer in verifying critical performance specifications. 

 

Expanding the scope of this study could involve evaluating the feasibility of similar systems in 

different Australian states and territories. It's crucial to recognise that the suitability of such 
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systems will heavily depend on the specific location of the carbon farm and the associated 

electricity costs, which vary significantly between regions. 

 

Additionally, in the context of creating a connected farm, it is envisaged that future research 

could also explore the utilisation of smart farm hardware and informed farming strategies. This 

exploration aims to unlock the advantages of enhanced decision-making and increased 

efficiency, both of which can be achieved through the collection and analysis of farm 

equipment and resource data (Jakku et al. 2019). 
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Appendix A: Project Specification 
ENG4111/4112 Research Project 

Project Specification 
For:  Jason Craige 

Title: Feasibility Study of Off-Grid Electrical Infrastructure Required to Support 
a Carbon Farm 

Major:   Electrical/Electronics Engineering 

Supervisors: Professor Paul Wen 

Enrollment: ENG4111 – EXT S1, 2023 

  ENG4112 – EXT S2, 2023 

Project Aim: Supporting a carbon sequester project, for implementation on a nominal 56-
hectare farm requires supporting electrical infrastructure in accordance with legislation and 
site-specific needs. Initial research identifies the need for fire monitoring and security 
hardware, the capability to irrigate planted flora and charging infrastructure for electric farm 
equipment required to minimise the need for carbon offset and maximise output carbon credits. 
Typical remote sites do not have a viable connection to the electricity grid and therefore require 
an off-grid design. This project will investigate and propose off-grid electrical infrastructure 
required to support a carbon farm as given by the aforementioned requirements. 

Programme: Version 2, 8th March 2023 

1. Conduct initial research into the federal and state legislative requirements, codes of 
conduct and taxation guidelines in order to determine mandatory requirements, best 
practice and cost reconciliation of carbon farming supporting electrical infrastructure. 

2. Review existing Australian carbon farming projects as example of existing electrical 
support systems. 

3. Conduct a site survey of the proposed carbon sink forest in order to determine the 
topography and natural resources that will inform the requirement for electrical 
supporting infrastructure. 

4. Construct a future plan for the site, providing a view of how the topography (buildings 
and landscape) will change as the carbon sink forest reaches maturity.  

5. Assess hardware requirements as derived from points 1-3 of the programme. 
6. Select commercially available hardware as a catalogue to inform carbon farm design. 
7. Propose a system of off grid electrical infrastructure design concept that supports the 

proposed carbon farm. 
8. Propose a security, livestock/pest and fire monitoring subsystem in accordance with the 

derived design constraints. 

If time and resource permit: 
1. Assess software requirements as derived from the future plan that might support 

centralised monitoring of all monitorable/controllable electrical infrastructure. 
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Appendix C: Project Schedule Gantt Chart 
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Appendix D: Load Profile Estimate Model 
The embedded file below contains the load model to be utilised within both off-grid concept designs. 

 

Load_Estimate_Mod
el.xlsx  
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Appendix J: Water Transfer Pump Datasheets 
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Appendix L: Catalogue 
 

The embedded file below contains the catalogue utilised within both off-grid concept 

designs. 

 

 

Catalogue.xlsx

 

 




