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Abstract
The lack of electrical power leads to social, physical, environmental and economic
problems. During 16 weeks I was involved in the Roelands Village Photovoltaic Solution,
which is part of one of EWB’s reconciliation plans, with the focus on building strong
relationships with Aboriginal and Torres Strait Islander communities. My role was to collect
valuable information and design an upgraded model of the existing grid-connected system.
This project focused on the PV solutions for an Aboriginal community at Roelands
Village. The predicted maximum demand was assessed to be 850 A, exceeding current
supply significantly. Following this, a detailed cost benefit analysis was also undertaken to
examine options to increase the capacity for power and power generation at the Roelands
site. This analysis examined alternative local renewable energy resources as well as a detailed
analysis on solar PV implementation on site. The costs of solar PV implementation were
examined in detail and it was recommended that a priority should be given to the
installations of solar PV on buildings 22, 16 and 7 as their capacity is greater and the payback
period’s shorter. In future, the findings from this data and research will be instrumental in
helping implement a comprehensive, sustainable electrical infrastructure at Roelands
Village.
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1. Introduction
This final year internship program was undertaken in partnership with the Engineers
Without Borders (EWB) and supported by Murdoch University. This program enabled this
engineering student to gain experience and exposure to a real life situation.
In recent years students, professionals and organisations in engineering related fields
have shown a greater awareness of the need to take on values of corporate social
responsibility. Furthermore, many companies are increasingly looking at not only the
economic, but also the environmental and social impacts of their projects. This project took
on a challenge in triple bottom line engineering by focusing on a community-engineering
project. The vision was to work in partnership with Engineers Without Borders and
Wookabunning Kiaka Incorporated (WKI) to provide responsible and sustainable power
solutions to a remote Australian ex-mission called Roelands Village, in the hope that it will
develop into an indigenous cultural hub that would provide education and cultural
experiences to all Australians [1].
This report begins by introducing the background of the project and its stakeholders,
giving context to the overall project. It is shown from the literature that there is a power
supply issue at Roelands Village in addressing maximum demand. There is a review of
different types of renewable technologies and potential energy technologies for
implementation at Roelands Village. An exploration of Australia’s renewable energy
incentives is described in the final section of the literature review. The methodology used in
further identifying the degree of the issue as well as providing alternate energy solutions is
described in Chapter 3. The results describe the findings of an energy audit taken to analyse
the maximum demand at Roelands Village as well as the findings from research into
alternative energy solutions. The final chapter summarises the conclusions and gives
recommendations based on the finding in this report.

1.1. Background
Photovoltaics (PV) is the concept of using semiconductor cells, such as monocrystalline
silicon, polycrystalline silicon, amorphous silicon, cadmium telluride and copper indium
gallium sulphide, to convert solar radiation into electrical power. These photovoltaic cells is
classified as solar panels (Photovoltaics). In 2012, the Renewable Energy Power Plant
reported that only 22.23MW power was generated from PV system within Australia [35].
This figure can increase slightly to include PV systems that are not connected to the grid. The
fast advance of technology enables people to produce energy from many kinds of natural
sources. In 2006 45% of the Aboriginal community was located in “regional Australia” areas
and 24% was still living in remote places in Australia.
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1.2. Engineers Without Borders
In order to have a full comprehension of the context and scope of this thesis project,
one needs to understand the development philosophy of EWB. EWB is a non-profit
engineering organization that was founded in 2002 by a group of university engineering
students with a vision that everyone should have access to engineering knowledge and
resources to live a life of opportunity, free from poverty. It operates in partnership with local
non-government organisations (NGOs) and communities in order to address lack of access
to basic human needs as well as hygiene, energy, basic infrastructure and engineering
education [1].
EWB operates across Australia and internationally in South East Asia. In Australia
EWB operates several collaborative projects throughout New South Wales, Queensland,
Victoria and Western Australia. The Roelands Village partnership in Western Australia has
been active since August 2 2012.
EWB is passionate about its mission to bring Australia closer to reconciliation through
working with Aboriginal and Non-aboriginal Australians to improve the quality of life for
Aboriginal people. Through education and sustainable engineering projects EWB hopes to
create a stronger relationship based on two way knowledge sharing between engineering
professionals and Aboriginal Australians [1].
The technologies that EWB supports and tries to implement are those that are
sustainable not only for the environment but for the long-term benefit of the communities
that they are implemented in. The technologies must be not only economically appropriate,
but culturally and environmentally appropriate. EWB’s principle of “appropriate technology”
was highly pertinent to the Roelands energy project and guided the decisions made
throughout.

1.3. Roelands Background
Roelands Village is a property located just west of Collie in the South West of Australia
at the end of Seven Hills Road, Roelands (located at -33.2833, 115.817). In 1932 it was
established as Roelands Native Mission and it was one of the missions under the control of
the Native Welfare Department. It was operated as a residential childcare facility and
exclusively housed 500 indigenous children over the period from 1940 – 1970. Many of these
children were removed from their families and homelands thousands of kilometres away. In
1975, the ownership of the property changed to an organisation called the Churches of Christ
Federal Aborigines Mission Board Inc., and the name was changed to Roelands Village.
Childcare operations ceased at Roelands Village at the end of 1984 [3].
From the testimonials of those who lived at Roelands Mission, it is described both as a
place of fond childhood memories and as the more sinister machinations of government
policies at the time. These government “assimilation policies” would eventually lead to what
is commonly termed the “stolen generations” [5]. Many of the children were abducted from
ROELANDS VILLAGE – PV SOLUTIONS
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what amounted to different countries within Aboriginal culture, so that children shared
neither language nor customs. This forced separation from their families and broken bonds
of kinship echo throughout much of Aboriginal social structure in Australia [3].
In 2004, WKI bought the land through the Indigenous Land Council, a group of past
Roelands local missionaries. Their vision was the reconnection of the Aboriginal community
to society, by the exposure of the historical significance of the Aboriginal culture, which was
almost extinct, to the public [3]. The hope is that the darker past of the property will be
replaced by a brighter future.
The Roelands Village community today has approximately 225 hectares of undulating
land encompassing farmland, orchards and a dam (see figure 1 and 2) [6]. Its average
elevation is 38m. There is also a total of 30 buildings situated at the property, including
residential buildings, offices, kitchen/hall and farming buildings at different states of use.
Some of these buildings are unoccupied, and some are simply not in use and may never be in
full operation again, such as a dairy farm.

Figure 1 –Roelands Village
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Figure 2 – Map of the property from (Duggan, Report for Roelands Village: Energy
Audit and Electrical Capacity Study, 2012)
WKI has recently published a strategic document outlining their vision on the future of
the property. With plans for future activities and development, much infrastructure needs to
be implemented and upgraded. EWB has been working in partnership with WKI on a range
of projects [2]. These include water, civil, building and energy projects. Through these
different projects, multiple stakeholders have been engaged.

1.4. Stakeholders
The involvement of the stakeholders was crucial for the PV project at Roelands Village.
This section will discuss the contribution of each stakeholder to the successful completion of
this project.

1.4.1. Les Wallam and Wookabunning Kiaka (WKI)
Les is the executive officer of WKI and the main point of contact for all decisions
relating to the expansion and projects at Roelands. He is a former resident of Roelands
mission, living there for several years as a child before running away from the mission when
ROELANDS VILLAGE – PV SOLUTIONS
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he was 15 years old. It is through his vision that Roelands Village is undergoing its
transformation today.
WKI represents the interest of former residents at Roelands Village, who have stated
their vision and mission for the property in a recent Strategic Document. They wish to see
the property transformed to heal the “hearts and souls” of those that experienced bad
memories during their childhoods at Roelands mission [4].
1.4.2. Sinclair Knight Merz (SKM)
SKM is a global engineering projects firm that was formed in 1964. It has a reputation
for its focus on corporate social responsibility and has implemented pro-bono engineering
programs through which the work at Roelands Village was completed.
SKM has been involved with the Roelands project since 2005, and in 2006 finalised a
comprehensive report on the state of Roelands Village and potential upgrade works [6]. The
report examined infrastructure upgrades in areas such as water supply and wastewater,
electrical and fire detection, road and drainage, asbestos, hail renovation, bridges and dams.
It also documented building unit upgrade works looking at structural inspections of
“Building 11” as well as an electrical report. The electrical report became the basis for future
energy and power audits at the site.
1.4.3. GHD
GHD is an engineering, architecture and environmental consulting company
established in 1928 and works across five continents in global markets of water, energy and
resources, environment, property and buildings and transportation [8]. GHD is an Engineers
Without Borders partner in Australia and USA and assists in indigenous community
development [9].
Several GHD engineers are involved with the Engineers Without Borders Energy
HUB, a team that helps support power and energy projects. Through the efforts and support
of GHD, this project was created in order to examine power usage, future capacity and
related recommendations at Roelands Village.
1.4.4. Western Power
Western Power is a Western Australian State Government owned corporation with
the purpose of connecting people with electricity in a way that is safe, reliable and affordable
[10]. Western Power provides electricity to the entire Roelands area, including the Roelands
Village property, and operates the power networks in the area.
1.4.5. Engineers Without Borders WA Chapter Team
There are several EWB teams that are involved with the Roelands project. The
Western Australia state chapter team includes a group of engineers and professionals who
manage projects, connect with corporate entities and help plan a number of large-scale
projects. The proposed team structure for moving forward includes dividing the team into
different project areas: water, power, civil and building design. One of the requirements for
the author was to attend biweekly meetings with the EWB WA team.
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1.5. Scope of the Project
Following the previous audits at the Roelands Village site there seems to be some issues
in power supply quality as well as a high cost for electricity at Roelands. In order to fully
embrace the potential activities at Roelands Village and to fulfil the vision of WKI, energy
needs to be addressed in a way that aligns with the principles and values of both EWB and
WKI. Several recommendations have been made including assessing options for renewable
energy on site. The scope of this project, which aims to support Roelands Village tenants,
includes:
 Becoming self-sufficient by eliminating or reducing reliance on the grid;
 Reducing running costs for their energy use;
 Improving reliability of their electricity supply;
 Baselining energy, water and waste consumption and usage patterns;
 Finding opportunities to reduce energy demand for current settlement and future
expansion opportunities;
 Providing options to help achieve Roeland’s goal to provide an eco-friendly style
resort.
Following the results from this report, EWB and WKI expect to have a clearer
understanding of the perspective on the future power issues and solutions that will be
effective at the property.
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2. Literature Review
This chapter will explore the relevant background literature both specific to the
electrical history of Roelands Village and to remote community power research in the
broader scientific field. Standards specific to the method of assessment of maximum demand
will be reviewed. Additionally, schemes and initiatives relevant to the cost and installation of
renewable energy will be examined. It will be argued that past audits lack crucial details and
a recommendation will be made to fill in the missing information with relevant data.

2.1. Energy Audits and Electrical Background at Roelands
Village.
Previous energy audits have been undertaken at Roelands Village through the work of
pro-bono engineering consultants. The first was completed by SKM in 2006 as part of a
larger overall analysis of the Roelands Village property [6] and the second audit was
completed by GHD in 2013 [7].
In 2006 Roelands Village was largely in a state of disrepair with major structural,
building, water and power needs unaddressed. At the time, a single 10kVA transformer was
supplying Roelands Village’s power with a maximum of 42 A current available [6]. SKM
performed a maximum demand calculation based on 26 of the buildings at Roelands. Their
findings are summarised in Table 1.
Table 1 - Load calculations from [6]
Internal lighting
22A/single phase.
External lighting
12A/single phase.
General Power
143 A.
Total Load Requirement
22 + 12 + 143 = 177 A
SKM’s electrical report also addressed future electrical loads based on assumed
refurbished loads. The additions are summarised in Table 2:
Table 2 - Future load calculations from [6]
Instantaneous Water Heaters
Reverse Cycle Air Conditioning
Cooking Facilities
Fire Detection and Early Warning
System
Total Load with 25% allowance
for expansion
Required Power

156 A
200 A
73 A
20 A
783 A
240∗783=188𝑘𝑉𝐴

Based on these calculations it was recommended that a transformer rating of 200KVA
and a 3-phase aerial line be installed on site [6]. SKM’s methods were, however, not in
accordance with current standards. An energy audit completed in 2012 and reported on by
ROELANDS VILLAGE – PV SOLUTIONS
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GHD in 2013 documented some site upgrades and audited the property based on AS
3000:2007 standards [7]. This standard is discussed in section 2.3.
2.1.1. 2011 Supply.
From GHD’s survey data the power to Roelands Village is provided from Western
Power, stepped down through the two 50kVA transformers and then distributed throughout
the entire property via 4 power circuits [7]. The maximum continuous supply current is 160
A per phase, as limited by the main switchboard breakers. The maximum supply load, as
limited by the transformers, was determined to be 208 A per phase or 416 A in total [7]. It
appears that most buildings at Roelands Village are loaded on a single phase, although it was
recommended that a registered electrician assess this. The second phase is most likely only
supplying the water treatment plant [7] and [11].
Table 3– Current supply table from M.Lee and C Duggan’s report [7].
Maximum Supply
416 A

Continuous Supply
320 A

2.2. Energy audit
The Energy audit conducted by GHD with the help of EWB’s volunteers outlined in [7],
included the following steps:
1. Checklist all appliances at Roelands Village and interview occupants to ascertain
usage patterns.
2. Energy use of each appliance is calculated by converting kW into kWh based on
historical usage or typical usage.
3. Total kWh values are summed to find the total energy consumption of the building
or collection of appliances is calculated.
4. The energy consumption is checked against historical data (eg. power bills) to
determine whether this consumption is reasonable.
5. The auditor develops a model of how energy is used in the buildings by the
occupants.
6. The auditor can then make recommendations for reducing energy use based on this
model.

2.2.1. Power usage
The average daily energy used at Roelands Village was in the range of approximately 70
– 180 units (kWh) per day between 2010 and 2012.
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2.2.2. Maximum demand
The findings of the energy audit are summarised in Table 4.
Table 4 - Maximum demand from [7]
Current Maximum demand (A)
350

Future Maximum demand (A)
440

These findings were based on the AS/NZS 3000:2007 guidelines, which are reviewed
in section 2.3. Although previous audits gave a good technical background for future work at
Roelands there were several factors missing. Several of the buildings were not accessible to
the engineers on the site visit and thus they were excluded from the analysis. Additionally,
there was little detail presented in regards to solutions to the maximum demand issue.

2.3. AS/NZS 3000: 2007 Review
Standards are living documents that evolve with the advances of science and
technology [12]. They are implemented in all engineering fields to set out specifications and
procedures to ensure that products, services and systems are safe, reliable and consistently
perform the way they were intended to [13].
The maximum demand calculations in this project and GHD’s audit were carried out in
accordance with AS/NZS 3000 2007 guidelines. The AS/NZS 3000, also known as the
Australian/New Zealand Wiring Rules, are a standard devised to ensure ethical and safety
practice of electrical installations [12].
The standard (Appendix C) provides guidance for the arrangement of circuits in an
installation in order to meet the design, equipment selection and installation criteria for the
standard. In section C2 the method for calculating “After diversity maximum demand” is
outlined. A reproduction of this table can be found in Appendix E of this report.
For a single item of equipment in a circuit the maximum demand would be the
nominal load current of the equipment. For example a 10000 W, 240/400 V three phase
heater would produce a per phase load current of 14.5 A:
10000
= 3333
3
3333
=1
0

𝐴

If more than one item of equipment is connected, one could sum all the nominal load
currents to gain a conservative solution. This solution, however, does not take into account
real world characteristics. It is unlikely that all the equipment will be running at full load
simultaneously for long periods of time. Under more realistic conditions the circuit current
calculated based on these factors is described as “after diversity maximum demand” which
takes into account what are known as “diversity factors” [14].
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These diversity factors include:





The type of use the installation is expected to function for residential or
commercial.
The operating conditions of the connected load.
The number and physical distribution points on a circuit.
The size and type of significant loads.

The AS/NZS 3000 provides tables for domestic and non-domestic installations. The
method for calculation first involves identifying the load group of the element and then
based on different factors either taking some percentage of the full load or substituting a
given load. Relevant tables for this project are presented in Appendix E.

2.4. Remote community energy options review
To gain a comprehensive understanding of the technologies and processes behind rural
power distribution and generation, previous studies with a focus on renewable energy
projects and remote communities were reviewed. Hanley and Nevin identified “remoteness”
with a community which showed many of the following traits [15]:






Low population densities
Limited conventional energy sources
Lack of infrastructure
Physical access constraints
Long distance to external markets

An important distinction should be made between the terms remote or rural and
impoverished. Roelands Village may be considered a remote community, however not one
facing poverty. In regards to power infrastructure, remote communities may benefit from
decentralised approaches to energy transmission and distribution. The paradigm that
encompasses this perspective is explored in the following sections of this chapter.
2.4.1. Distributed Energy Resources (DER)
Innovation in the energy sector has been pushed by a shifting paradigm towards
socially and environmentally sustainable, economically and technically sound energy
technologies. This shift has been spurred by issues such as climate change, environmental
pollution and resource depletion [16]. Regulatory bodies, policies and the scientific
communities are all collectively driving towards solutions to these pressing concerns [17].
The evolution of the Distributed Energy Resources (DER) paradigm has been in many ways
the answer from the energy sector, incorporating a focus of decentralised forms of energy
production within the concept of distributed generation (DG) [17].
DER contains three main aspects:
1. Distributed Generation (DG)
2. Demand response: energy saving brought by changes in customer behaviour in
response to specific programs for reducing peak power and energy consumption.
3. Distributed storage: local energy storage with different types of devices.
ROELANDS VILLAGE – PV SOLUTIONS

Page 16

Given the scope and scale of the Roelands Village project, it was decided that the focus
be on distributed generation technologies and implementation.
2.4.2. Distributed Generation
DG, or “on site generation” includes small modular power generation technologies that
can be combined with energy management and storage system to improve the operations of
the electricity delivery systems at or near the end user. The move away from traditional ”topdown” power generation and distribution from centralised sources was partially due to
California’s deregulation crisis of 2000-2001, but other strengths of distributed generation
have emerged as the paradigm has been adopted [18]. The economic advantages of
controlling one’s own power and the option for onsite cogeneration of heat and power or
generation for heating, electric power and cooling are uniquely enticing options offered
within the DG paradigm. Distributed generation’ strengths were summarised by Manfren,
Caputo and Costa [16]:
“1. Power generation from a large variety of distributed resources together with the
exploitation of local micro-sources with benefits in term of decreasing fossil fuels
dependence and protection against electric system’s failure (lower risk than in the case of
centralized generation);
2. Optimal generation, distribution and storage management to meet specific needs in
the built environment;
3. Market accessibility for small investors;
4. Direct customers’ involvement in energy demand and peak power reduction
programs.”
DG typically includes technologies such as turbines, micro-turbines, renewables,
hybrids supplying in the range of 1kW to 50MW of power [19]. Small-scale generation (below
1 MW) solutions in particular have reached a level of mainstream accessibility with support
from government policies and incentives. Additionally visions and concepts of technologies
such as Micro-grids, Virtual Power Plants, Integrated Energy Systems, Intelligent Power
Grids and Energy Hubs have been considered by researchers [16].

2.5. DG technologies background
With the alignment of many of the goals of DG with the principles of EWB and the
vision of Roelands Village, several DG options were reviewed. The options presented were
selected due to relative accessibility and practicality of the project. Future research may not
be limited to these technologies, however in the interest of scope, only a limited number
could be considered appropriately. The following sections give a brief overview of the
histories, function and current status of the technologies.

2.5.1. Fossil Fuel Generation
Generation options that require the use of fossil fuels include micro-combustion
turbines, reciprocating internal combustion engines and traditional Stirling engines. These
ROELANDS VILLAGE – PV SOLUTIONS
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generation devices run on fuel and create heat and power. Capturing the excess heat allows
greater efficiency in the system allowing for what is termed cogeneration.
2.5.2. Stirling Engine
The Stirling engine was patented by Robert Stirling in 1816 as an alternative to the
then volatile steam engine. This fell out of usage after the early 1900’s, however it is now
experiencing a recent reappearance due to its efficiency for converting sunlight into
electricity. A Stirling engine consists of a gas cylinder with a heat source and a cold sink
separated by a short term thermal energy storage device called a regenerator. The
regenerator allows gas to pass through it but also maintains a good thermal gradient from
one side to the other. As the gas passes through the regenerator it either gains or loses heat.
With the external heat and cold sources a Stirling engine could theoretically be fuelled by
many different fuel sources. This feature of the Stirling engine is what lends it to potentially
capturing concentrated solar power and converting it to electricity.
Researchers have been exploring the use of Stirling engines in this regard and have
developed solar dish/Stirling systems with average efficiencies of over 20% and peak
efficiencies of 30%. These systems consist of a parabolic dish that focuses sunlight onto a
thermal receiver which is delivered to the Stirling engine. Unfortunately solar powered
Stirling engines have yet to hit mainstream accessibility [34].
2.5.3. Biofuels
Biofuels or biomass could be viewed as the world’s oldest form of renewable resource.
Many people in developing countries still rely on biofuel resources such as wood, crop
residues and animal dung [20]. Energy crops that are planted especially for the use as biofuel
are also available such as fast-growing trees and grasses [21]. It has been estimated that one
third of all energy consumed in developing countries is derived from biofuels [20].
The benefits of biofuel based electricity generation rely on the fact that plants have
solved the key problems with conversion of solar energy i.e the storage and collection of solar
energy. Additionally as the carbon that is stored within a plant originally was collected from
the environment, there is no net increase in carbon emissions when biofuels are used in
power generation. Typically biofuels are used to power small conventional steam-Rankine
engines that are near the fuel source, as transporting biofuels is impractical and expensive.
The combination of smaller engines, lower grade materials and high water content of the fuel
tends to mean that biofuel based plants have lower efficiencies typically less than 20% [18].
Newer biofuel technologies have been in development, but have yet to reach
mainstream accessibility. These include using gasified biofuels, which introduces an
intermediate step of gasifying the fuel and cleaning the gas before its use for combustion.
Coal-integrated gasifier/gas turbines that use this fuel have yet to be commercialised [18].
2.5.4. Micro Hydro
Hydropower began with the wooden waterwheel, which was used in many parts of
Europe and Asia for 2000 years [18]. The first hydro-turbine was most likely developed by
Frenchman Benoit Fourneyron who called it a “hydraulic motor.” Countries such as
Germany have boosted the hydro-power sector with attractive policies and incentives in
recent years [22].
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Hydropower is an extremely important renewable resource on the world scale,
providing 19% of the world’s total electricity [22]. Small-scale hydroelectric power is perhaps
one of the most cost-effective, efficient and environmentally low impact forms of power
generation. Given the right conditions hydroelectric power can be a formidable power source
for consideration. Micro-Hydro power is sometimes considered to be a system generating an
upper limit of 30 MW in capacity, although there is no international standard [18].
Micro-Hydro systems tend to be a “run of the river” system which alleviates the need
for a dam. Dams can cause unnecessary negative environmental impacts in forms of
removing fertile land and displacing communities. Instead, water is diverted into a pipeline,
called a penstock, that delivers water to a hydraulic turbine/generator. This simple design
allows for an extremely robust system that usually requires little maintenance and can last
for 50 years or more [22].
2.5.5. Wind
Wind power has been in use for centuries, originally for the mechanical purposes of
grinding wheat or pumping water. The first wind powered electricity generator was built in
1888 (in Cleveland Ohio) and since then wind generated power has experienced a steady
evolution and climb in prominence [23].
Wind turbines can be classified using the types of axis around which the blades turn.
The majority of wind turbines are horizontal axis wind turbines (HAWT), but vertical axis
turbines also exist (VAWT). The only commercially successful VAWT is the Darrieus rotor
developed in the 1920s. The greatest advantage of such VAWTs is that they do not require
any yaw control to keep the turbine facing into the wind. Additionally, the heavy machinery
components such as the generator and gear box (known as the nacelle) can be kept on the
ground, allowing for easy access and less need for a strong structure. The blades themselves
are also light and can be made from cheaper materials as they are in constant tension and
need not handle constant flexing associated with blades on horizontal axis machines.
VAWTS also have a few disadvantages. Wind speed is lower closer to the ground and as such
VAWTs do not generally receive the benefits of high wind speeds that HAWTs do. There is
also greater turbulence closer to the earth which can cause greater stresses on the blades of
VAWTs. Wind spillage can be a problem when trying to protect the generator, as Darrieus
rotors have a low starting torque [18].
Most wind turbines are HAWTs of either upwind or downwind type. There is much
debate over which of these designs is superior [18]. A downwind machine needs no
mechanism to control the yaw as it naturally orients to the wind direction, removing the
need for complicated machinery present in an upwind design. The main drawback, however,
is that the downwind design necessarily means that as the blade passes behind the tower
there will be a natural lull in wind and thus causes strain and flex in the blade. Although
upwind turbines require more complex yaw control systems they also operate more smoothly
and deliver more power [18].
The Albany wind farm demonstrates the capability for large-scale wind power in
Western Australia. In Australia wind power has a capacity of 2480 MW (as of April 2012)
and supplies over 6800 GWh per annum [24].
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2.5.6. Photovoltaic
Possibly the most eminent of all renewable energy sources, generation from
photovoltaic (PV) materials has garnered a reputation as an accessible, simple and clean
technology for generating electricity. The humble beginnings of PV started in 1839 when
Edmund Becquerel caused voltage to appear between a metal electrode in a weak electrolyte
solution with the application of illumination. In 2002 the production of PV globally had
reached a generation capacity of almost 600 MW per year [18]. By the end of November
2012, Australia had a PV capacity nationwide of more than 2.144 GW. The majority of these
systems are grid-connected systems. PV represents 3.2% of Australia’s current generation
capacity [25].
PV systems work on the principle of the photovoltaic effect. Within a semiconductor
material such as silicon or germanium there are bands of allowable and forbidden energy
levels between which electrons can move, given enough energy. The highest band or the
conduction band is the energy required to create a charge. Electrons may get this energy
from thermal sources, but in the case of PV this energy source is photons of electromagnetic
energy from the sun. When illumination is applied to a semiconductor negatively charged
electrons accumulate on the opposite side of their positively charged counterparts called
holes. If these two sides are connected by a conductor then current can flow [18].
Adoption of PV in the past has been restricted by the relatively high cost of the
technology. Factors such as no moving parts, slow degradation of solar cells, flexibility in the
modularity of PV systems and simplicity in use and maintenance have contributed to PV’s
sustained popularity.
Although the literature on DG and renewable energy sources is broad, there are few
details on the practical implementation of such technologies, especially in areas in rural
Australia. The costs involved, public perception and other peripheral properties of the
technologies are also not described. Applying them to a specific location will require expert
knowledge and specific research.

2.6. Review of Australian Government sustainable energy
initiatives
The Australian Government has offered several initiatives to encourage the adoption of
renewable technologies in Australia. These initiatives operate on both a national and state
level. In this section the Australian renewable energy target and buy-in tariffs will be
described.
2.6.1. Renewable energy target
The renewable energy target (RET) in Australia consists of two schemes: the largescale renewable energy target (LRET) and the small-scale renewable energy scheme (SRES).
The schemes aim to encourage the additional generation of electricity from renewable
sources, reduce emissions of greenhouse gases in the electricity sector and ensure renewable
energy sources are ecologically sustainable [29].
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The schemes attempt to achieve these goals by creating online certificates based on
eligible renewable energy sources and the amount of electricity either generated by a
renewable energy power station, small scale solar panel, wind or hydro system or displaced
by a solar water heater or heat pump. The schemes also place a legal obligation on liable
entities (usually electricity retailers) to purchase and surrender a certain amount of
certificates each year.
The trade of certificates can result in a financial incentive for those installing
renewable energy systems. These are traded through the REC Registry, an internet-based
registry run by the Clean Energy Regulator.
2.6.2. RET History
These schemes have been in effect since 2001 and have increased the number of
installations of small-scale renewable energy systems and increased investment in renewable
energy power stations.
By the end of 2011 $10.5 billion had been invested in large scale renewable energy
power stations. The combined electrical capacity from these renewable energy sources was
around 13,700 (GWh) or the equivalent to the energy usage of 2.1 million residential
households.
2.6.3. LRET
The Large-scale Renewable Energy Target creates a financial incentive for the
establishment of renewable energy power stations in the form of Large-scale Generation
Certificates (LGCs). These certificates can be sold to liable entities, which are entities that
have a legal obligation to buy certain numbers of LGCs and then surrender them to the Clean
Energy Regulator annually.
2.6.4. SRES
The Small-scale Renewable Energy Scheme creates a similar financial incentive as the
LRES for small-scale installations of systems such as solar water heaters, heat pumps, solar
panel systems, small-scale wind systems or small-scale hydro systems. Liable entities are
required to buy a certain number of Small-scale Technology Certificates (STCs) and
surrender them on a quarterly basis [29].
2.6.4.1. Eligibility
Solar water heaters and heat pump installations are eligible for STCs if the system is
new and listed in the Register of Solar Water Heaters [25].
Small-scale solar, wind and hydro systems are eligible if they fulfil the following
factors:






The system is new.
The components are listed in the Clean Energy Council list of accredited
components.
It is installed correctly by a Clean Energy Council accredited installer.
It is installed on eligible premises.
It complies with local, State and Federal requirements for its type of
installation.
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2.6.4.2. Certificate Creation
Eligible small-scale systems are able to create STCs based on the amount of renewable
electricity a system produces or displaces. If electricity is generated by a small-scale solar
panel, wind or hydro system the certificates are generated over the course of its lifetime or
up to 15 years. If a solar water heater or heat pump is displacing electricity, then certificates
are generated over the course of its lifetime or up to 10 years.
The number of certificates generated also depends on the location of the system as well
as its size and capacity. The ownership of such certificates are usually managed by the owner
of the small-scale system being installed, but can also be assigned to a third party agency
who can manage and sell the STCs on the owner’s behalf. The third party agencies, known as
“Registered Agents”, must be registered with the Clean Energy Regulator. If engaged, the
registered agents may provide a benefit to the owners of the system in the form of a financial
benefit (generally a discount on the installation of the system) in exchange for the right to
create and sell the STCs [27].
2.6.4.3. Solar Credits
Solar credits are a mechanism that can increase the number of STCs a system is eligible
for by multiplying the number of certificates based on certain criteria. It only applies to the
first 1.5 kW of a system.
Different multipliers apply for different periods, as given in Table 5:
Table 5 – Multiplication of STCs over time periods from C. E. Regulator
[28].
Installation Period
1 July 2010 - 30 June 2011
1 July 2011 – 30 June 2012
1 July 2012 – 31 December 2012
1 January 2013 – onwards

Multiplier
5 * [number of eligible STCs]
3 * [number of eligible STCs]
2 * [number of eligible STCs]
1 * [number of eligible STCs]

2.6.4.4. Price
STCs are priced between $15-40 each. If sold on the STC clearing house the price is
fixed at $40, however STCs are usually sold for less than this in the STC market [28]. The
financial incentive range for solar panels based on the prices of STCs in Perth are given in
Table 6:
Table 6 - Approximate financial incentive range from C. E. Regulator [28]
and [29].
System Size
1.5kW
3 kW
5kW
10kW

ROELANDS VILLAGE – PV SOLUTIONS

Incentive Range
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$930 -$2,480
$1,545 -$4,120
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2.7. State level buy back tariffs
Each state and energy provider has its own policies and prices regarding buying back
electricity generated from renewable power sources that feed back into the grid. In the case
of Roelands Village, the electricity provider is Synergy. Synergy offers a Renewable Energy
Buyback scheme (REBS) to its customers that allow them to sell back excess energy
generated by renewable sources, see Table 7.
The set up costs for entering the program include a $40 administration fee.
Additionally there is a metering switch cost depending on whether the meter is measuring
single phase, three phase or if only a reprogramming of an existing meter is necessary.
The REBS is available to residential customers, not for profit organisations and
educational institutions. The renewable energy system must be between 500 watts and 5 kW
in inverter capacity, which is duly connected to the South West Interconnected System with
an approved meter and all other related approvals.
Multi-residential properties require each home to be connected separately to Western
Power’s network in order to be eligible for the REBS. Extra charges may be incurred based
on changes to the property’s network connection and additional meters. K1 tariff customers
(home and business plan) are not eligible to the REBS as these customers do not use
electricity exclusively for residential purposes [30].
Table 7 - Synergy Renewable Buyback Scheme Prices [30].
Tariff Type
Residential
Community Service Plan – C1
Charity Accommodation Plan – D1
Business Plan – L1
Business Plan Fifty – L3
Business Time of Use – R1
Business Time of Use Fifty –R3

Buyback Rate (c/kWh)
8.4094
20.6332 – 25.3330
19.3621
23.3052 – 25.6056
29.0383 - 31.9469
Peak: 27.8415, Off Peak: 10.0047
Peak: 39.0509, Off Peak: 13.4628

2.8. GHD Recommended PV
GHD’s energy report made a recommendation for the consideration of PV [7]. Their
report provided a table of typical costs for various sized PV systems and the payback time
associated with each system, as given in Table 8.
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Table 8 - Typical Payback Periods for Photovoltaic Systems
PV System

Up-front Cost

Annual Savings

Payback Period
(Years)
1 kW
$1,200
$332
3.6
2 kW
$2,750
$664
4.1
5 kW
$7,000
$1,660
15
GHD’s recommendation and data gave some direction to the investigation into PV at
Roelands Property. The values, however, were based on ―typical systems and lacked
transparency on how the savings were calculated. A more specific survey of PV feasibility was
not completed in the report.

3. Methodology and Methods
This chapter describes and justifies the strategy behind the approach to improve the
power and energy situation at Roelands Village. By following EWB’s principles and building
on the previous inspections and audits done at Roelands Village, a refined scope of work was
developed. This refined scope allowed a more effective structuring of goals and strategies to
address the energy issues at Roelands Village.

3.1. Refined Scope
The refined scope was developed after discussions and meetings with EWB volunteers,
staff, GHD engineers and the WKI executive officer Les Wallam. The specific scope of this
project was largely determined by individual decisions based on what could be gathered
about the current energy capacity and future challenges faced by the Roelands Village
property in regards to power. The strategy taken was to ensure practically relevant research
was undertaken so that any proposed power solution was capable of being implemented and
accepted by the wider community at Roelands Village.
After consultation with the various stakeholders involved in the broader scope of this
project and gathering the necessary background documentation and research, a three-part
scope was developed, as follows:
1. Research and review previous energy audits done at the Roelands Village Site and
complete an independent audit on the site to add to and update previous data.
2. Examine alternative energy solutions to assist with energy capacity and to curtail
energy costs.
3. Evaluate outdoor lighting for night time illumination and safety.
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3.2. Methodology
Many of the techniques for analysis in this project were based on the previous methods
for audits completed by professional engineers. Considering that the standards and goals
were similarly aligned, this approach is well justified. A guiding principle for the methods
taken in this project was that of involvement and engagement with stakeholders and
partners. As implementation within a reasonable time frame was a key consideration, the
strategy for solutions was focused on providing practical and useful results to the community
at Roelands Village. Previous remote community power projects have also included
discussions with local communities and their perceptions have been considered valuable.
This approach is also justified by EWB’s principle of working in partnership with
communities in order to develop the most appropriate solutions.

3.3. Energy Solution Methods
The detailed analysis of an implementable power solution was selected using an
evaluative methodology based on close collaboration with Les Wallam and the EWB
partners. Taking elements from the “STRATEGIC PLAN” report describes a factor rating
method that included several facets developed [4]. Ratings were assigned to these facets (1 to
5, with 5 being the most favourable) based on discussions with the relevant parties. The
overall decision on which technology to focus on was based on a combination and subjective
weighting of these factors. Other technologies may deserve future scrutiny, however due to
limitations in resources and capacity only one of these technologies underwent a further
detailed cost analysis and implementation plan. The results section describes the
implementation of these methods to determine the technologies fit for further analysis.
3.3.1. Important Factors
Factors that affected technology choice:
1) Accessibility
Accessibility was rated based on the ease or difficulty of sourcing the technologies
locally. The installation and available expertise on the technology were also considered in
this filter category.
2) Predicted Cost
Capital costs, maintenance and other ongoing costs were estimated to give a
preliminary idea about the expenditure for the given technology. As much of the funding for
Roelands Village is provided by limited grants, the capital cost of systems is a strong factor
for influencing implementation decisions.
3) Community perception of fitness
Surveys, interactions and discussions with Les Wallam, the executive officer of WKI,
were used as a basis for determining the negative or positive opinion on certain technologies.
The executive opinion of the agent in charge of executive decisions at Roelands carried a
significant weight.
4) Capacity for operation, maintenance and management
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Roelands Village human resources and capacity for the operation, management and
maintenance of the power systems was also a consideration. Ideally the technology would be
self-serviceable, reducing costs and providing local employment.
3.3.2. Cost and implementation analysis
Implementation of the chosen technology was analysed with the advice of a solar PV
contractor. The cost analysis of the installation of solar panels was undertaken through
examination of the capital costs, maintenance costs, direct energy saving costs and feedback
tariff rates. Considering that the cost analysis was based on a scenario of grid-connected
solar with no storage, an examination of the usage patterns was required to calculate the
amount of solar energy that would be used and how much would be fed back and paid for by
the feed-in tariff. Two scenarios are presented to give a realistic range of use:
1.
33% of the power generated from the solar PV is used directly by the
building’s residents and 67% is sold back to the grid.
2.
50% of the power generated from the solar PV is used directly by the
building’s residents and 50% is sold back to the grid.
Power used directly from PV was considered to be a saving at a rate of $0.25 a unit.
This is based on the A1 residential tariff. Roelands Village is currently is charged on the K1
tariff and being ineligible for the REBS. Calculations were thus made for both the current
case without an option of selling back excess electricity and the possibility that the residents
at Roelands Village would be able to install separate meters and be charged on the
residential A1 tariff.
A contractor was engaged on behalf of this project to examine the PV installation
options at Roelands Village. Their findings are further analysed in the results section with
calculations of payback period and relevant building usage. An analysis on the cost and
estimated payback period were based on quotes given by two contractors. Equations used to
calculate payback period are detailed below.
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4. Results and Discussion of Energy Audit
This chapter examines the results from the energy audit described in chapter 3. The
results will be combined with previous results from GHD’s energy audit to create a
comprehensive analysis of the maximum demand at Roelands Village.

Figure 3 - Picture of supply transformers, main switchboard and incoming
22kV line.

4.1. Power supply
An examination of the current power supply was undertaken and it was confirmed that
two parallel 50kVA transformers supply the property on two independent single phases.
Correspondence with a Western Power engineer confirmed that the incoming voltage was
22kV. The transformers step this down to 240 V from where it is distributed throughout the
property on four power circuits (see Appendix D). Currently, the exact loading on each of the
two phases is unknown.
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4.2. Example of results of audit from a typical domestic
building
Table 9 is an example of the data compiled from the energy audit. All audit data from
buildings can be viewed in Appendices A and B.
Table 9 - Example of results from audit for building 11

Item

Number of
items
11
14

Power (kW)

Load Group

11
N/A

Total Load
(A)
0.5
140

Washing
Machine
Boiler
Microwave

1

798

3.325

B(i)

1
1

2500
1100

10.42
4.58

E
B(i)

Toaster

1

2200

9.17

B(i)

Westinghouse
Stove
Heater
Water Heater

1

2400

10

C

1
1

2400
147

10
0.61

D
B(i)

Lights
Sockets (10A)

A(i)
B(i)

Maximum
Demand (A)
3
10 (for 10-20
sockets)
Included in
sockets
3.47
Included in
sockets
Included in
sockets
5
7.5
Included in
Sockets
Total 28.97

4.3. Additional maximum demand current
Total after diversity maximum demand for each audited building from the current
project totalled 154 A (Results displayed in Table 10). The demand from each individual
building was consistent with comparisons with similar buildings from [7] and [11].
Table 10 – Maximum Demand Calculations from 2013 Audit
Building No.
11
14
17
19
20
22
Total
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AS 3000 Maximum Demand (A)
28.97
24.98
26.77
3.00
29.58
40.54
153.84
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4.4. Combined results with GHD audit
Results were combined with findings from GHD’s report to generate a maximum
demand calculation for current buildings that have been assessed at Roelands Village [11].
The combined results are given in Table 11. Building 8 was considered long term residency
(Wallam) making it relevant to maximum demand calculations, however both the current
audit and previous audit were unable to access the premises. As such, it has been excluded
from the current and predicted results.
Table 11 - Combined Results for Maximum Demand
Building No.
5
7
8
11
12
13
14
15
17
18
19
20
22
26
27
Water Treatment
Total

AS 3000 Maximum Demand (A)
14.35
42.86
102.68
28.97
30.63
62.25
24.98
25.00
26.77
25.00
3.00
29.58
40.54
28.38
40.70
22.73
548.42

4.5. Predicted Maximum Demand
The maximum demand values for future maximum demand include the predictions
from GHD’s report [11]. These were compiled in Table 12 with the current audit and GHD’s
own data.
Table 12 - Predicted Maximum Demand

Building No.
1
3
5
6
7
8
11
12
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AS 3000 Maximum Demand (A)
54.33
4.38
14.35
4.38
42.86
102.68
28.97
30.63
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13
62.25
14
24.98
15
25.00
17
26.77
18
25.00
19
3.00
20
102.68*
21
102.68
22
102.68*
26
28.38
27
40.70
Water Treatment
22.73
Total
849.43
*Used predicted values from [11] as these buildings were not fully outfitted
with appliances at the time of audit.

4.6. Maximum Demand and Current Supply
The percentage by which maximum demand load exceeds current supply was
calculated based on the assumption that the load could be balanced on the two supply
phases, although it appears that, in reality, most units were loaded onto a single phase.
Maximum load was assumed to be 208A for a single phase 416A for the two phases
combined, as stated in [7]. Following this, the maximum demand could be calculated as
follows.
Load exceedance (assuming balanced phases)
The following values are applied from the total load from Table 11 and the maximum supply
for two phases.

8

1
1

100 = 31 7

Load exceedance (assuming buildings on a single phase)
The following values are applied from the total load subtracted the load from the water
treatment plant from Table 11 and the maximum supply for a single phase.

8

73
08
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4.7. Future Demand Exceedance
Assuming balanced phases
The following values are applied from the total load from Table 12 and the maximum supply
for two phases.
8 0

1
1

100 = 10 3

Assuming buildings on a single phase
The following values are applied from the total load subtracted the load from the water
treatment plant from Table 12 and the maximum supply for two phases.
8 0

73
08

08

100 =

77

Figure 4 – Air conditioning unit that was included in energy audit (see
table 2).
These results demonstrate a significant problem in power infrastructure at the
Roelands Village property. Given the best condition of balanced phases, the maximum
demand exceeds current supply by 32% is set to increase if all future installations are
implemented. Fortunately there have been no serious issues to date, as many of the buildings
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are still unoccupied or unused. This is almost certain to change once the property is officially
launched to the public or begins receiving a consistent number of visitors.
These results are consistent with the 2012 GHD audit, which did not find that the
current maximum demand exceeded supply, but predicted a future demand exceeding
supply by up to 30%. As a greater number of appliances have been implemented over the
time since the previous site inspection and with the additional buildings included in this
audit, it is unsurprising to see a higher current maximum demand.
It should be noted that the GHD audit concluded that it is likely that many of the
buildings at Roelands Village are supplied by a single phase. It was recommended that
“electrical diagrams are essential for detailed analysis”, and this remains the case. As
calculations in these results demonstrate, the single-phase load scenario results in maximum
demand exceeding the supply by 153%. An electrician’s analysis is required to know the exact
details of the distribution.
From section 2.1, it was noted that in 2006 a 200kVA transformer was recommended
for installation at the property with a predicted load of 783 A. The predicted load from this
study has increased this estimate to 850 A. This would require a 204 kVA supply to
adequately address the demand. With the current supply transformers consisting of two
single-phase 50 kVA transformers, an additional 150 kVA single phase transformer will be
adequate to address the predicted maximum demand with a 20% safety factor.

5. Energy Solution Research Results and Discussion

Following the previous results, it is clear that Roelands Village will potentially have a
crisis in power supply to meet maximum demand. Once either residents or visitors occupy all
the buildings the problem may be even further exacerbated. In this chapter, the results from
research into available alternative energy solutions will be discussed. It was decided that one
technology be chosen for a detailed analysis, which through processes described in section
3.3 resulted in PV being selected. The implementation and costing of grid-connected PV will
be reviewed as well as its suitability for addressing the issues at Roelands Village.

5.1. Power usage
Two months of power bills data in 2012 were evaluated during the site inspection to
gain a cursory sample of power usage at Roelands. This usage is summarised in Table 13.
Table 13 – Power Usage Results

Average Daily Consumption (kWh)
Average Monthly Consumption (kWh)
Average Cost per Month ($)

150
4866
1364

With many activities yet to occur on the property the cost for power is considerable and
Les Wallam has been strongly motivated to see these bills reduced. The installation of
renewable technologies has two main aims aside from the environmental benefits: to address
the maximum demand issue at Roelands Village and to reduce power bills on site.
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5.2. Alternative renewable energies
There are potential sources of renewable energy that could be used on the site.
5.2.1. Fossil Fuel Generation
Fossil Fuel generation is easy to access in the guise of diesel generators. The capital
cost is not high, however running costs and fuel costs could be a significant consideration.
Considering the goals of a sustainable and environmentally friendly power source, fossil fuel
generation should be considered only as a last resort.
5.2.2. Biomass
Biomass generation is plausible at Roelands Village with its land size and farming
history. However, the practicalities of implementing a program of sustainable biomass fuel
plantation and installation of a steam generator reduce the attractiveness of this option.
Potential costs could be excessive. Overall there would be a substantial investment of
resources (time, money and capacity) in assessing a sustainable biomass option.
5.2.3. Micro-Hydro
A small dam and stream near Roelands Village (see Figure 5) makes micro-hydro
generation a possibility. Additionally, a run of the river system would be less costly to
implement. Currently, accessibility to expertise and low transparency in the process for
installing such a system reduce the perceived fitness and motivation for pursuing a microhydro solution. Given the reliability and consistency of hydro sources, it should still be a
consideration for future research.

Figure 5 – Dam on Roelands Village property
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5.2.4. Wind
Wind turbines were rated low in fitness from discussions with Les Wallam. The
reasoning was the concern for low reliability of the wind resource and potential noise issues
following recent controversies from the Albany wind farm. Although there is little evidence
to suggest that infrasound (low frequency sound between 1 and 20 Hz) from wind turbines is
a true phenomenon (Bignell, 2013), the reputation of wind turbines has suffered
nonetheless. For the purposes of the preliminary renewable energy analysis, wind turbines
were not considered beyond these initial observations.
5.2.5. PV
PV was considered highly accessible with many local businesses providing services to
install and implement grid connected solar systems. The cost of such systems was also
transparent and within reach. Among the stakeholders, including Les Wallam, PV was
considered the least controversial option.
For the remainder of this section, the implementation and cost of solar panel
implementation at Roelands Village will be discussed.

5.2.5.1. Distributed Panels per building vs. Solar Array “Farm”
It was determined that due to the topography, number of buildings and distribution of
buildings on site that it would be costly and impractical to install a large ground mounted
solar array. The recommendation was to install modular roof mounted PV systems by which
larger buildings could be serviced by larger systems and smaller buildings with smaller
systems. The modularity would also allow for future upgrades without interfering with any
existing systems.

5.2.5.2. Building roof orientations and pitch
The orientation, pitch and notes on shade of the roofs for each building surveyed are
summarised in Table 14. This information is necessary for the calculation of estimated
sunlight and therefore power generation.
Table 14 - Roelands Village roof orientation, pitch and shade from [33]

Building no.
3
5
6
7
8
11
12

Roof Orientation (°)
90
NA
30
330
20
345
0

Roof Pitch (°)
20
NA
20
15
23
10
25

13
14
15
16
17

80
20
20
15
335

14
25
30
26
22
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Shade
Nil
NA
Nil
Winter Only
Late Afternoon
Nil
During winter months
(minimal)
Nil
Nil
Mornings all year
During winter months
Nil
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18
20

345
20

25
24

21
22
24
25
26
27
28

30
30
NA
270
13
25
20

25
16
NA
15
10
23
22

Mornings all year
Late afternoon from
chimney
During winter months
During winter months
NA
Mornings all year
Nil
During winter months
During winter months

5.2.5.3. System size and quotes
By surveying the size of the roofs and using information on the buildings’ roof
orientation and pitch DSS was able to provide a recommended system size and quote for
most of the buildings at Roelands Village. These quotes were dependent on the price of the
RECs and thus should be treated as estimates for final cost. A summary of the building usage
from correspondence with Les Wallam is presented alongside DSS’s data in Table 16.
Table 15 - Data from Wallam [31] and Bignell’s report [33].

Building
No.

Solar
System
size
(kW)

Estimated
winter
time daily
power
generation
(kWh)
7
4

Estimated
average
daily
power
generation
(kWh)
13
7

Price*

Building Use

3.2
1.4

Estimated
summer
time daily
power
generation
(kWh)
18
10

3
6

$5,240
$6,600

7

5

32

9

23

$8,120

8
11

5
5

35
28

14
11

25
20

$8,120
$8,120

12

5

35

12

25

$8,120

13

5

30

12

22

$8,120

14
15

1.6
2

11
14

4
5

8
10

$2,680
$3,400

16

3.2

22

7

16

$5,240

17

5

35

14

25

$8,120

18

1.2

5

2

3.5

$2,280

20
21

2
4

14
25

5
6

10
18

$3,400
$6,600

Sheering Shed
Long Term
Residency
Long Term
Residency
Function Centre
Short term
stay/Multi purpose
Short term
stay/Multi purpose
Short term
stay/Multi purpose
New Office
Short term
stay/Multi purpose
Long term
residency
Training
academy/cafe
Long term
residency
Arts centre
Long term
residency
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22

5

33

3

24

$8,120

25
26
27
28

4
10
1
2.4

25
67
4
16

10
26
1
4

18
48
3
12

$6,600
$16,240
$2,180
$4,280

TOTAL

Long term
residency/Wellness
Fitness centre
Shed/Multi use
Shed/Multi use
Shed/Multi use
Long term
residency/Wellness
Fitness centre

71
459
156
340.5
$121,580
* The quote has been discounted by the price of STCs as reviewed in
section 2.7. [33].

5.3. REBS and tariffs
Roelands Village is currently being billed on a K1 Home-Business plan tariff and as
such is not eligible for the Renewable Energy Buyback scheme. The rates for different tariff
types were summarised in Table 7 - Synergy Renewable Buyback Scheme Prices [30]. It may
be possible to install separate meters into the individual residences and offices, thereby
charging the electricity on separate tariffs. This would then allow qualification for the REBS.
The following calculations for payback period will compare these two scenarios.

5.4. Payback period for PV
Table 16 - Payback for residents (A1 Tariff)

Building
Number

Estimated
average
daily
power
generation
(kWh)

Price*

Average
yearly
savings
(33%
used, 67%
soldback)
minus
O&M
costs
254.66
1122.46
742.80
64.83
851.27
1176.70
525.85

Payback
period
(33%
used, 67%
soldback)

Average
yearly
savings
(50% used,
50%
soldback)
minus
maintenance

Payback
period
(50%
used, 50%
soldback)

6
7
$6,776
26.6
301.69
22.5
7
23
$8,296
7.4
1276.97
6.5
16
16
$5,416
7.3
850.28
6.4
18
3.5
$2,456
37.9
88.34
27.8
21
18
$6,776
8.0
972.19
7.0
22
24
$8,296
7.1
1337.92
6.2
28
12
$4,456
8.5
606.46
7.3
TOTAL
103.5
$42,472
* The price has been discounted by the price of STCs while including the
cost of new meters [33].
Table 17 - Payback for residents (K1 Tariff)
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Building
Number

Estimated Price*
Average
Payback
Average
Payback
average
yearly
Period
yearly
Period
daily
savings
(Years)
savings
(Years)
power
(33% used)
(50% used)
generation
minus
minus
(kWh)
maintenance
maintenance
6
7
$6,600
$85.79
76.9
$194.38
34.0
7
23
$8,120
$567.59
14.3
$924.38
8.8
16
16
$5,240
$356.80
14.7
$605.00
8.7
18
3.5
$2,280
-$19.61
N/A
$34.69
65.7
21
18
$6,600
$417.03
15.8
$696.25
9.5
22
24
$8,120
$597.70
13.6
$970.00
8.4
28
12
$4,280
$236.35
18.1
$422.50
10.1
TOTAL
103.5.5
$41,240
* The price has been discounted by the price of STCs while including the
cost of new meters [33].
Two tariff scenarios were analysed. The first was based on the assumption that the
residential buildings at Roelands Village could have appropriate meters installed, be billed
on an A1 tariff and as such be eligible for the REBS. The second scenario was based on the
current K1 tariff, thus being ineligible for REBS. Calculations were performed using
equations 3.1, 3.2 and 3.3.
The focus for calculating payback periods by prioritizing residential buildings for solar
PV installation was based on the assumption that the residential buildings at Roelands
Village would have the option of being billed on separate A1 tariffs, therefore being eligible
for the REBS. Additionally these buildings are the most likely to receive constant and
consistent power usage and therefore the results of an average usage scenario could be more
applicable. An operation and maintenance cost of $125 for an annual service on each system
was factored into the average yearly savings.
On the A1 tariff, it was found that in the scenario where 33% of the generated power
used and 67% of the energy sold back through the REBS the range of years until payback was
between 7.1 years and 37.9 years. In the 50% used and 50% sold back scenario the payback
time was between 8.4 and 61.5 years. If Roelands Village remains on its current K1 tariff, the
payback period increases significantly with no sell back option. The K1 tariff payback periods
are consistent with the typical payback periods stated in [7]. For example, a 5kW system was
stated to typically take 15 years, compared with 13.6 years (building 22).
A comparison quote was considered from Save Energy Australia (SEA). This quote was
only for a single 5.28 kW system and was compared with a similarly sized system quoted by
Down South Solar (Building 3). The operation and maintenance costs were subtracted from
the average yearly savings. Down South Solar appears to have the more affordable quote.
Table 18 – Comparison of SEA and DSS quotes

Contractor

System
Size

Annual
Average
kWh/Day

Total
Output
kWh/year
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Price

Average
Payback
Yearly
Period
Savings
(33% used,
67% sold
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SEA
DSS

5.28
5

23.76
23

8672
8395

$12,429.10
$8,120.00

back)
$1,151.34
$1,110.58

10.8
7.3

5.5. Solar PV addressing aims
Supplying maximum demand as detailed in this project is an issue at Roelands Village.
Installing solar PV may contribute to this issue, but with some large limitations. In the bestcase scenario with all solar panels installed and running at full power there is potential 71
kVA of power supply. This is likely to be a rare case and if there is no illumination (i.e at
night) there will be no supply from the panels without storage. The primary reason for
installing grid connected PV would be for the savings in electricity cost over the time and the
environmental benefits of using renewable energy.
In order for solar PV to be a viable option for addressing maximum demand, battery
banks could potentially be added for storage of excess generation. It is, however, unlikely to
be a cost effective option. Future research should determine the full extent of this possibility.

5.6. Solar Luminaries
A design for lighting distribution at Roelands Village was completed with a suggestion
from SKM’s report that there would be one luminary per road junction (Figure 6). An extra
luminary was proposed in front of building 9 in order to illuminate a sharp ledge and further
illuminate the road. Details and specifications for the proposed solar lighting units are
available in Appendix F.
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Figure 6 – Roelands Village proposed solar luminary positions. Adapted
from [6].
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6. Conclusions and Recommendations
This project aimed to identify the energy problems at Roelands Village and provide
direction and potential solutions for these issues. The problem of maximum demand and
high cost of electricity were identified through the methods of an energy audit and survey of
onsite electricity use. Research into renewable energies and specifically solar PV
implementation was completed in this study. This final chapter will describe the
recommendations from this report and summarise the conclusions reached.
It is concluded from this study that there is a high likelihood that Roelands Village
will be facing future deficiencies in power supply because the maximum demand exceeds the
current supply significantly. The maximum demand load is 850 A requiring a 204 kVA
power supply. The extent of the problem is bound by the actual loading factors on site and
the onsite transformers are the limiting factors for supply from the grid. Renewable energy
sources such as micro-hydro and wind may still be a viable option with enough future
research. Grid connected solar PV, while a good solution for reducing power bills and
addressing the environmental aims of energy production, is not an optimal solution for
supplying power against maximum demand because it lacks storage options for night time
use. When considering grid connected systems tariffs for energy use should be split between
home and business in order to be eligible for the REBS.
There are several recommendations to be made in response to the conclusions and
results of this thesis project.
 Due to the unknown nature of electrical wiring and phase loading at Roelands Village
it is recommended that an Electrician perform an electrical analysis of the property.
There is potential work to be done in regard to load balancing and ensuring optimal
supply from the transformers.
 Corporate groups should be engaged to assess the electrical work needed to ensure
safe and consistent infrastructure with enough capacity to handle an upgrade in
supply transformers. The purchase and installation of a suitable transformer/s
should be considered. It is probable that transformer upgrades will be necessary as a
reliable source of power. Currently there are two 50 kVA transformers on site. An
additional 150 kVA would be sufficient to supply predicted maximum demand.
 If PV is to be installed at Roelands Property, roof mounted PV is preferred over
ground solar array. It is recommended that residents change to the A1 tariff in order
to be eligible for the REBS. Buildings 22, 16 and 7 should be prioritised for PV
installation as their payback periods are the shortest. Consumption at the
“commercial” buildings should be assessed before installation of PV. Of the given
quotes, Down South Solar appears to have the more affordable option.
 The possibility of micro-hydro is one of interest and should be approached by
corporate groups or those with expertise. Battery banks for solar PV are also an
option, albeit potentially costly.
 Solar luminaires should be installed on site for safety and illumination. Suggested
locations have been identified.
This project will continue beyond this report and the progress made here in orientating
future renewable implementation will hopefully be valuable to all involved. The nature and
intent of this thesis was to work in partnership with WKI to not only develop appropriate
solutions but also build relationships within the engineering and local communities. It is
hoped that not only the results, but the approaches and attitude towards engineering
implemented in this project be adopted for future work, to the benefit of all involved.

ROELANDS VILLAGE – PV SOLUTIONS

Page 40

7. References
[1] E. W. B. Australia. (2013, 20/04/13). About Us- Engineers Without Borders Australia.
Available: http://www.ewb.org.au/about
[2] A. Mehzov, ""Roelands question"," K. Liu, Ed., ed, 2013.
[3] D. o. C. Protection. (27/05/13). Roelands Native Mission Farm. Available:
http://www.signposts.communitydevelopment.wa.gov.au/facilities/view.aspx?id=308
[4] W. K. INCORPORATED, "STRATEGIC PLAN: 2020 Strong Proud and Building for
Future Generations," ed, 2012.
[5] ReconciliACTION. (2007, 27/05/13). Stolen Generations Fact Sheet. Available:
http://reconciliaction.org.au/nsw/education-kit/stolen-generations/
[6] C. Burgess and A. Hoffman, "Roelands Village User Design Brief For Indigenous Land
Corporation," Sinclair Knight Merz2006.
[7] M. Lee and C. Duggan, "Report for Roelands Village: Energy Audit and Electrical
Capacity Study," 2012.
[8] GHD. (2013, 10/05/13). About Us. Available: http://www.ghd.com/global/about-us/
[9] GHD. (2013). Community Contributions. Available: http://www.ghd.com/global/aboutus/community-contributions/
[10] W. Power. (2013, 10/05/13). Western Power: About Us. Available:
http://www.westernpower.com.au/aboutus/aboutus.html - who_we_are
[11] GHD, "Report on Roelands Village Energy Audit - Initial Findings from First Visit,"
2012.
[12] C. EL-001, "AS/NZS 3000:2007," in Preface, ed, 2007.
[13] Standards.org.au. (03/05/13). What is a Standard? Available:
http://www.standards.org.au/StandardsDevelopment/What_is_a_Standard/Pages/default.as
px
[14] C. EL-001, "AS/NZS 3000:2007," in Section 3 Selection and Installation of Wiring
Systems vol. C2.1, ed, 2007, pp. 348-366.
[15] N. Hanley and C. Nevin, "Appraising renewable energy developments in remote
communities: the case of the North Assynt Estate, Scotland," Energy Policy, vol. 27, pp.
527-547, 9// 1999.
[16] M. Manfren, P. Caputo, and G. Costa, "Paradigm shift in urban energy systems
through distributed generation: Methods and models," Applied Energy, vol. 88, pp. 10321048, 4// 2011.
ROELANDS VILLAGE – PV SOLUTIONS

Page 41

[17] G. Chicco and P. Mancarella, "Distributed multi-generation: A comprehensive view,"
Renewable and Sustainable Energy Reviews, vol. 13, pp. 535-551, 4// 2009.
[18] G. M. Masters, Renewable and Efficient Electric Power Systems: John Wiley & Sons,
Inc., 2004.
[19] A. Chaurey, M. Ranganathan, and P. Mohanty, "Electricity access for geographically
disadvantaged rural communities—technology and policy insights," Energy Policy, vol. 32,
pp. 1693-1705, 10// 2004.
[20] D. F. Barnes and W. M. Floor, "Rural Energy in Developing Countries: A Challenge
for Economic Development," Annual Review of Energy and Environment, vol. 21, pp. 497530, 1996.
[21] F. A. Farret and M. G. Simões, "Integration of Alternative Sources of Energy," ed:
John Wiley & Sons.
[22] O. Paish, "Small hydro power: technology and current status," Renewable and
Sustainable Energy Reviews, vol. 6, pp. 537-556, 12// 2002.
[23] J. K. Kaldellis and D. Zafirakis, "The wind energy (r)evolution: A short review of a
long history," Renewable Energy, vol. 36, pp. 1887-1901, 7// 2011.
[24] C. E. Council. (2013, 19/05/13). Wind Energy. Available:
http://www.cleanenergycouncil.org.au/technologies/wind.html
[25] C. E. Council. (2013, 19/05/13). Solar PV. Available:
http://www.cleanenergycouncil.org.au/technologies/solarpv.html
[26] B. Giddings and C. Underwood, "Renewable Energy in Remote Communities,"
Journal of Environmental Planning and Management, vol. 50, pp. 397-419, 2007.
[27] C. E. Regulator, "About the Renewable Energy Target," in
http://ret.cleanenergyregulator.gov.au/About-the-Schemes/Small-scale-Renewable-EnergyScheme--SRES-/about-sres , A. Government, Ed., ed, 2013.
[28] C. E. Regulator. (2013, 26/05/13). Solar Credits. Available:
http://ret.cleanenergyregulator.gov.au/Solar-Panels/solar-credits
[29] C. E. Regulator. (2013, 26/05/13). Financial Incentives for Solar Panels. Available:
http://ret.cleanenergyregulator.gov.au/Solar-Panels/Incentives-for-your-SolarPanels/incentives-solar-panels
[30] Synergy, "Renewable Energy Buyback Scheme and Net Feed in Tariff Price
Schedule," ed, 2012.
[31] L. Wallam, "Roelands Village Building Use," K. Liu, Ed., ed, 2013.
[32] T. Evans, J. Cooper, and V. Lenchine, "Infrasound levels near windfarms and in other
environments", Environmental Protection Authority, 2013.
ROELANDS VILLAGE – PV SOLUTIONS

Page 42

[33] M. Bignell, "Grid Connect Solar Power Report," 2013.
[34] WIKIPEDIA: Energy efficiency. Avaliable:
http://en.wikipedia.org/wiki/Engine_efficiency
[35] Clean Energy Australia report 2012.

ROELANDS VILLAGE – PV SOLUTIONS

Page 43

APPENDICES

ROELANDS VILLAGE – PV SOLUTIONS

Page 44

8. Appendix A
Results from energy audit
Building 14
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Building 17
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Building 19

Building 20
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9. Appendix B
Data from 2012 Audit from [11].
Building 1
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Building 3
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Building 5
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Water Treatment Plant
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Building 6

Building 7
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Building 8
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Building 12
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Building 13
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Building 15
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Building 18
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Building 21
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Building 27
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10. Appendix C
Some of the buldings in Roelands Village
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EWB volunteers in the field.
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Satellite image of the site.

[Type text]
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11. Appendix D
Electrical drawings from [7]
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12. Appendix E
From AS 3000:2007
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13. Appendix F
Proposed LED Solar Luminaire from Save Energy Australia.
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14. Appendix G
Proposed solar panel specifications from Down South Solar
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